ACCLARENT AERA™ EUSTACHIAN TUBE BALLOON

GO BEYOND SYMPTOMS TO THE SOURCE

The first balloon dilation intervention indicated for persistent Eustachian Tube Dysfunction (ETD) in the United States

) Designed to relieve symptoms of persistent ETD

ETD is a condition caused by the inadequate opening of the Eustachian tubes, and may be causing your

o patients fo experience chronic ear pressure, pain, and/or clogged or muffled sensations. Adult prevalence of ETD
is estimated to be between 0.9% and 5.0%.%3
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Balloon is inflated to dilate
the Eustachian tube to relieve
symptoms of persistent ETD.
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ACCLARENT AERA™ is the only balloon indicated for persistent ETD in the United States

Safe by design, the bulb tip

enhances safety by limiting balloon
catheter travel to the isthmus.
Designed specifically for the Eustachian Offers the flexibility to adapt to the Preserves natural anatomy with
tube anatomy s-shaped curve of the Eustachian tube minimally invasive, transnasal access
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Proven safety and efficacy

ACCLARENT AERA™ is backed by the only prospective, multicenter, randomized clinical trial to demonstrate':

99,7 518,139 561:.8.5:

technical success in dilating : higher rate of tympanogram : improvement in the quality
the Eustachian tube normalization compared to of life measure from the
' control subjects treated with § Eustachian Tube Dysfunction

medical management alone Questionnaire (ETDQ-7)

We're invested in you

Acclarent offers you the training and support—including guidance on patient selection—
to help you successfully treat persistent Eustachian Tube Dysfunction (ETD). Medical management
alone cannot always address the source of persistent ETD. With ACCLARENT AERA™, the

solution is now in your hands.

Talk to your Acclarent representative
to learn more about this new tool in
the management of persistent ETD.

ACCLARENT AERA™ Eustachian Tube Balloon Dilation System

ACCLARENT AERA™ Balloon Catheter ACCLARENT AERA™ Guide Catheter
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The prevalence of middle ear disease in the adult British population

The UK National Study of Hearing set out to ascertain the prevalence of hearing impairments of
various magnitudes, the prevalence of ear disease and the associated risk factors, and to estimate the
percentage of individuals requiring some form of management. A stratified sample of 2708 British
adults, aged 18-80 years, was chosen from a sample of 48 313 adults, randomly selected from the
electoral roll, for a full otological and audiological assessment. This paper deals primarily with the
middle ear results. Otoscopically, 2.6% of British adults had inactive and 1.5% had active chronic
otitis media. This condition was more common in older individuals and in those in manual
occupations. For this purpose, presumptive otosclerosis was defined as a conductive component to the
impairment (average air bone gap over 0.5, 1 and 2 kHz of 15 dB or greater) and with an intact
tympanic membrane. The population prevalence for presumptive otosclerosis was 2.1%, for healed

OM 1.7% and for Eustachian tube dysfunction 0.9%. This prevalence of otosclerosis was higher in
those over 40 years, but only in those with air bone gaps of 30 dB or greater were women more likely
to have the condition than men, by a factor of three. At most, 20% of individuals with any of the
above middle ear conditions will have had ear surgery.

Keywords epidemiology

chronic otitis media  otosclerosis

There are many reasons why incidence and prevalence data
of otological conditions can be of practical and scientific
value. The incidence of these conditions presenting at a
general or hospital practice will be of managerial value to
those running the practice and to those with comparable
practices. Prevalences within a community are of value in
determining the potential present and future community
service requirements. How useful such data are to planners
outside the community or country being reported is unclear,
as studies of genetically and socially different populations
could yield different results. However, the Northern
European countries are relatively homogeneous; hence
Swedish’ and Danish?® studies of men over the age of 45 years
are likely to be relevant to each of these countries. But how
relevant is a study carried out in Framingham,
Massachusetts’ to Northern Europe or to South-western
USA? Obviously, the ideal is to have a study carried out in

Correspondence: Professor G.G.Browning, Scottish Section, MRC
Institute of Hearing Research, Royal Infirmary, 16 Alexandra
Parade, Glasgow G31 2ER, UK.

the country of application. Until recently, the only data
available for British planners came from a study of 400
adults over the age of 18 years in 1957-58.* The data in this
study merit updating, especially as the initial distinction
between conductive and sensorineural hearing impairments
was based on tuning fork tests. These have since been shown
to have a low sensitivity in detecting clinically relevant
conductive impairments.’

Recognizing this sparsity of up-to-date knowledge about
adult hearing impairments, the MRC funded its Institute of
Hearing Research during the 1980s to carry out a large scale,
multi-centre epidemiological study, the National Study of
Hearing (NSH). Its aims were multiple and continue in a
longitudinal arm. Many aspects have already been reported®
and the method and prevalence data will be summarized in a
book.” The only publication so far on ear disease was
preliminary.? In the context of the overall high prevalence of
hearing impairment® the current paper addresses the ratio of
sensorineural to conductive conditions, the otoscopic find-
ings, and the prevalence of middle ear diseases. It also
examines risk factors for various middle ear diseases. A
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318 G.G.Browning and S.Gatehouse

subsequent paper will look at the service implications of
these findings.

Methods

The NSH was carried out in 3 phases during the period
1980-86. The methods are described in detail elsewhere.>” In
brief, a random sample of 48 313 adults, aged 18 years and
over, was taken from the electoral roll in 4 centres: Glasgow,
Nottingham, Southampton and Cardiff. Each was sent a
postal questionnaire enquiring about their hearing. The
replies were then stratified on the basis of the respondent’s
age and reported hearing status to provide an appropriate
sample of 2708 individuals to be seen in the clinic. A sample
of non-attenders was visited and tested at home to quantify
and correct for any bias® in reporting and attendance. A
further sample in areas up to 80 km from the 4 centres was
recruited to document any geographical bias.®

At the clinic attendance each subject underwent an audio-
logical assessment following by a clinical interview and
examination by an otologist.

AUDIOLOGICAL ASSESSMENT

All the clinic testing was carried out in sound-attenuated
booths on rigorously calibrated equipment.® The British
Society of Audiology recommended method of manual
audiometry was used for all threshold determination.’
Bone-conduction (BC) thresholds at 0.5, 1 and 2 kHz were
obtained in phases 1 and 2 on all subjects but, because of
time constraints, only on those failing an acoustic reflex
check in phase 3 of the study.

CLINICAL ASSESSMENT

A full otolaryngological history was taken.” This included a
full enquiry as to possible aetiological agents that might be
responsible for any hearing impairment or otological
symptoms.

All subjects had an otoscopic cxamination; the findings
were categorized according to well defined criteria, which
had been established between centres to ensure uniformity in
data collection. No attempt was made to clean out the canal
unless there were medical reasons for doing so. When the
tympanic membrane could not be visualized because of wax
or debris, these ears were otoscopically classified as unknown.
Among the 2708 individuals examined in the clinic, otoscopic
data were available for both ears in 2208. The demographic,
audiometric and clinical characteristics of the 500 patients in
whom otoscopic data were not recorded did not differ from
the circumstances of the 2208 in whom it was. Generalizing
from the subset of 2208 requires the assumption that in those
ears not visible because of wax, ear abnormality is distri-
buted in the same way as in the remaining subjects. Hence in

calculating the prevalence of middle ear disease it is assumed
that if the tympanic membrane had been seen, the distribu-
tion of appearance would be the same as in those that had.
In other words, we are not aware of any data systematically
linking wax to demography, disease or impairment. It is
theoretically possible that a weak association could exist
between pathological states and excess wax production. Such
an association would lead to slight underestimates of the
prevalence of car disease.

