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LIST OF ABBREVIATONS

dB - decibel

BET - balloon Eustachian tuboplasty
ET - Eustachian tube

ETD - Eustachian tube dysfunction
LET - laser Eustachian tuboplasty
OME - otitis media with effusion
PSEQ - perfect sequences

PTA - pure tone average

SPSS - statistical package for social sciences



1. INTRODUCTION

An impaired Eustachian tube is closely linked with such middle ear
diseases as chronic otitis media, tympanic membrane perforation, secre-
tory otitis, or cholesteatoma, yet the origin of the pathology and the role
of the ET in the pathogenesis remain unclear to this date. Eustachian
tube (ET) dysfunction is most common in children and almost 40 per
cent of children under 10 years of age experience temporary ET dys-
function. In adults this condition is relatively rare and it is believed that
prevalence of ET dysfunction ranges from 0, 9 to 5 per cent.

Objective high-quality and technically simple tests for ET function
can be clinically essential in order to better understand the pathogenesis
and stages of and to determine the treatment for these diseases. Knowl-
edge about the ET function would be beneficial in planning surgical
treatment of the middle ear and inferring outcomes of such treatment. In
recent years, a number of clinical articles have presented data on a range
of distinct ET test methods like sonotubometry, tubomanometry, mano-
metric tests, tensometry, CT, and MRI, however there is no consensus
on their application and use in daily practice. Most testing methods are
subjective and non-specific, likewise objective methods are insufficiently
standardised and they poorly correlate with the clinical picture or are
non-physiological, therefore employed only under certain pathological
conditions. Among the many studies, there is no ‘golden standard’ which
could be widely used and serve as a benchmark to all.

Even though a number of clinical trials have been carried out to eval-
uate the effectiveness of the test and sonotubometry is rightly recognized
as an objective and physiological test of Eustachian tube function, in clin-
ical practice it has not become widespread and it is not used. The mea-
surements obtained can sometimes be interfered with due to noise pol-

lution from the nasopharynx because of saliva movement during swal-
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lowing; therefore artefacts are recorded. In other cases, additional curves
of unknown origin may be generated and they are difficult to interpret.
When performing different maneuvers during the course of measure-
ment (dry swallowing, water swallowing, Toynbee maneuver, yawning),
the spectrum of results differ quite a lot. One of the possible drawbacks
of sonotubometry is that the inconsistent results may by caused by the
properties of the acoustic signal itself (commonly the test uses an 8 kHz
signal). Recently, for sonotubometric examination, a specific broadband
class of signals, the so-called perfect sequences (PSEQ) was offered and
successfully proved results of objective ET openings. It can be assumed
that the use of PSEQ signal may improve results and improve the validity
and reliability of the test.

Treatment options for causative ETD are limited and there is no
unified approach to a well-defined and established treatment strategy.
Absence of adequate methodology is observed, and the effectiveness
of many therapies is questionable or limited. Since endoscopy has be-
come more available, it has led to an increase in detailed examination
and treatment of nasopharynx and ET pharyngeal orifice inlet. Over the
past decade, the newly introduced surgical laser Eustachian tuboplasty
(LET) is a promising method to treat causative chronic middle ear dis-
eases. However, to this date the attitude to this treatment methodology
has been ambivalent and irresolute. Various authors receive quite differ-
ent treatment efficiency results and it is believed that a successful out-
come can be expected in 36-92% cases. Such different outcomes may be
due to the heterogeneous nature of patient populations and differences
in survey methods or criteria to evaluate the results. In most cases, LET
results were evaluated in patients with both acute and chronic secretory
otitis forms, while treatment was conducted in patients with various
forms of chronic otitis (retraction, atelectasis, mucosal otitis, etc.). For

these reasons, LET has not found a clearly defined position in treating
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chronic ear diseases. In recent years, the new ETD methodology called
balloon Eustachian tuboplasty (BET) has slowed down research in LET
application because the former methodology is safe and efficient (about
80%) and it is suitable for children and adults. Given the fact that BET
is a expensive procedure requiring disposable means and sets of instru-
ments, LET can be an optimal and inexpensive alternative to effectively
treat patients with chronic serous otitis media once proper selection of

patients is conducted and indications are clearly defined.

THE AIM OF THE STUDY

To determine the effectiveness and prognostic criteria for the surgical
treatment of chronic secretory otitis media by applying laser Eustachian
tuboplasty and to establish functional changes in the ET function by em-

ploying objective diagnostic methods.

OBJECTIVES OF THE STUDY

1. To establish the rate variation of sonotubometry with perfect se-
quences in healthy adults and to identify an optimal and technically
simple test to provoke Eustachian tube openings.

2. To assess the research data related to sonotubometry with perfect se-
quences in patients with nasal obstruction.

3. To examine the relationship between Eustachian tube function and
chronic middle ear diseases by applying sonotubometry with perfect
sequences (PSEQ).

4. To assess the effectiveness of surgical treatment of chronic secretory
otitis media by applying laser Eustachian tuboplasty.

5. To determine factors which influence the results of the surgical treat-
ment of chronic secretory otitis media through laser Eustachian tu-
boplasty.



THE SCIENTIFIC NOVELTY OF THE STUDY

The research determined functional parameters for ET sonotubom-
etry with PSEQ acoustic signal in healthy subjects and those with nose
and middle ear pathologies. Characteristics for patients with nasal ob-
struction and those with chronic otitis media were assessed. Etiopatho-
genetic, diagnostic and clinical factors and patterns of applying surgical
laser Eustachian tuboplasty to treat chronic secretory otitis media were
assessed. The research clarified significant criteria that help to predict
outcomes of such surgical treatment. A complex study scheme was pre-
pared to facilitate reliable assessment of the patient’s condition and em-
ployment of an optimal method of treatment.