OTOSCOPIC DEFINITIONS

The appearance of the tympanic membrane was recorded in
one of four categories.

Normal tympanic membrane An intact tympanic
membrane with no areas of substantial scarring, thinning,
retraction, tympanosclerosis or localized chalk patches.

Abnormal tympanic membrane An intact tympanic
membrane but substantial scarring, thinning, retraction,
tympanosclerosis or chalk patches.

Inactive chronic otitis media (Inactive COM ) The presence
of a tympanic membrane perforation without evidence of
inflammation in the form of middle ear mucosal oedema or
pooling of secrctions (mucus or mucopus).

Active chronic otitis media ( Active COM ) The presence of
a perforated tympanic membrane with active inflammation
either due to mucosal disease or a choleasteatoma. No
attempt was made to distinguish between those two types of
activity because the numbers were small.

When a normal or an abnormal tympanic membrane is
visualized, it is possible to combine this with audiometric
and tympanometric data to makc a presumptive diagnosis of
middle ear conditions as follows.

Otosclerosis When the tympanic membrane is normal, the
tympanogram peaked, the middle ear pressure between
—100 and 100 mmH,0O and there is an air bone gap (ABG)
of 15 dB or greater over 0.5, 1 and 2 kHz.

Healed otitis media (OM) Where there is an abnormal but
intact tympanic membrane, the middle ear pressure is
between — 100 and 100 mmH,0, and there is an ABG of
15 dB or greater.

Eustachian tube dysfunction When the tympanic membrane
is normal or abnormal but intact, the tympanogram is cither
flat or the middle ear pressure is more negative than
— 100 mmH,O and there is an ABG of 15 dB or greater. This
is a relatively non-specific category but may include early or
late stages of an episode of otitis media with effusion.

ANALYTICAL METHODS

In the prevalence calculations, various methods were used to
correct for any sampling or attendance bias.® It is possible to
consider the prevalence of a particular otological condition
in the right and/or left ear separately, but when considering





the numbers of individuals in the population suffering from a
condition, the 2 ears have to be considered jointly as some
individuals will have unilateral and others bilateral diseasc.
A problem also arises as to how to classify a patient who has
different otoscopic findings in the 2 ears. Obviously, the
abnormalities could be included in each category, but the
complexity of tabulation rises and comprehension is more
difficult when prevalences do not sum to 100% of indivi-
duals. A hierarchical list was therefore drawn up for the
appearance of the tympanic membrane in decreasing order
of potential seriousness; active COM, inactive COM, healed
OM and normal.

Results
PREVALENCE AND TYPE OF HEARING IMPAIRMENTS

An impairment was defined as an average pure tone AC
threshold over 0.5, 1, 2 and 4 kHz of 25 dB HL or poorer.
Table 1 shows the prevalence of hearing impairment in the
population overall, and broken down into 20 year age bands,
sex, and occupational groups. The table is subdivided into
better and poorer ears based on these averages. In those with
an impairment, the ratio of sensorineural to conductive
impairments is given. For these purposes, a conductive
impairment was defined as an ABG of 15 dB or greater over
0.5, 1 and 2 kKz. Those that did not have such an ABG were
considered to be sensorineural in type.

Table 1. The population prevalence (%) in adults of a hearing
impairment in their better and poorer hearing ears, overall and in
20-year age bands, broken down into sex and occupational groups
with the ratio of sensorineural to conductive impairments. The
95% confidence limits are given in parentheses
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Roughly 16% of adults have a mild (=25dB HL), 4% a
moderate (245dB HL) and 1% a severe (=65dB HL)
impairment in both ears. If only the poorer hearing ear is
sonsidered, 26% have a mild, 9% have a moderate, and 4%
have a severe impairment in that ear.

To investigate factors that might increase the risk of an
individual having a conductive impairment, a stepwise
logistic regression was performed with occurrence of a con-
ductive impairment as the dependent variable. Those aged
41-60 years were 1.7 times more likely than those aged 18—40
years to have a conductive impairment (P < 0.001).
Similarly, those aged 61-80 years were 2.4 times more likely
than those aged 41-60 years to have a conductive impair-
ment (P < 0.0001). The likelihood of having a conductive
impairment in the manual group was 1.3 times that in the
non-manual occupational group (P < 0.005). The sex of the
individual had no effect.

OTOSCOPIC FINDINGS

Of the 2208 individuals in whom tympanic membranes could
be visualized, 1192 were women and 1016 were men. 994
were in the non-manual and 1214 in the manual occupa-
tional groups. 637 were aged between 18 and 40 years, 958
between 41 and 60 years and 613 between 61 and 80 years.

In none of the analyses of the otoscopic findings or the
subsequent pathological sub-groups was there any difference
between the right and the left ears.” Accordingly, no latera-
lity data are presented.

Table 2. Population prevalence (%) of overall middle ear
otoscopic findings, broken down by age, sex and occupational
group. The 95% confidence intervals are in parentheses.

Normal Abnormal Inactive Active
Prevalence  Ratio Prevalence  Ratio ™ intact TM COM COM
better ear SN/CON poorer ear  SN/CON (n=1731) (n=322) (n=289) (n = 66)
Overall 13.8 6.5:1 17.7 22:1 Overall 84.0 11.9 2.6 1S
(12.7-14.9) (16.3-19.1) (82.2-85.8) (10.2-13.6) (1.8-3.4) (1.1-1.9)
Age (years) Age (years)
18-40 1.5 38:1 35 09:1 18-40 86.5 10.1 2.5 0.9
(0.8-2.3) (2.2-4.7) (83.3-89.7) (8.6-14.4) (1.0-4.0) (0.2-1.6)
41-60 10.7 34:1 17.4 1.8:1 41-60 84.3 11.5 2.1 2.1
(9.1-12.4) (15.1-19.6) (81.9-86.7) (9.3-13.7) (1.2-3.0) (1.3-2.9)
61 80 419 11.1:1 453 34:1 61-80 79.1 16.2 2.7 2.1
(38.0-45.9) (40.9-49.9 (75.6-82.6) (12.8-19.6) (1.6-3.8) (1.3-2.9)
Sex Sex
Women 12.1 52:1 14.7 1.9:1 Women 85.1 11.3 2.4 1.2
(10.5-13.6) (12.8-16.6) (83.0-87.2) (9.3-13.3) (1.7-3.1) (0.8-1.6)
Men 15.8 8.1:1 21.1 2.5:1 Men 82.7 12.6 2.8 1.9
(14.2-17.3) (19.1-23.1) (79.6-85.8) (9.8-154) (1.4-4.2) (1.1-2.7)
Occupational group Occupational group
Non-manual 12.3 69:1 17.2 27:1 Non-manual 87.2 10.1 1.9 0.8
(10.9-13.8) (15.2-19.3) (84.7-89.7) (7.7-12.5) (0.8-3.0) 0.4-1.2)
Manual 14.8 6.1:1 18.6 2.1:1 Manual 81.0 13.5 3.3 2.2
(13.2-16.5) (16.6-20.5) (78.3-83.7) (11.0-16.0) (2.3-4.3) (1.5-2.9)
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Table 3. Percentage of ears with an air bone gap of various
magnitudes broken down as to their otoscopic appearance

Normal Abnorma! Inactive Active
™ intact TM COM COM
Air bone gap (dB)
0-14 97.3 79.6 56.4 16.3
15-29 2.2 16.9 25.7 30.9
30+ 0.5 35 17.9 52.8
100.0 100.0 100.0 100.0

Table 2 shows the otoscopic findings in the population
using the hierarchical classification described above. The
main finding is that otoscopically, 2.6% of the adult popula-
tion have inactive and 1.5% active COM.

Table 3 shows the distribution of the ABG of various
magnitudes that are associated with these otoscopic findings.
A stepwisc logistic regression showed that, as might be
expected, those with an abnormal but intact tympanic
membrane were 6 times more likely to have a conductive loss
(ABG >15dG) than thosc with a normal tympanic
membrane (P < 0.0001). Those with inactive COM were 19
times more likely (P < 0.001) to have ABG >15dB than
those with a normal tympanic membrane, and those with
active COM were 86 times more likely (P < 0.0001).

PREVALENCE OF MIDDLE EAR DISEASE

As stated above, the overall prevalence of COM, combining
active and inactive forms, was 4.1%, which splits into 3.1%
having unilateral and 1.0% bilateral disease. Stepwise
logistic regression showed that those aged 41-60 ycars as
well as those aged 61-80 years were twice as likely as those
aged 18-40 years to have COM (P < 0.05 and <0.0! respec-
tively). Those in manual occupations were also twice as likely
to have COM as those in non-manual occupations (P <
0.0001). There was no effect of sex of the individual.

Table 4 shows the prevalence of various presumptive
diagnoses of middle ear discases, apart from COM, broken
down by age, sex and occupational group. To ascribe such a
diagnosis, there had to be an ABG of 15 dB or greater in one
or both ears. Overall, 2.1% of the population have the
presumptive diagnosis of otosclerosis, 1.7% healed OM and
0.9% Eustachian tube dysfunction.

In a stepwise regression analysis, those aged 41-60 years
were twice and those aged 60-80 years were 4 times as likely
to have given a presumptive diagnosis of otosclerosis (P <
0.05 and <0.0001 respectively). Only among those where an
ABG was 30 dB or greater were women more likely ( x 3) to
have otosclerosis than men (P < 0.05). Occupational group
had no effect.

In those with the diagnosis of healed OM only those aged
61-80 years were more likely (x2) to have this than those
aged 18-40 years (P < 0.01). Sex and socioeconomic group

Table 4. Population prevalence per 100 of the presumptive
diagnosis of otosclerosis, healed OM and Eustachian tube
dysfunction. The 95% confidence intervals are in parentheses

Eustachian
Healed tube
Otosclerosis  ofitis media | dysfunction
(n = 170) (n=063) (n=141)
Overall 2.1 1.7 0.9
(1.5-2.7) (1.1-2.3) 0.6-1.2)
Age (years)
18-40 1.6 1.5 0.3
(0.6-2.6) (0.5-2.5) (0.1-0.5)
41-60 2.2 1.8 1.2
(1.3-3.1) (1.1-2.5) (0.5-1.9)
61-80 3.0 2.9 1.5
(1.7-4.3) (14-44) 0.6-2.4)
Sex
Women 2.0 1.6 0.8
(1.3-2.7) (0.8-2.4) 0.4-1.2)
Men 2.2 1.9 1.1
(1.2-3.2) (0.9-2.9) (0.6-1.6)
Occupational group
Non-manual 1.5 1.3 0.8
(0.8-2.2) (0.1 2.5) 0.2-1.4)
Manual 2.7 2.1 1.1
(1.9-3.5) (1.0-3.2) (0.6-1.6)

had no effect. In those with Eustachian tube dysfunction no
significant effect of age, sex or occupational group was
evident, but the numbers were small.

PREVIOUS SURGICAL MANAGEMENT

The overall percentage of subjects in the various diagnostic
categories who reported having had ear surgery as an adult is
low. Most otolaryngologists would consider that individuals
with active COM are likely to require surgical management
to eliminate the activity permanently. When successful such
surgery results in inactive or healed OM but these are also
the end points of surgery to improve the hearing. Thus it is
not possible to separate out the reasons for surgery, nor the
success rates. It can however be deduced that 86.2% of those
with active COM have not had surgery and that 13.8% of
those currently with active ear discase have had surgery but
this has not eliminated the activity. The desirability of oper-
ating to improve the hearing is more debatable, but only
6.5% of those with inactive chronic otitis media and 6% of
those with otosclerosis associated with an ABG >30dB
have had surgery.

Discussion

Although audiometry has been performed on larger volun-
teer samples for standardization purposes, the NSH is the
largest epidemiological survey of hearing impairment to date
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of an adult population stratified to permit population preva-
lences of the commoner abnormalities. Sufficient numbers in
each sex, socioeconomic group and age-band allow the confi-
dence intervals on the projected prevalences to be tighter
than previously. Thus the adult prevalence estimates of 2.6%
for inactive COM, 1.5% for active COM and 2.1% for the
presumptive diagnosis of otosclerosis, have 95% confidence
intervals of 1.8-3.4, 1.1-1.9, and 1.5-2.7 respectively.

Once the sample is broken down by age, sex and socioeco-
nomic group, the numbers of affected individuals with parti-
cular diseases become relatively small, despite the size of the
original sample. Hence some genuine risk factors might not
have been detected. The risk factors that were identified are
of interest. The fact that prevalence of COM, both active and
inactive, increases with age might have been expected, older
individuals being twice as likely to have COM than those
aged 18-40 years. It is not clear to what extent this is a
cohort effect or to what extent a true age cffect. However, the
prevalence in the younger group is still quite high at 3.4%
which would suggest that though better living conditions and
medical care may have added to the lower prevalence, the
condition is still common. Given that COM can be adult in
onset, the need to identify the predisposing factors for this
condition remains a high priority.

Otosclerosis is usually a presumptive diagnosis and its
prevalence will vary depending on what is considered to be a
‘normal’ tympanic membrane. Hence the prevalence esti-
mates of otosclerosis of 2.1% could be substantially altered
by the addition or subtraction of some of the 1.7% of
individuals who were classified as having a conductive
impairment due to the sequelae of middle ear disease.
Otosclerosis is no commoner in women than in men but
women are more likely to have severe disease as measured by

the magnitude of the ABG. This new finding helps to explain-

the previous contradictory findings that in many histological
series of temporal bones the condition is equally common
between the sexes but in surgical series more women are
operated upon than men. Such a dissociation of prevalence
paticrns is unusual. One possible explanation is that the
hereditary pattern is equally distributed but that the environ-
mental or maturational history of women (e.g. hormonal
factors) lead to more severe expression.

Because of the difficulty of assessing identical definitions
of the various ear abnormalities, direct comparison with
other population samples is not necessarily valid. However,
the prevalence of COM and otosclerosis in  our
40-60-year-old men is similar to that reported in Danish
males of the same age.? Rather surprisingly, the current
prevalence of active COM of 1.5% is no different from the
1.1% reported in Britain in the 1950s.” Our prevalence of
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otosclerosis of 2.1% is higher than the 1.1% previously
reported but this is likely to be due to the use of tuning fork
tests to screen for conductive impairments in the earlier
study.” Unfortunately, comparison of the prevalence of inac-
tive COM with older British data is not valid because of the
differing definitions.’