No data on objective ET function tests or information on the clini-
cal application and results of laser Eustachian tuboplasty have been ac-
quired in the lithuanian scientific medical literature.

PRACTICAL VALUE

A novel objective test based on sonotubometry using PSEQ stimuli
was researched and introduced in Lithuania in order to examine the ET
function. Sonotubometry with PSEQ stimuli can be employed for diag-
nosing middle ear diseases, in differential diagnosis as well as in selecting
treatment methods and evaluating and predicting treatment outcomes.
The research assessed possibilities to examine the ET function in healthy
subjects as well as in patients with difficulty breathing through the nose
and in those with chronic middle ear otitis media. The study is objective,
easily performed and applicable in everyday clinical otorhinolaryngo-
logical practice.

A novel causal treatment for chronic secretory otitis media has been
researched and introduced in Lithuania by way of applying laser Eusta-
chian tuboplasty. Prior ineffective, now this treatment enables to achieve
good results in patients with chronic secretory otitis media. An original
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scheme how to examine and treat ET dysfunction has been developed
and it includes indications for surgical treatment. Practical plans have
been introduced in the Ear, Nose and Throat Clinic of Vilnius University
Hospital. Complex schemes customization yields treatment outcomes of
chronic secretory otitis media in cases where treatment through tympa-
nostomy operation is ineffective. In addition, by applying these schemes
complications of treatment are prevented, medical costs are reduced and
patients’ treatment time is shortened.

HYPOTHESIS

A hypothesis is that in case the nasopharyngeal endoscope does not
record the ET valve opening in patients with chronic secretory otitis me-
dia, treatment through laser Eustachian tuboplasty can be effective.

STUDY PROGRAMME

Given the goals and objectives, the following research programme
was set out and it included several stages:
1. The selection of the study groups which meet the certain inclusion
criteria,
2. The application of sonotubometry with perfect sequences (PSEQ) in
order to assess the function of the Eustachian tube (ET):
a) in healthy individuals,
b) in persons with nasal obstuction,
¢) in patients with chronic secretory otitis media in case the condi-
tion can be etiologically related to the ET dysfunction.
3. The evaluation of the nasopharyngeal videoendoscopy data in pa-
tients with rhinologic and otological pathology.
4. The identificaton of factors which significantly predispose to the out-
comes of the sonotubometry.
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5. The pre-treatment analysis and assessment of the questionnaire, the
ear and nasopharyngeal videoendoscopy and the ET function in pa-
tients with chronic secretory otitis media.

6. The treatment of chronic secretory otitis media through surgical laser
Eustachian tuboplasty.

7. The assessment of the questionnaire, the ear and nasopharyngeal vid-
eoendoscopy and the ET function in patients with chronic secretory
otitis media after performing surgical laser Eustachian tuboplasty.

8. The identification of factors which significantly predispose to the
outcomes of the treatment of chronic secretory otitis media through
surgical laser Eustachian tuboplasty.

2. MATERIAL AND METHODS OF THE STUDY

The study was carried out in the Ear, Nose and Throat Clinic of Vil-
nius University Hospital in 2010-2015. The study was approved by Vil-
nius Regional Biomedical Research Ethics Committee (Permission No
158200-13-575-170).

The study consisted of two parts. In the first part of the study, in order
to objectively assess ET function, PSEQ-based sonotubometry results
were assessed in healthy persons and in patients with ET dysfucntion.
The parametres of the study were set, the optimal dynamic tests were de-
signed, the rate options and features for patients with nasal obstruction
and chronic middle ear disease were determined. All subjects were per-
formed comprehensive examination which included collection of anam-
nestic data, otoscopy, rhinoscopy, tympanometry, Valsava test and sono-
tubometry using PSEQ stimuli, whereas patients with nasal obstruction
and middle ear pathology underwent an additional test using nasal and
nasopharyngeal videoendoscopy.
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The second part of the study was aimed to causally assess the effec-
tiveness of surgical laser Eustachian tuboplasty in patients with chronic
secretory otitis media; prior to entry into the study these patients en-
dured lengthy and ineffective treatment with other methods. The sub-
jects underwent detailed preoperative and postoperative examination;
treatment effectiveness was assessed and predisposing factors were ana-
lyzed. The comprehensive study included collection of anamnestic data,
otoscopy, rhinoscopy, laryngoscopy, tympanometry, pure tone audiom-
etry, Valsava test, nasopharyngeal and ET retropharyngeal videoendos-
copy, and sonotubometry using PSEQ stimuli.

During the research work 310 persons were examined. In the first
part, sonotubometric parametres were examined in 105 healthy subjects.
In order to assess the correlation relationship and characteristics of the
sonotubometry results in persons with nasal obstruction or middle ear
pathology and perfect sequences (PSEQ), 47 patients suffering from na-
sal obstruction and 43 with OME were studied. In this study, the control
group consisted of 39 individuals who had no previous history of ear
disease and had no otological complaints. In the second part, in order
to assess the effectiveness of surgical laser Eustachian tuboplasty in pa-
tients with chronic secretory otitis media 37 patients were examined and
performed unilateral and bilateral surgical laser Eustachian tuboplasty
(a total of 51 laser Eustachian tuboplasty operations). The control group
consisted of 39 patients who underwent a total of 53 tympanometry op-
erations.