Having defined the population prevalence of the more
important middle ear diseases, it is important, particularly in
today’s economic climate, to assess the likely future needs in
the health services as individuals take them up through
becoming more health conscious. The fact that about 85% of
those with active COM have not had surgery suggests that
there is a considerable latent need for surgery. Such an
analysis will be offered in a future publication.
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Instructions For Use
Acclarentj ACCLARENT AERA™ Eustachian Tube

Balloon Dilation System

CAREFULLY READ ALL INSTRUCTIONS PRIOR TO USE.
CAUTION: Federal (U.S.A.) law restricts this device to sale by or on the order of a physician.

STERILE: Sterilized with ethylene oxide gas. DO NOT use if the package is open or damaged.
STORAGE: Store in a cool, dry place.

SINGLE USE: Intended for single patient use only. DO NOT resterilize and / or reuse, as it may result in
compromised device performance and risk of improper sterilization and cross contamination.

DESCRIPTION

The ACCLARENT AERA™ Eustachian Tube Balloon Dilation System consists of:
¢ ACCLARENT AERA™ Eustachian Tube Balloon Catheter (Balloon Catheter)
¢ ACCLARENT AERA™ Eustachian Tube Guide Catheter (Guide Catheter)

The Balloon Catheter is designed to be inserted and inflated in the cartilaginous portion of the Eustachian
tube (ET) for treatment of ET dysfunction (Figure 1). The Balloon Catheter consists of a proximal luer with
inflation port, a flexible proximal shaft, an actuator for advancing and retracting the Balloon Catheter, a
rigid shaft which passes through a Guide Catheter, a balloon at the distal end of the shaft for ET dilation,
and a distal atraumatic bulb tip. The device contains shaft and endoscopic markers to aid in preparing the
device and positioning under direct endoscopic visualization. The tip, balloon and rigid shaft are passed
into the Guide Catheter, the Guide Catheter is inserted through the nose to the orifice of the Eustachian
tube, and the balloon is inserted into the Eustachian tube by advancing the Balloon Catheter using the
actuator. The balloon is inflated by injecting sterile saline or sterile water through the inflation port of the
luer.

Vent Cap Flexible Actuator . Flexible
/ Luer Praximal Shaft / Rigid Shaft Distal Shaft Balloon
Acclarent) s | o — =
| | |
Shaft Marker Yellow Proximal Bulb
Inflation Port Rallnnon Marker  Tin

Figure 1: ACCLARENT AERA™ Eustachian Tube Balloon Catheter

The Guide Catheter is designed to provide a means to access the Eustachian tube (Figure 2). The Guide
Catheter consists of a proximal hub, a rigid shaft with a central lumen, and an angle near the tip that
provides a trajectory for the Balloon Catheter to pass through the guide catheter to access the Eustachian
tube. The distal tip is atraumatic and colored for endoscopic visualization. The device is provided sterile
and is intended for single patient use only.

Proximal Hub Atraumatic Tip

| Rigid Shaft
Angle
Figure 2: ACCLARENT AERA™ Eustachian Tube Guide Catheter ( Deleted: 1
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INDICATIONS FOR USE
The ACCLARENT AERA™ Eustachian Tube Balloon Dilation System is intended to dilate the Eustachian
| tube for treatment of persistent Eustachian tube dysfunction in adults ages 22 and older.

CONTRAINDICATIONS

The ACCLARENT AERA™ Eustachian Tube Balloon Dilation System is contraindicated for use in a
Eustachian tube with an ipsilateral carotid artery that is dehiscent into the ET lumen or history of
ipsilateral patulous Eustachian tube.

WARNINGS

* Intended for single patient use only. DO NOT REUSE.

* Patients with a history of skull base surgery, prior ear surgery, skull fracture, or anatomic
abnormalities may have elevated risk of complications and should be evaluated for eligibility
before treatment.

* DO NOT use product if the integrity of the sterile packaging has been compromised or if the
device appears damaged.

¢ DO NOT use if the device becomes damaged or touches a non-sterile object outside of the
operating field.

* Never advance or retract the device against unknown resistance, as this could cause tissue
trauma or device damage.

* Advancing the device into the Eustachian tube against resistance may cause injury.

* DO NOT exceed the recommended maximum balloon inflation pressure of 12 atmospheres
(ATM).

* Use only sterile saline or sterile water for inflation. DO NOT inflate with air.

PRECAUTIONS
¢ DO NOT move the balloon while it is inflated. Ensure balloon is fully deflated during insertion and
withdrawal.

¢ Certain nasal anatomy such as a deviated nasal septum may preclude access to the Eustachian
tube/s resulting in failure to treat the target anatomy.

* DO NOT inflate the Balloon Catheter until it has exited the Guide Catheter.

¢ DO NOT bend the Guide Catheter shaft.

CLINICAL EVIDENCE SUMMARY

Study Objectives: To evaluate efficacy and safety of Eustachian tube balloon dilation with the
Eustachian Tube Balloon Catheter (ETBC) in conjunction with medical management (investigational arm)
compared to medical management alone to treat Eustachian tube dysfunction (ETD) in adult patients
(control arm).

* Primary efficacy endpoint evaluation consists of comparison of the proportion of subjects
experiencing normalization of tympanometry at 6 weeks post-treatment in the investigational arm
versus the proportion of subjects experiencing normalization of tympanometry at 6 weeks post-
randomization in the control arm.

* Secondary efficacy endpoint evaluation employs the Eustachian Tube Dysfunction Questionnaire
(ETDQ-7) to compare the proportion of subjects achieving at least a minimally important
difference (MID) level improvement of 0.5 points at 6 weeks post-treatment in the investigational
arm versus the proportion of subjects achieving at least a MID level improvement of 0.5 points at
6 weeks post-randomization in the control arm.

* Safety evaluation includes occurrence of all anticipated or unanticipated adverse events in both
treatment arms.

Study Methodology: The study was a prospective, non-significant risk, multi-center, randomized
controlled trial to demonstrate superiority of the Eustachian tube balloon dilation with ETBC in conjunction
with medical management (investigational arm) compared to medical management alone (control arm) to

| IFU005146 Rev2 Customer Service: 1-877-775-2789
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treat ETD. Study population includes subjects age 22 and older with ETD refractory to medical therapy.
Each investigator was required to perform 3 successful ETBC procedures in non-randomized Lead-In
subjects. Medical management consists of treatment with triamcinolone acetonide (TA) nasal steroid
spray (such as Nasacort® AQ Nasal Spray (NAQ) or equivalent). All enrolled study subjects in both the
lead-in and randomized phase are required to adhere to the recommended TA labeling dosage and
frequency through the 6 week follow-up visit.

The randomized cohort is conducted in a 2:1 ratio with two subjects randomized to ETBC for every one
Medical Management subject. The study is a group sequential design with 3 planned looks (2 interim and
1 final) at 54:27, 108:54, and 162:81 evaluable subjects. The clinical evidence being presented in this IFU
is supported by the first-look cohort.

The primary endpoint was graded by both the investigator as well as an independent evaluator with
appropriate expertise unaffiliated with study patient care. The independent tympanogram evaluator was
blinded to subjects’ arm assignment and had no knowledge of the outcome of the investigators’
tympanogram results.

Each subject was enrolled individually and served as the unit of analysis, regardless of indication for
unilateral or bilateral ETD. Subjects had five follow-up visits. Follow-up visits occurred at 2 weeks, 6
weeks, 12 weeks, 24 weeks, and 52 weeks following either randomization (control arm) or the ETBC
procedure (investigational arm). Medical Management subjects may cross over to receive an ETBC
procedure after the 6 week follow-up visit and are subsequently followed for 12 weeks post-procedure.

Number of Subjects (planned and analyzed):. A total of 81 lead-in, 162 ETBC, 80 MM subjects were

enrolled. The second interim analysis cohort was comprised of 141 ETBC and 72 MM subjects who have
completed the 6 week follow-up visit. One (1) lead-in subject and thirteen (13) ETBC subjects did not
have a procedure and therefore are not included in the ETBC safety analysis. Seventy (70) MM subjects
crossed over to receive an ET dilation procedure and are included in the ETBC safety analysis.
Altogether the All-ETBC safety cohort consists of 299 subjects (80 lead-in + 149 randomized ETBC + 70
MM cross-overs).

A4
Diagnosis and Main Criteria for Inclusion: The study includes adult males or females aged 22 years

and older diagnosed with persistent ETD. Persistent ETD is defined by patient-reported symptoms of
ETD (including pressure and/or pain and/or clogged and/or muffled sensation in the affected ear(s)) and

documented evidence that the subject has experienced persistent ETD symptoms for 12 weeks or greater
pbrior to enrollment. Patients must have failed appropriate medical management consisting of either a
minimum of 4 weeks of confinuous dally usage of any iniranasal steroid spray Or a minimum of one
completed course of an oral steroid. The failed medical management may occur any time within 90 days
prior to study enroliment. In addition, all patients are required to have a computed tomography (CT) scan
taken to confirm absence of internal carotid artery (ICA) dehiscence into the Eustachian tube (ET) lumen
bilaterally. All patients must present with abnormal tympanometry (type B or type C) after failed medical
management and within 14 days prior to study enrollment. In addition, all included patients must have
demonstrated symptomatic dysfunction as documented through a validated quality of life instrument (the
ETDQ-7) with a score = 2.1 after failed medical management.

Females who are pregnant or lactating were excluded. In addition subjects were excluded if they had (1)
anatomy that required an adjunctive surgical procedure on the same day as ETBC surgery to allow
balloon catheter access to the ET, or (2) concomitant nasal, sinus or ear procedures planned on the
same day as ETBC surgery or any time during study participation. This criterion did not apply to Lead-In
subjects. In addition, patients were excluded if they have a history of major surgery of the head or neck
within four (4) months prior to randomization, patulous ET in either ear, fluctuating sensorineural hearing
loss, active chronic or acute otitis media (AOM), tympanic membrane perforation or presence of a
tympanostomy tube in either ear, tympanosclerosis, acute upper respiratory infection, active
temporomandibular joint disorder (TMJ), cleft palate or history of cleft palate repair, craniofacial
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syndrome, cystic fibrosis, ciliary dysmotility syndrome, systemic mucosal diseases or immunodeficiency
disorders, intolerance of protocol-defined medication regimen, prior surgical intervention on Eustachian
tube, or absence of dilatory muscular contractions.

EFFICACY RESULTS:

Technical success was high with 298/299,(99.7%) of all targeted Eustachian tubes successfully accgssed
IQnd dilated. The one (1) failure was due to anatomical constraint undetected prior to procedure, resIJIting
from angiofibroma surgery 31 years prior which prevented appropriate balloon access and positioning.

Primary efficacy results demonstrated superiority of the investigational device plus medical management
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compared to medical management alone. |Tympanogram normalization was observed in 51.89
of investigational subjects compared to 13.9% (10/72) controls (p<0.0001).] The Fisher’s exact p-value for
the 2" planned look was smaller than the pre-planned O’Brien-Fleming stopping p-value at 0.00706. As
the primary endpoint did meet the early stopping criteria, enroliment in the study has been ceased.

For the secondary efficacy endpoint, a greater proportion of subjects in the investigational arm achieved

an MID level change for ETDQ-7 at 6 weeks compared to control. MID level change was observed for
90.6% (126/139) of investigational subjects compared to 45.1% (32/71) controls.

Subjects in the investigational arm (ETBC) also showed a greater improvement in ETDQ-7 score at 6
weeks compared to control (MM). Investigational subjects reported a -2.3 (1.4) mean (SE) improvement

in ETDQ-7 score at 6 weeks compared to -0.5 (1.2) for control subjects. Additionally, a greater proportion

of subjects in the investigational arm (ETBC) presented without symptomatic dysfunction at 6 weeks
compared to control (medical management). Fifty-six percent (56.1, 78/139) of investigational subjects

reported an ETDQ-7 mean item score of less than 2.1 at 6 weeks compared to 8.5% (6/71) for control
subjects.

Durability of treatment effect is supported by sustained outcomes for over 170 subjects, where 62.2%
(61/98) randomized ETBC and 58.1% (43/74) lead-in subjects demonstrated tympanogram normalization
at 24 weeks post-procedure compared to 51.8% (73/141) and 40.5% (32/79) at 6 weeks, respectively.
Durability was consistently demonstrated across efficacy outcome measures where improvement in
ETDQ-7 scores, proportion of subjects achieving a MID level improvement, and proportion of subjects
without symptomatic dysfunction are sustained at 24 weeks post-procedure. Altogether, the efficacy
results are supportive of greater improved outcomes for ETBC-treated patients compared to control and a
durable treatment effect.

Deleted: Primary efficacy results for this first
interim analysis indicate that a greater
proportion of subjects in the investigational
ETBC arm demonstrated tympanogram
normalization at 6 weeks compared to Medical
Management control (p=0.00081).
Tympanogram normalization was measured in
51.7% (31/60) of investigational subjects
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'SAFETY RESULTS:
In 444 dilated Eustachian tubes (299 subjects), 0 serious device- or procedure-related adverse events

were reported. Sixteen (16) non-serious device or procedure-related adverse events occurred in 13
subjects out of the 299 subjects who underwent Eustachian tube dilation, including 4 events related to the
anesthesia component of the procedure. Related events included those identified as “definitely related”,
“probably related” and “possibly related”. A conservative approach was taken and events of “unknown
relatedness” were also included.

All potentially device- or procedure-related events were not serious, mild or moderate in severity and

resolved without sequelae with the most significant treatment interventions consisting of tympanostomy

tube placements for 3 subjects or Tylenol for 1 subject.

CONCLUSION:
Results from this study demonstrate superiority of the investigational device, plus medical management

compared to medical management alone. A strong safety profile, characterized by the absence of serious
device- or procedure-related adverse events and infrequent, non-serious events additionally supports a
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favorable risk — benefit profile sufficient to provide a reasonable assurance of safety and efficacy for the
investigational device. The second interim stopping criteria was met and study results support the
proposed indication for the Eustachian Tube Balloon Catheter for dilation of the Eustachian tube for
treatment of Eustachian tube dysfunction in adults ages 22 and older.

v Deleted: The results from the first interim-look
cohort of the study demonstrate that dilation of
the cartilaginous ET plus medical management
results in a greater rate of tympanogram
normalization and a greater enhancement in
quality of life as compared to medical
management alone. In addition, there were no
serious adverse events attributed to either the
device or procedure, and non-serious events
were limited and mild in nature.
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COMPATIBILITY

The ACCLARENT AERA™ Eustachian Tube Balloon Dilation System is compatible with the Acclarent®
Inflation Device, Acclarent® SE Inflation Device and Relieva Extension Tubing. Refer to the appropriate
instructions for use when using with compatible devices.