Research methods

The middle ear tests

Otoscopy. Otoscopy was performed with 30° or 0° 2,7 mm or 4 mm
endoscope (Karl Storz, Tuttlingen, Germany/ Olympus, Tokyo, Japan).
The eardrum position and structure were inspected.
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Immpedansometry. Impedansometry was done using “Interacous-
tics AT235” (Interacoustics A/S, Middelfart, Denmark). In assessing
the tympanograms a modified Jerger classification was used (Jerger J.,
1970). The curve types: A (from 50 to -100 daPa, height - >0,2ccm), B
(flat curve, height - <0,2ccm), C1 (from -101 to -200 daPa, height - > 0,2
ccm), C2 (< - 201 daPa, height - > 0,2 ccm).

Pure tone audiogram. Pure tone audiogram was conducted using the
“Interacoustics AC 40” clinical audiometer, calculating average PTA-
ABG. The hearing results were evaluated according to the guidelines of
Committee on Hearing and Equilibrium.

The Eustachian tube tests

Valsalva maneuver. The maneuver is performed by pressing one’s nose
shut, closing one’s mouth and then pressing out air through one’s ears.
After purging one must feel a snap, then the test is viewed positively.
The test is evaluated as positive or negative, while the purging quality is
determined subjectively by the subject themselves.

Sonotubometry. Sonotubometry device. In the current study the so-
notubometry technology with PSEQ stimuli was employed according to
A. Telle et all. With consent and permission of the authors, the sonotu-
bometry device was constructed by the authors of this study. The sys-
tem was connected to a computer with the SonoTube software installed.
For acoustic stimulation, the external sound card PreSonus FIREBOX
was used (PreSonus FIREBOX, Inc., Baton Rouge, Louisiana, USA). To
send stimulus signals, professional headphones were tuned (Shure E3,
Heilbronn, Germany; frequency response from 25 Hz to 18.5 kHz). The
headphones were attached to a specially adapted nozzle which could be
inserted into the nasal vestibule. For pervasive signals, the sound had
an intensity level of 71 dB. To record sound, a miniature microphone
was used (Sennheiser KE 4, Wedemark, Germany; frequency response
from 20 Hz to 20 kHz). In order to capture the sound energy transmitted
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from the speaker to the microphone, a sonotubogram was drawn. As
the acoustic stimulus signal, a novel specific broadband class of signals,
the so-called perfect sequences (PSEQ) were used. Being periodic and
deterministic random noise signals, PSEQ signals have an ideally have
a flat spectrum. With PSEQ signals, all frequency components (0 - 24
kHz) are stimulated equally during every period.

Measurement procedure. The testing was conducted with the subject
sitting in a quiet room. Headphones with a special nozzle were placed
into the nostril on the opposite side of the investigative ET. 15-second
long sounds were produced for each measurement cycle at a sound in-
tensity pressure level of 71 dB. A miniature microphone was inserted
into the outer ear canal and it recorded signals transmitted from nose
to ear. After measuring one ear, the testing sides were switched. Three
different consecutive maneuvers were performed: dry swallowing, water
swallowing with a small (2 ml) water bolus and water swallowing with a
large (5 ml) water bolus. 10 cups with the 2 ml water bolus and 10 cups
with the 5 ml water bolus, were presented to the individual for the water
swallowing maneuver, in order to swallow equal size sips of water. In
order to measure each maneuver, the subjects were instructed to swallow
10 times. The tests were repeated until the subject swallowed 10 times
for each maneuver. Consecutively, each subject performed 60 swallow-
ing maneuvers, with 30 for each ear. As the quality of the research may
be conditioned by a number of factors affecting the nature of the sound,
or on the patient’s ability to correctly perform an intricate and demand-
ing series of 60 test maneuvers, in cases of obviously visible artefacts or
when the sonotubograms did not record, the test was repeated. Mea-
surement. Each measurement was recorded digitally and presented on a
computer screen as a diagram (sonotubogram). On the x-axis, time was
registered in milliseconds and on the y-axis, the ordinate change in the

sound intensity in the outer ear canal was measured using a logarithmic
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dB scale. Each sonotubogram was analyzed and the following factors
were taken into consideration: the number of ET openings produced
against the number of tests maneuvers performed, the amplitude and
duration of each registered opening, and the form of the resulting curve.
An amplitude of >5 dB was required to classify a curve as an opening
of the ET. Values of the amplitude and duration of each measured ET
opening were calculated. The curves were classified into 1 of 4 differ-
ent forms: 1) spikes with a sharp curve rise and a descent and including
one clear peak, 2) double-peaks when the crest curve has a double peak,
3) descending curves with a wider base and going downward gradual-
ly, 4) plateau curves with a broad base and going downward suddenly

(Figure 1). All ears were analyzed as separate independent objects.

Spike type Double peak type

1 ] Mt Lo 13 oLl 0 P [ o e el f I (-

I The average amplitude(dB) I

Descendant type

Plateau type

— v W oy

Figure 1. Sonotubograms curves types.
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Nose and nasopharyngeal tests

Rhinoscopy and videoendoscopy. Rhinoscopy was performed using a
2.7 mm diameter rigid 30-degree endoscope (Olympus, Tokyo Japan).
The rhinoscopy examined changes in the nasal and nasopharyngeal mu-
cous membrane as well as possible causes and degree of the nasal ob-
struction (deviation of the nasal septum, i.e. absent, small, pathological;
the lower shell condition, i.e. normal, mild edema, obstruction). The na-
sopharyngeal videoendoscopy evaluated the nasopharyngeal lymphoid
tissue (yes/no), mucosal edema (yes/no), and in the ET pharyngeal site:
lymphoid tissue (yes/no), mucosal edema (yes/no) and the quality of the
opening (opens/does not open). ET valve opening was examined by in-
serting the endoscope deep into the nose and then turning it slightly up
in the front part of the entry so that the valve lumen could be exposed.
To stimulate the opening, two tests were performed, namely pronounc-

ing the letter ‘K and swallowing saliva.
Laryngeal tests

It is performed using Karl Storz endoscope to evaluate pharyngo-
laryngeal mucosal changes and gastroesophageal reflux symptoms (rate,
redness, swelling, hypertophy).