INSTRUCTIONS FOR USE

General

Use endoscopy for visualization during balloon access and dilation.

1. Preparation and inspection

a. Before opening the sterile package, visually inspect the package to ensure that the seals
remain intact, the sterile integrity has not been compromised, and that no damage has
occurred during shipping and handling.

b. Remove the Balloon Catheter and Guide Catheter from the package and remove the
protective sheath that covers the balloon.

c. Flush the Guide Catheter by injecting sterile saline or sterile water through the proximal hub.

d. Wipe the surface of the catheter with a sterile saline or sterile water-soaked gauze pad.

e. Prepare the ACCLARENT AERA™ Eustachian Tube Balloon Dilation System and compatible
devices, according to their respective instructions for use.

Note: Use sterile saline or sterile water for preparation and inflation of balloon.

2. Integrating the Eustachian Tube Balloon Catheter, Inflation Device and Eustachian Tube Guide
Catheter

a. Connect the tubing of the inflation device to the inflation port on the Balloon Catheter
(located on the side of the luer, marked with a “B”).

b. Insert the Balloon Catheter tip into the proximal hub end of the Guide Catheter and
advance the Balloon Catheter until the tip is visible in the clear portion of the guide.

c. Align the shaft marker of the Balloon Catheter with the end of the Guide Catheter proximal
hub.

3. Accessing the Eustachian tube

a. Hold the Guide Catheter by the proximal hub and, under endoscopic visualization, gently
insert the guide catheter through the nose on the side to be treated, positioning the tip near
the orifice of the Eustachian tube.

b. Rotate the Guide Catheter so that the tip angle is aligned with the trajectory of the Eustachian
tube.

c. Once in position, stabilize the Guide Catheter. Place a finger from the same hand on the
actuator of the Balloon Catheter, and using a motion similar to depressing a syringe, gently
advance the Balloon Catheter through the Guide Catheter and into the Eustachian tube.

d. The Balloon Catheter should advance smoothly into the Eustachian tube until the yellow
proximal balloon marker exits the Guide Catheter or until resistance to advancement is felt
and the yellow marker is visible distal to the bend at the tip of the Guide Catheter (this
resistance indicates that the balloon catheter bulb tip has reached the narrow isthmus of the
Eustachian tube).

Note: If resistance is encountered during initial advancement of the Balloon Catheter and the

yellow proximal balloon marker has not passed the bend at the tip of the Guide Catheter, DO

NOT continue to advance the balloon catheter. Retract the Balloon Catheter back into the Guide

Catheter, rotate and reposition the tip of the guide and gently re-advance the balloon catheter

according to instructions 3c-3d.

e. If the yellow proximal balloon marker is within the guide tip, withdraw the Guide Catheter
slightly while holding the Balloon Catheter in position until the yellow marker is visible distal to
the Guide Catheter tip. When in correct position, the yellow marker should be visible distal to
the Guide Catheter tip, but should not be within the Eustachian tube. See Figure 3A.

Note: Do not inflate the balloon if the yellow proximal balloon marker is not visible distal to the

Guide Catheter tip.
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cartilaginous cartilaginous
junction junction
(isthmus) (isthmus)

Yellow marker

Figure 3: A) Balloon Catheter Insertion, and B) Balloon Inflation

4. Inflate the balloon

a. Inflate the balloon per the inflation device instructions for use.

b. As the balloon is inflating, monitor the diameter, shape, and position of the balloon under
endoscopic visualization. Stabilize the handle of the Guide Catheter to minimize slippage of
the balloon out of the Eustachian tube into the nasal canal.

c. Inflate the balloon to the desired pressure. DO NOT exceed the maximum pressure of the
balloon (12 atm).

Note: The recommended total hold time for inflation is two minutes. Users should assess patient

tolerability for this hold time when performing the procedure under local anesthesia.

5. Deflate and remove the balloon

a. Once desired inflation is achieved, deflate the balloon per the inflation device instructions for
use.

b. Additional inflation may be performed if desired, followed by balloon deflation.

c. After the balloon is fully deflated, retract the Balloon Catheter into the Guide Catheter, and
remove the entire system from the patient.

6. If dilating the patient’s other Eustachian tube

a. After removal of the devices from the patient, the devices may be used again in the same
patient on the other Eustachian tube by repeating steps 3-5. DO NOT use the device on a
different patient.

7. Discard device after use

a. After use, the Balloon Catheter and Guide Catheter may be a potential biohazard. Handle

and dispose of in accordance with accepted facility procedures.
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GRAPHIC SYMBOLS CONTAINED IN DEVICE LABELING
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Balloon Dilatation Eustachian Tuboplasty:

A Clinical Study

Thorsten Ockermann, MD; Ulf Reineke, MD; Tahwinder Upile, FRCS; Jorg Ebmeyer, MD;

Holger H. Sudhoff, MD, PhD

Objectives/Hypothesis: To assess the feasibil-
ity of balloon dilatation eustachian tuboplasty (BET)
as an option for treatment of patients with eustachian
tube (ET) dysfunction.

Study Design: Ethics approved case controlled
interventional study.

Methods: Eight patients were identified with
poor ET function using a ET score and were assigned
to the study. The endoscopic procedure involved the
dilatation of the cartilaginous and bony portion of 13
ETs with a balloon catheter. Pre- and postinterven-
tional computed tomography was performed. All
patients were reassessed 1, 2, and 8 weeks after BET.

Results: BET was technically easy to perform.
No damage to essential structures, particularly the
carotid canal, was found in the human study. Patients
revealed a significant improvement of the ET score
comparing pre- and the 2-month post-treatment
results. Improvement was found to be time
dependent.

Conclusions: This newly introduced method of
BET was found to be a feasible and safe procedure to
inflate the ET. It significantly helped to improve ET
function in our study group. However, larger long-
term studies are necessary to fully evaluate the clini-
cal value of BET.

Key Words: Eustachian tube
computed tomography, balloon
tubomanometry, eustachian tube score.
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|in adults ranges about 1% to 5%.

INTRODUCTION
|The incidence of eustachian tube (ET) dysfunction |
Almost 40% of all

children up to the age of 10 years develop at least a tem-
porary dysfunction of the ET.®>* Infantile dysfunction
generally results from adenoid hypertrophy and mucosa
swelling due to infection. When tubal dysfunction is
refractory to medical treatment, ventilation tube inser-
tion into the tympanic membrane (TM) can aerate the
middle ear. Patients with chronic, persistent ET dysfunc-
tion may require repeated grommet insertions.
Long-acting tubes can also be inserted. However, they
are subject to crusting, infection, obstruction, extrusion,
and permanent TM perforation.

ET dysfunction is a frequent problem of childhood,
which may persist into adulthood. The pathogenesis may
be chronic infection, allergy, laryngopharyngeal reflux,
primary mucosal disease, dysfunction of the dilation
mechanism, and anatomical obstruction.’>” ET dysfunc-
tion can lead to different symptoms and diseases, such
as serous otitis media or chronic otitis media with well-
known sequelae.*®

This study investigated the feasibility of balloon
dilation of the ET as a first step for a possible treatment
of ET dysfunction. As a preliminary study we examined
the effect of balloon dilatation in cadavers; this was to
ensure its safety as a technique and to optimize its clini-
cal application. In order to verify the safety of the
balloon catheter procedure, high-resolution computed
tomography scans were performed.

MATERIALS AND METHODS

Patient Selection

Balloon eustachian tuboplasty (BET) was offered as a uni-
lateral or bilateral procedure to eight adult patients (4 male, 4
female) who suffered from symptoms of chronic obstructive ET
dysfunction or had undergone one or more recent tympanoplas-
ties caused by acute relapsing respectively chronic persistent
otitis media with effusion OME as a consequence of obstructive
tube dysfunction. All patients underwent a transnasal endo-
scopic examination of their ETs and microscopic examination of
their ears. The average age of patients was 44.1 years; the
youngest was 21 years old and the oldest was 81 years old. Five
patients had bilateral and three patients had unilateral (two on

Ockermann et al.: Balloon Dilatation Eustachian Tuboplasty
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right and one on left side) ET dysfunction so that 13 ETs were
treated with BET (seven on the right, 6 on the left side). For
the following analysis, each treated ET was used as a single
data case. Six cases had symptoms like feeling of pressure in
the ear during driving uphill, two patients suffered from relaps-
ing acute OME, and five had chronic OME. Seven cases were
pretreated with tympanoplasties, and the other six cases had no
other previous middle ear surgery.

Tubomanometry

To quantify the degree of ET dysfunction it was necessary to
use a methodology that delivered reliable information about the
dynamic capacity of the ET. We used the technique of tuboman-
ometry (TMM) as modified by Esteve (La Diffusion Technique
Francaise, Saint-Etienne, France). The opening of the ET and the
transportation of gas into the middle ear is registered by a pres-
sure sensor in the occluded outer ear after applying the stimulus
of a controlled gas bolus into the nasopharynx during swallowing.
In practice, three excess pressure values are tested subsequently
(30, 40, and 50 mbar). In contrast to older tubomanometric exami-
nation methods, TMM is feasible even when there is no tympanic
membrane perforation in the eardrum, and it delivers specific in-
formation about the dynamics of the ET. The moment of the tubal
opening is shown on a pressure-time diagram according to the
start of the pressure application in the nasopharynx (Fig. 1). In
our study, TMM had to initially show if there is a recordable tube
opening at all. If tube opening is registered, the time of opening in
relation to pressure applied is measured. The TMM calculates the
opening latency index or index R. An R value of <1 indicates early
opening of the tube at the start of application of the stimulus,
which is considered optimal. A value >1 indicates late opening of
the tube occurring after the initial stimulus and is interpreted as
suboptimal. Inability to calculate the index R value indicates that
the tube is unable to actively open at all.?~*?

Eustachian Tube Score

To compare pre- and postoperative results by statistical
analysis, we developed a summation point score for ET function
that relied on the patient’s history and TMM results. The
patients were asked if they noticed a clicking noise during swal-
lowing and Valsalva maneuver. No notice of clicking is
appraised with 0 points, infrequently with 1 point, and all times
noticing of clicking is appraised with 2 points for swallowing
and Valsalva maneuver each. The TMM results, especially the
R values, are weighted as follows: no R with 0 points, R >1
with 1 point, and R <1 with 2 points for the measurements at
30, 40, and 50 mbar, respectively (Table I, Table II) The points
of .these five tests were added so the ET score (ETS) ranges
from 0 (worst value) to 10 (best value).

Clinical Study

To investigate the feasibility of balloon dilation, we estab-
lished a procedure to utilize an inflatable balloon for the
dilatation of the human ET.

Ethics Approval and Consent

Institutional ethics approval was obtained from the
Bochum University ethical committee (3226-08). The principle
of treatment is analogous to the dilatation of the lumen of arte-
rial vessels with percutaneous transluminal coronary
angioplasty and was recently established in the treatment of
chronic obstructive sinusitis. Studies on the balloon sinuplasty
have shown that it is a safe and reliable treatment.'®1* All

Laryngoscope 120: July 2010
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preoperative TMM at 50 mbar
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Fig. 1. TMM result screen before (top) an after (bottom) BET from
the same patient as in Figure 3 and Figure 4.

patients participating in the study were provided with approved
patient information sheets and underwent fully counseled
informed consent. Participants were over 18 years old and not
pregnant.

Balloon Dilatation Eustachian Tuboplasty

Eight patients were transnasally treated with a specially
designed balloon catheter (Spiggle & Theiss, Overath,
Germany). The 600 pm-diameter balloon catheter was intro-
duced through a working channel within a modified
microendoscope (Fig. 2). The balloon, once correctly positioned
in the cartilaginous and bony portion of the ET, was inflated to
a 20-mm length and a 3-mm width to a pressure of 10 bars for
2 minutes using a pressure applicator (Spiggle & Theiss)
(Fig. 3A-3D).

Imaging Study
All patients underwent repeated computed tomography
pre- and post-BET (Brilliance CT 64-channel scanner; Philips,
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TABLE |I.
Eustachian Tube Score.

Symptoms 2 Points 1 Point 0 Points
Clicking noise by swallowing Always Infrequent No clicking
Clicking noise by Valsalva Always Infrequent  No clicking
TMM 30 mbar R<1 R>1 No P
TMM 40 mbar R<1 R>1 No P
TMM 50 mbar R<1 R>1 No P

TMM = tubomanometry; P = opening of Eustachian tube.

Best, The Netherlands) on overlapping scans. Images were ana-
lyzed for any abnormal findings by two independent staff
radiologists (Fig. 4A, 4B).

RESULTS

Pre-BET Evaluation (Table II)

Preoperatively there was no patient who had con-
stant clicking noise and only one patient (who
underwent a bilateral BET) noticed it occasionally in
one ear during swallowing. The clicking noises triggered
by Valsalva maneuver was never noticed in 10 cases, in
two cases it was infrequent, and in one case it was
always noticed. Nine cases showed no opening of the ET
in TMM on the measurements at 30, 40, and 50 mbar.
Two patients had a tube opening in one TMM measure-
ment. One patient showed an opening in all three TMM
measurements, but did not notice clicking noises when
swallowing or performing the Valsalva maneuver. This
patient had undergone bilateral tympanotomies previ-
ously. The mean preoperative ETS of our patients was
1.077 (£0.605 standard deviation [SD]) (Fig. 5).

Practical Application

Using a modified endoscope with suction and a
working channel, we encountered no technical difficul-
ties when identifying the pharyngeal ET orifice in the

eight patients investigated. The endoscope tip was
placed adjacent to the pharyngeal ostium of the ET in
the first instance. Then the balloon catheter was gently
pushed through the working channel of the endoscope,
under vision, 2 cm into the ET (Fig. 3A-3D).

After the balloon had been positioned correctly, the
dilation was applied with saline solution up to a pres-
sure of 10 bars for 2 minutes using a manometer gauge.
Then the solution from the balloon was aspirated and
the catheter removed carefully under endoscopic control
to complete the procedure.