Patients” study was conducted by using a study scheme which then
served as a base for a data recording questionnaire. The study included
patients from different regions of Lithuania who had been treated in the
Ear, Nose and Throat Centre of Vilnius University Hospital Santariskiu
Clinic.

All the subjects had been surgically treated for chronic secretory oti-
tis media more than once by repeatedly applying tympanostomy without
long-term clinical effect. Upon endoscopy;, all the subjects were suspect-
ed to have the obstruction of retropharyngeal ear opening and ET valve

area.
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Criteria for selecting the study participants:

1) otoscopically visible fluid in the tympanic cavity,

2) atleast two tympanostomy operations in the anamnesis,

3) during nasopharyngeal videoendoscopy, not detected opening of

the ET pharyngeal orifice.

To diagnose chronic secretory otitis media, the patients’ study includ-
ed collection of anamnestic data, otoscopy, rhinoscopy, laryngoscopy;,
tympanometry, pure tone audiometry, Valsalva test, nasopharyngeal and
ET videoendoscopy, and sonotubometry using PSEQ stimuli.

Medical anamnesis data. The subjects were assessed anamnestically
on the presence of previous tympanostomy operations (2 times, 3 times,
4 times), other diseases / disorders (gastroesophageal reflux, chronic
sinusitis, chronic rhinitis), previous operations (adenotonsillectomy,
septoplasty, ethmoidectomy), chronic otitis symptoms (yes/no), most
troublesome symptoms (ear congestion, poor hearing, tinnitus), all
complaints (ear congestion, poor hearing, autophonia, tinnitus, feel-
ing of fluid overflow, popping), the quality of breathing through nose
(good, satisfactory, unsatisfactory), allergy symptoms (experienced, not
experienced), antihistamine use (yes/no), anti-reflux treatment (yes/no),
disease duration (up to 5 years, > 5 years), smoking (yes/no).

The course of laser Eustachian tuboplasty (LET). It was performed
under general intubation or local intubation anesthesia (sol. lidocaine
2%). Before surgery, a gauze pad is used (tetracaine 0.5% and adrenaline
0.001% solution) and it is inserted deep into the nasopharynx 20 min.
before the operation. All patients received endonasal surgery through
nostrils. During the operation, rigid endoscopes (30 degree, in diameters
of 3 mm or 2.7 mm, Karl Storz, Tuttlingen Germany/ Olympus Tokyo Ja-
pan) were inserted into the nose. Depending on the anatomical features
of the nasopharynx, the endoscope is inserted either into the opposite

nostril of the surgical side or into the same nostril together with the laser
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tip. With the endoscope, the ET valve is visualized, after which the car-
tilaginous part of the medial plate is identified with the instrument. The
plate is treated as the sign and anatomical mark for the surgical manipu-
lation position. During the operation, the CO2 laser is used (Lumenis
Israel) at a power setting of 2-4W every 0.2 s ongoing pulse or the 980-
nm diode laser is applied (Lasering Italy) at a power setting of 4W every
0.2 s long ongoing pulse at 0.8 s intervals.

Upon completion of the laser Eustachian tuboplasty, tympanostomy
of the damaged ear was performed by inserting a Shepard-type tympa-
nostomy tube in the anterior quadrants of the eardrum.

Evaluation of laser Eustachian tuboplasty results

The treatment results were evaluated after 1 month and 12 months
after surgery and then every 6 months. The latest recent available data
was used to undertake the final assessment of the treatment effect. The
effectiveness was assessed based on otoscopy, tympanogram and pure
tone audiometry results, Valsava test, and nasopharyngeal videoendos-
copy. The patients were required to evaluate their condition subjectively
as recovered, improved or unchanged. The tympanostomy tube was re-

moved under local anesthesia after 6 months after surgery.
The objective assessment of treatment results

Recovered:

o <10 dB air-bone gap in the pure tone audiogram plus
o A-type tympanogram plus

« no fluid in the tympanic cavity otoscopically.

Improved:
o 10-20 dB air-bone gap in the toned threshold audiogram plus

o positive Valsalva test.
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Unchanged

+ B-type tympanogram and negative Valsalva test or
« 30 dB air-bone gap in the pure tone audiogram or
o fluid in tympanic cavity otoscopically.

Control group

The control group consisted of 39 subjects. The selection criteria were
the following:
« secretion behind the eardrum cavity, observed during the
otoscopic examination,
« at least one tympanostomy operation recorded in the anamnesis.

The control group was evaluated based on collected anamnestic
data, otoscopy, rhinoscopy, laryngoscopy, tympanometry, pure tone
audiometry, Valsalva test, nasopharyngeal and ET retropharyngeal
videoendoscopy, and sonotubometry using PSEQ stimuli. The control
group were performed tympanostomy by microscopic incision in the
anterior eardrum quadrants and placing a Shepard-type ventilation
tube. The tympanostomy tubes were removed after 6 months after
surgery. The treatment results were evaluated after 1 month and 12
months after surgery and then every 6 months. The latest recent available
data was used to undertake the final assessment of the treatment effect.
The effectiveness was assessed based on otoscopy, tympanogram
and pure tone audiometry results, Valsalva test, and nasopharyngeal
videoendoscopy, and sonotubometry using PSEQ stimuli. The patients
were required to evaluate their condition subjectively as recovered,
improved or unchanged.

Statistical analysis of the data

Statistical data analysis was performed with the help of SPSS 23.0 for
Windows and ,,Excel for Windows” program batches. For describing
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quantitative indicators the total number of observations was calculated,
the average, the standard deviation, minimal and maximal meanings.
Qualitative indictors were described by providing their distributions
in percent. Pursuing to compare quantative indicators among the two
groups parametric Student t criteria was applied. In comparing of two
qualitative indicators chi square (x2) criteria was applied. For assessing
the impact of interaction of prognostic factors on LET effectiveness
simple logistic regression model was applied. Differences were considered
statistically significant, if the probability meaning p of the error is < 0,05.

3. RESULTS

3.1. Eustachian tube opening measurement by sonotubometry
using perfect sequences for healthy adults

The testing was conducted on 105 individuals (33 females (31.4%) and
72 males (68.6%)). All of individuals were able to complete the test. The
average age of the subjects was 26.03 (SD +6.20) (range 19-53 years). A
total of 60 measurements were performed on each individual (3 test ma-
neuvers, 10 swallowing events, 2 ears per individual). In total, 6,300 mea-
surements were performed. Using this sonotubometry methodology, in
6,180/6,300 measurements (98.1%) objective ET openings were registered,
which qualified them as valid and corresponding to the criteria. Out of all
not detected Eustachian Tube openings, almost half were reported during
low-sip water maneuvers (49.17%), 30% occurred during large-sip water
test maneuvers, while concealed ET openings during dry saliva swallow-
ing test maneuvers constituted only 20.83%. The results obtained as related
to the mean ET opening duration and the mean sound wave amplitude are
presented in Table 1 (Table 1). The maximal and minimal opening dura-
tion and amplitude for various maneuvers are presented in Table 2 (Table

2). A comparison of different maneuvers showed no significant difference
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(P > 0.05). By form, the sonotubometry curves are summarized in table
3 (table 3). Examples of types of sonotubometry curves are presented in
Figure 2. Curve shape did not depend on subject age, sex, test maneuver
type, amount of water, nor the size of a sip (P > 0.05).

Table 1. Mean results of the sonotubometry for all test maneuvers (p > 0.05).

Average sound

Test maneuver Mean ET OPENINE | vave amplitude
duration (ms)
(dB)
Dry swallowing 284 (SD+ 100) 13.90 (SD+ 6.74)
2 ml water swallowing 263 (SD+ 93) 12.54 (SD+ 6.27)
5 ml water swallowing 264 (SD+ 92) 13.38 (SD+ 6.39)

Total average for all test maneuvers 270 (SD=+ 96) 13.48 (SD+ 6.57)

Table 2. The maximal and minimal opening duration and amplitude for various

test maneuvers (p>0,05).

ET opening Sound wave amplitude
Test maneuver duration (ms) (dB)
min max SD min max SD
Dry swallowing 80 620 0.09 5.01 38.93 6.74
2 ml water swallowing 60 680 0.09 5.01 | 34.84 | 6.54
5 ml water swallowing 100 700 0.09 5.01 | 37,08 | 6.38

Table 3. Different sonotubogram types associated with different test maneuvers
(P> 0.05).

Test maneuver Sonotubogram type (%)
Spike | Double- | Descen- | Plateau
peak dant
Dry swallowing 50.95% | 23.33% | 17.14% | 7.62 %
2 ml water swallowing 44.29% | 32.38% | 13.81% |13.81 %
5 ml water swallowing 49.05% | 27.14% | 12.86 % |10.00 %
Total average for all test maneuvers | 52.38 % | 27.62 % | 14.60 % | 8.25%
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3.2 Eustachian tube opening measurement by sonotubometry
using perfect sequences for patients with nasal obstruction

The testing was conducted on 47 individuals with nasal obstruction
(15 females (31.9%) and 32 males (68.1%)). All of them were able to
complete the test. The average age of the subjects was 38,17 (SD +9,63)
(range 20-60 years). A total of 10 measurements were performed on each
individual (dry saliva test maneuver, 5 swallowing events, 2 ears per in-
dividual). In total, 470 measurements were performed.

The testing was conducted on 39 healthy individuals of control group
(21 females (53,8%) and 18 males (46,2%)). All of them were able to
complete the test. The average age of the subjects was 26,66 (SD +7,83)
(range 20-51 years). A total of 10 measurements were performed on each
individual (dry saliva test maneuver, 5 swallowing events, 2 ears per in-
dividual). In total, 390 measurements were performed. The findings dur-
ing nasopharyngeal endoscopy are summarised in table 4.

Using this sonotubometry methodology the openings were not
detected for 31, 9 % of the nose obstruction patients and for 6,4 % of
healthy individuals (p<0,001). The results obtained as related to the
mean ET opening duration and the mean sound wave amplitude are
presented in Table 5 (Table 5). Curves types are summarized in figure 2.
Characteristics of the ET openings are summarized in table 6. Correla-
tion of different factors and PSEQ sonotubometry results is summarized
in table 7.
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Table 5. Mean results of the sonotubometry for nose obstruction and healthy

individuals
Mean ET Average sound
PSEQ sonotubometry opening wave 4
duration (ms) amplitude (dB)
Nose obstruction group 280(SD+147) 10,35(SD+ 4,86)
0,731 0,411
Healthy individuals group | 274(SD+153) 12,26(SD+ 5,40)

60% 1

50%

40%

30%

Patients, %

20%

10%

0%

p=0,464
54.80%
¥ nose obstruction group
43.90% healthy individuals control group
p=0,595
31.50%
25.80%
p=0,055
p=1,000 12.10% p=0.160
9.10% 8.20% 9.10%
2.70% I 2.70%
spike type double peak type descendes type plateux type multiple type