The placement of the catheter via the guiding endo-
scope was successful in all eight patients treating 13
ETs. After the correct placement adjacent to the ostium,
the balloon catheter was pushed forward by an assistant
without resistance. There were no obvious complications,
such as trauma to the tympanic membrane, bony frac-
ture, or balloon failure during the procedure.

Imaging Study

Predilatation computed tomography did not show
any significant findings (Fig. 4A). There was no evidence
for carotid artery aneurysms, tumors, or malformations
in the course of the ET. Postdilatation computed tomog-
raphy revealed no evidence for a change of the bony
lumen of the ET. No fractures could be identified on
review of magnified overlapping reformatted scans
(Fig. 4B).

Post-BET Evaluation

Postoperative follow-up examinations were per-
formed at 1, 2, and 8 weeks after BET and showed
improving ETS in all cases. After 1 week, the mean ETS
was at 4.154 (=3.023 SD) and ET opening was found in
seven cases in all three TMM measurements (30, 40,
and 50 mbar). Two weeks after BET, the ETS was at
5.846 (+2.609 SD), and after 8 weeks ETS was at 7.539
(£1.391 SD). The clicking noise triggered by swallowing

TABLE II.
Overview of All 13 Treated Cases (8 Patients) Preoperative.
Clinical T™MM
Patient Side Swallow Valsalva 30 mbar 40 mbar 50 mbar Score
1 Right No Infrequent No P No P No P 1
2 Left No No 3.91 No P No P 1
3 Right No No No P No P No P 0
3 Left No No No P No P No P 0
4 Right No Infrequent No P No P No P 1
4 Left No No 0.9 No P No P 1
5 Right No No No P No P No P 0
5 Left No No No P No P No P 0
6 Right Infrequent No No P No P No P 1
6 Left No No No P No P No P 0
7 Right No No No P 0,53 No P 1
7 Left No No 0.96 0.5 0.56 6
8 Right No Always No P No p No P 2

TMM = tubomanometry; P = opening of Eustachian tube.
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Fig. 2. The modified microendoscope with a straight working
channel for the balloon catheter and a suction channel. The light
cable is attached to the ocular.

(an indication of ET opening) was noticed in 11 cases
(five all times, six infrequent) and in 12 cases triggered
by the Valsalva maneuver (five all times); in only one
case it did not produce the clicking noise.

A
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The Scheffé statistic test showed significant differ-
ences (P < .05) between the mean ETS pre-BET and
follow-up examinations after 1, 2, and 8 weeks (Fig. 6).

The question of whether patients would undergo
the procedure again was answered positively by all
patients. There were no intra- or postoperative complica-
tions. The procedure was neither painful nor irksome.

DISCUSSION

The evolution of endoscopic transnasal surgery com-
bined with applications of inflatable balloons in
cardiology and recently sinus surgery has opened up
new treatment options. A new technique of endoscopy of
the ET was developed by Yamashita in 1983 using a flex-
ible fiberscope with an instrument channel for
insufflation of air to expand the tubal lumen.'® Further
progressive miniaturization of flexible fiberoptic systems
has made it possible for the first time to perform atrau-
matic endoscopy of the ET and tympanic cavity with the
ear drum intact as shown by Hopf and coworkers.'®
With the aid of special actively steerable microcatheters,
flexible fiberscopes with outer diameters of 350 to 650
um are inserted into the opening of the nasopharyngeal
tube and advanced into the tympanic cavity under direct
visual control. However, all of these studies did not aim
to treat ET dysfunction.'”

Fig. 3. The sequence shows the
microendoscopic view of catheter
insertion to the pharyngeal orifice of
the eustachian tube and inflation to
10 bars afterward. The operation was
performed on a 35-year-old male
patient who suffered from obstructive
eustachian tube dysfunction; unilat-
eral right-side tympanoplasty had
been performed 2 years earlier.
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Fig. 4. Oblique axial computed to-
mography scans from the same
patient as in Figure 3 of the eusta-
chian tube before (A) and after (B)
BET. No significant anatomical
changes were found, especially no
damage in the area of the carotid
artery.

Numerous surgical procedures have been developed
in an attempt to correct chronic ET dysfunction. Because
the bony isthmus is the narrowest portion of the tubal
lumen, it has been implicated historically as the primary
site of ET dysfunction. Therefore, the vast majority of
surgeries previously described have involved techniques
to widen the osseous portion of the ET.!® Zgllner and
Wullstein tried to improve ET function by using silk
threads or later polyethylene tubes or drilling the bony
tube via a middle ear approach.'®1?

In 1966, William F. House and coworkers intro-
duced a eustachian tuboplasty via a middle fossa
approach.?’ However, this method was discontinued due
to its very invasive character.

Recently Poe and coworkers investigated the feasi-
bility, safety, and efficacy of a new endoluminal ET
operation for the treatment of ET dysfunction.?! Their
preliminary results suggest that laser eustachian tubo-
plasty (LETP) is safe and efficacious in the treatment of
intractable ET dysfunction. A follow-up study concluded
that LETP combined with appropriate medical manage-
ment may be an effective treatment in select patients
with chronic persistent ET dysfunction.??

ET dysfunction has often been regarded as a black
box in which the function of the system remains unclear.
It has become increasingly clear that there is a spectrum
of dysfunction and that identification and treatment of
the etiology of this dysfunction may provide clinical
improvement.%?2

O =B N W s U O

0 1 2 3 4 5 6 7 8 9 10
ETS

Fig. 5. Preoperative frequency scale of eustachian tube score
(ETS) (n = 13).
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An awareness of the proximity of the internal ca-
rotid artery is of significant clinical importance in order
to avoid the catastrophic injuries and deaths that have
been anecdotally reported in the past during patulous
ET injection procedures.®?® However, this injury was
found not to occur in our cadaveric study on high-resolu-
tion tomography and temporal bone histopathology
probably due to the physiological pressure evenly
applied by the dilating balloon. The lack of significant
mucosal injury is also of clinical importance to avoid
postdilatation strictures.

Our initial preclinical results of the investigation of
the role of BET in the clinical treatment of ET dysfunc-
tion are promising.

mean
ETS
10,00 =
7.50 _
[ ]
5,00
[ ]
2,50 =
0.00 =
L] 1 I 1
0 1 2 8
follow-up
weeks after BET

Fig. 6. Diagram of eustachian tube score (ETS) means and stand-
ard deviations preoperatively and postoperative follow-up exami-
nations after 1, 2, and 8 weeks. All follow-up values are significant
compared preoperative ETS (P < .05, Scheffé test)
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CONCLUSION

We have presented a novel technique to perform
minimally invasive surgery on the cartilaginous and
bony ET for the improvement of ET dysfunction. We
used a balloon catheter with a modified endoscope to
widen the cartilage and bony lumen of the ET. This tech-
nique was performed in a human cadaver study before
pilot clinical trials. Complications as investigated by
high-resolution imaging and histology were minimal.
This newly introduced method seems to be a safe and
feasible procedure to dilate the ET. The results of this
preliminary clinical trial suggests that BET is an option
in the treatment of ET dysfunction. Clinical results after
2 months show increased ET function when objectively
measured with tubomanometry (modified by Esteve) to
calculate the ET function score.
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