Sonotubograms curves types

Figure 2. Curves types for nasal obstruction and healthy individuals
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Table 6. Characteristics of the PSEQ sonotubometry ET openings in nasal

obstruction and healthy individuals groups

Nasal Healthy
obstruction individuals
Sonotubometry parametre study group | control group P
(n- number (n- number
of cases) of cases)
ET openings were B o B N
ot doteeted (n=30)31,9% | (n=5)6,4% |<0,001
Average sound wave
amplitude (dB) 10,35(SD+ 4,86) |12,26(SD+5,40) | 0,411
Cases, then wave amplitude (n=39)41,5% | (n=52)66.7% | 0,071
>10 (dB) TR TR D
Cases, then wave amplitude _ 0 _ 0
5-10 (dB) (n=25)26,6% (n=21)26,9% | 1,000
Mean opening duration (ms) 280(SD+147) | 274(SD+153) | 0,731
Detected 5 openings from (n=47)50,0% | (n=66)84,6% | 0,039
5 meneuvers
Detected 4 openings from (n=7)7,4% (n=3)3.8% | 0,515
5 meneuvers
Detected 3 openings from (n=5)5,3% (n=2)2,6% | 0,462
5 meneuvers
Detected 2 openings from (n=3)3,2% (n=1)13% | 0,628
5 meneuvers
Detected 1 opening from (n=2)2,1% (n=1)1,3% 1,000
5 meneuvers
Spike type sonotubogram (n=29)43,9% | (n=40)54,8% | 0,464
Double peak type sonotubogram (n=17)25,8% (n=23)31,5% | 0,595
Descendes type sonotubogram (n=6)9,1% (n=6)8,2% 1,000
Plateau type sonotubogram (n=8)12,1% (n=2)2,7% | 0,055
Multiple type sonotubogram (n=6)9,1% (n=2)2,7% 0,160
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Table 7. Correlation of different factors and PSEQ sonotubometry results in nose

obstruction group

Factor Detected p

(n- number of cases) openings (x2)
Age
20-50 years (n=78) (n=78)67,9% 0,950
>50 years (n=16) (n=11)68,8%
Gender
female (n=30) (n=23)76,7% 0,163
male (n=54) (n=41)64,1%
Breathing through the nose
good (n=2) (n=2)100% 0,014
moderate (n=18) (n=17)94,4%
severe obstruction (n=74) (n=45)60,8%
Nasal septum deviation
norm(n=6) (n=5)83,3% 0,001
physiological(n=20) (n=20)100%
pathological(n=68) (n=39)57,4%
Inferior turbinates’ hypertrophy
no (n=6) (n=60)100% <0,001
moderate (n=60) (n=48)80%
obstruction of the meatus (n=28) (n=10)35,7%
Symptoms of gastroesophageal reflux
no (n=82) (n=59)72% 0,036
yes (n=12) (n=5)41,7%
Anamnesis of allergy
yes(n=20) (n=55)74,3% 0,013
no(n=74) (n=9)45%
Oedema of nasopharynx
no (n=60) (n=50)83,3% <0,001
yes (n=34) (n=14)41,2%
Lymphoid tissue of nasopharynx
no(n=72) (n=56)77,8% <0,001

yes(n=22)

(n=8)36,4%
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Table 7 (continuation). Correlation of different factors and PSEQ sonotubometry
results in nose obstruction group

Factor Detected p

(n- number of cases) openings (x2)
ET valve opening during swallow
yes (n=71) (n=61)85,9% <0,001
no(n=23) (n-=3)13,0%
Provocative “k” test
positive(n=90) (n=63)70% 0,094
negative(n=4) (n=1)25%
Oedema of ET pharyngeal region
no (n=70) (n=54)77,1% 0,002
yes (n=24) (n=10)41,6%
Lymphoid tissue of ET pharyngeal region
no tissue (n=78) (n=61)78,2% <0,001
tissue(n=16) (n=3)18,8%

3.3 Eustachian tube opening measurement by sonotubometry
using perfect sequences for patients with chronic secretory otitis

The testing was conducted on 43 individuals with chronic secretory
otitis (28 females (65,1%) and 15 males (34,9%)). All of them were able
to complete the test. The average age of the subjects was 29 (SD +18,62)
(range 18-65 years). In total, 285 measurements were performed.

The testing was conducted on 39 healthy individuals (21 females
(53,8%) and 18 males (46,2%)). All of them were able to complete the
test. The average age of the subjects was 26,66 (SD +7,83) (range 20-51
years). In total, 390 measurements were performed. The openings were
not detected for 43,9 % of the OME patients and for 6,4 % of healthy
individuals (p<0,001). The results obtained as related to the mean ET
opening duration and the mean sound wave amplitude are presented
in Table 8. Curves types are summarised in figure 3. Characteristics of
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the ET openings in OME group are summarised in table 9. Correlation
of different factors and PSEQ sonotubometry results is summarized in
table 10.

Table 8. Mean results of the sonotubometry for OME patients and healthy
individuals

Mean ET Average sound
PSEQ Sonotubometry opening p wave p
duration(ms) amplitude (dB)
OME group 261(SD+147) 7,41(SD= 4,77)
o 0,672 <0,001
Healthy individuals group | 274(SD+153) 12,26(SD+ 5,40)
70% 1
% OME group
60% | 57.50%
54.80% I Healthy individuals group
50% -
X 40% -
5 31.50% 31.50%
& 30%
20% -
10% - 8.20% 8.20%
. 2.80% 5 709 2.70%
270% o o0
0% - . . ,

spike type double peak type  descendes type plateux type multiple type

Sonotubograms curves types

Figure 3. Curves types for OME patients and healthy individuals
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Table 9. Characteristics of the PSEQ sonotubometry ET openings in chronic OME

and healthy individuals groups

OME study | Healthy individuals

group control group
Sonotubometry parametre (n- number of (n- number of p

cases) cases)
Egt%iigclgj were (n=25)43,9% (n=5)6,4% <0,001
:r;i)rl?tgue dseozglg) wave 7,41(SD+ 4,77) |  12,26(SD+5,40) | <0,001
?ﬁf:)n opening duration 261(SD+137) 274(SD+153) 0,672
ngflc;ei :noez‘z,‘:r‘;gs (n=13)22,8% (n=66)84,6% | <0,001
Detected 4 openings
from 5 menerl)lversg (n=4)7% (n=3)3,8% 0,462
nglcgei :noeif,‘:r‘;gs (n=2)3,5% (n=2)2,6% 1,000
gz;icéeieznoezi‘:;gs (n=7)12,3% (n=1)1,3% 0,022
Eﬁfﬁ?ﬁ;ﬁi‘iﬁiﬁg (n=6)10,5% (n=1)1,3% 0,044
fgﬁ:{gﬁgram (n=42)57,50% (n=40)54,8% 0,208
g)‘r’l‘:)l:llfbl(’)fgﬁr;ype (n=23)31,5% (n=23)31,5% 0,392
ifgfﬁfg;?ﬁe (n=6)8,2% (n=6)8,2% 0,762
Plateau type 0 0
conotubogram (n=2)2,8% (n=2)2,7% 1,000
i\gﬂﬁfotgygn (n=0)0% (n=2)2,7% 0,510

—29_



Table 10. Correlation of different factors and PSEQ sonotubometry results in

chronic OME group
Factor Detected P

(n- number of cases) openings x2)
Gender
female(n=33) (n=18)54,5% | 0,794
male (n=24) (n=14)58,3%
Breathing through the nose
good(n=30) (n=15)50% 0,001
moderate(n=21) (n=17)81%
severe obstruction (n=6) (n=0)0%
Nasal septum deviation in the ipsilateral side
normal (n=45) (n=24)53,3% | 0,506
physiological (n=8) (n=6)75%
pathological (n=4) (n=2)50%
Nasal septum deviation in the contralateral side
normal (n=49) (n=28)57,1% | 0,931
physiological(n=4) (n=2)50%
pathological(n=4) (n=2)50%
Inferior turbinates’ hypertrophy
norm (n=30) (n=15)50% <0,001
moderate (n=19) (n=17)89,5%
obstruction of the meatus(n=8) (n=0)0%
Oedema of nasopharynx
no (n=41) (n=22)53,7% | 0,767
yes (n=16) (n=10)62,5%
Lymphoid tissue in the nasopharynx
no (n=40) (n=17)42,5% | 0,358
yes(n=17) (n=15)58,8%
ET valve’s opening during swallow
yes(n=22) n-=15)68,2% | 0,178
no (n=35) (n=17)48,6%
Provocative “k” test
positive (n=9) (n=9)100% 0,004

negative(n=48)

(n=23)47,9%
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Table 10 (continuation). Correlation of different factors and PSEQ sonotubometry

results in chronic OME group

Factor Detected p

(n- number of cases) openings x2)
Oedema of ET pharyngeal orifice
no (n=41) (n=26)63,4% | 0,076
yes (n=16) (n=6)37,5%
Lymphoid tissue of ET pharyngeal orifice
no (n=35) (n=18)51,4% | 0,366
yes (n=22) (n=14)63,6%
Tympanometry
B type (n=49) (n=24)49,0% | 0,007
C type(n=8) (n=8)100%
Retraction if the tympanic membrane
no retraction(n=26) (n=18)69,2% | 0,038
attical (n=10) (n=6)60%
mesotympanic (n=21) (n=7)33,3%
Retraction grade
I°(n=8) (n=4)50% 0,326
1°(n=12) (n=5)41,7%
II1°(n=11) (n=5)45,5%
Consistence of the fluid in the middle ear
no fluids(n=18) (n=7)38,9% 0,210
serous(n=25) (n=16)64,0%
mucous(n=14) (n=6)42,9%
Amount of the fluid in the middle ear
no fluid(n=18) (n=7)38,9% 0,469

moderate(n=7)
full(n=32)

(n=4)57,1%
(n=18)56,3
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3.4 The effectiveness of the laser Eustachian tuboplasty
for chronic secretory otitis

3.4.1 Patient’s characteristics,
data of videoendoscopy of the nasopharynx
and ET function tests before the surgery

A total of 51 (23- single procedure, 28- bilateral) laser Eustachian
tuboplasties in study group were performed during the study period
(54,1 % - female, 45,9 % - male). The patients’ age ranged from 18 to 68
years (average age 42,1 + 19,17).

During the same period a total of 53 (25 single procedure, 28- bilat-
eral) tympanostomies were performed in control group (53,8 %- female,
46,2 %- male). The patients’ age ranged from 18 to 75 years (average
age 36,87 + 15,63). Characteristics of the participants of both groups are
presented in table 11. Changes in the nose and nasopharynx which were
evaluated during videoendoscopy in both groups are shown in table 12.
Both groups according to the changes in the nose and nasopharynx were
statistically equal.

PSEQ sonotubometry before the surgery. In study group the openings
were detected for 35,3 % of the cases. The average of the wave sound am-
plitude was 10,53 + 2,36 dB, the mean duration- 233 + 118 ms. Curves
types: spike type- 33,3 %, a double peak type- 22,2 %, descendes type-
11,1 %, plateau type- 11,1 %, multiple type- 22,2 %. Results of the average

hearing loss before treatment are shown in table 13.
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Table 11. Characteristics of the patients in LET study and tympanostomy control

groups
LET group Tympanostomy
(n-number of group
Parametre cases) (n-number of p
cases)
Gender
female 20 21 1,000
male 17 18
Average age 42,1+19,17 36,87+15,63 0,078
Average duration of the OME 5,37+2,95 4,62+2,23 0,006
Duration of the OME
up to 5 years (n=26)51% (n=26)49,1% 1,000
> 5 years (n=25)49% (n=27)50,9%
Follow- up duration 3,68+1,20 3,39+1,39 0,229
Operation
unilateral (n=23)62,2% (n=25)64,1% 0,193
bilateral (n=14)37,8% (n=14)35,9%
The most consumptive
symtom before surgery (n=40)78,4% (n=36)67,9% 0,318
hearing loss (n=11)21,6% (n=16)30,2%
fullnes in the ear (n=0)0% (n=1)1,9%
tinnitus
Average number of 2,540,7 124043 | <0,001
tympanostomies in the past
Number of tympanostomies
in the past
1 time (n=0)0% (n=40)75,5%
2 times (n=30)58,8% (n=13)24,5% -
3 times (n=15)29,4% (n=0)0%
4 times (n=6)11,8% (n=0)0%
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Table 13. The average hearing loss before surgery in both groups.

Average hearing LET study Tympanostomy
loss(dB) group group P
Average hearing loss 36,84+10,95 33,94+5,87 0,021
PTA- ABG 28,33+7,69 27,62+5,94 0,427

3.4.2 Patient’s characteristics,
data of videoendoscopy of the nasopharynx
and ET function tests after the surgery

The objective assessment of treatment results in LET group after
1 month: recovered-19,6 %, improved- 49,9 %, unchanged- 31,4 %. After
12 months: recovered-37,2 %, improved- 31,4 %, unchanged- 31,4 %.
The objective assessment of treatment results in tympanostomy group
after 1 month: recovered-18,9 %, improved- 56,6 %, unchanged- 24,5 %
and after 12 months: recovered-5,7 %, improved- 35,8 %, unchanged-
58,5 %. Results of both groups after 12 months of the follow-up are
shown in figure 4.

Evaluating results subjectively in LET group after 1 month recovered-
19,6 %, improved- 49 %, unchanged- 31,4 % and after 12 months recov-
ered- 37,2 %, improved- 31,4 %, unchanged- 31,4 %. In control tym-
panostomy group after 1 month recovered- 13,2 %, improved- 56,6 %,
unchanged- 30,2 % and after 12 months analogically- 9,4 %, 18,9 % and
71,7 % (p<0,001).

In LET group the Valsalve maneuver after on month was positive for
35,3 %, after 12 months- 62,7 % of the cases. In control group after one
month positive for 37,7 %, after 12 months- 58,5 %.

In LET group the distribution of tympanograms types before treat-
ment and after are shown in figure 5. In control group after 12 months of
the follow- up 90,9 % had B type, other- C type tympanograms.
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Figure 4. The objective assessment of treatment results after 12 month in

LET and control groups
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Figure 5. Tympanograms types distribution in LET group before treatment,
1 month and 12 months after.
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PSEQ sonotubometry. In LET group after 12 months ET openings
were detected for 72,5 % of the cases. The average of the sound wave was
13, 11+3,98 dB, the mean duration- 256+128 ms. The parametres before
treatment and after are summarized in table 14.

Table 14. PSEQ sonotubometry before treatment and 12 months after LET.

Before surgery 12 months after
Parameter (n- number of (n- number of p
cases) cases)
Detected ET openings (n=18)35,3% (n=37)72,5% 0,043
Average sound wave 10,53(SD+ 2,36) 13,11(SD+3,98) 0,006
amplitude (dB)
Mean duration (ms) 233(SD+118) 256(SD+128) 0,465
Detected 5 openings (n=0)0% (n=8)15,7% 0,003
from 5 meneuvers
Detected 4 openings (n=0)0% (n=9)17,6% 0,007
from 5 meneuvers
Detected 3 openings (n=7)13,7% (n=5)9,8% 0,762
from 5 meneuvers
Detected 2 openings (n=6)11,8% (n=8)15,7% 0,777
from 5 meneuvers
Detected 1 opening from (n=5)9,8% (n=7)13,7% 0,762
5 meneuvers
Spike type (n=6)33,3% (n=10)27,0% 0,768
sonotubogram
Double peak type (n=3)16,7% (n=3)38,1% 0,405
sonotubogram
Descendes type (n=2)11,1% (n=6)16,2% 1,000
sonotubogram
Plateau type (n=4)22,2% (n=9)24,3% 1,000
sonotubogram
Multiple type (n=3)16,7% (n=9)24,3% 0,739
sonotubogram

—37 —



Pure tone audiogram. The average air bone gap before surgery, 1
and 12 months after surgery in both groups are summarized in figure
6. In LET group the air bone gap after 1 month was 19,23+9,68 dB, in
control-19,56+9,34 dB (p=0,948), after 12 months- 15,21+11,83 dB, in
control group 24,45+6,94 dB (p<0,001). The dynamic of the air bone
gap changes in LET group are presented in figure 6, in control group
in figure 7. The average hearing loss after 1 month in LET group was
24,66+12,70 dB, in control group- 24,11+10,45 dB (p=0,338), after 12
months- 22,50+13,45 dB and 25,35+9,87 dB (p= 0,018). The dynamic
of the average hearing loss changes in LET and control groups are pre-
sented in figure 8 and figure 9.
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Figure 6. The PTA- ABG dynamic in LET group before treatment, 1 month

and 12 months after operation
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Figure 7. The PTA- ABG dynamic in tympanotomy control group before
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Figure 8. The average hearing loss dynamic in LET group before treatment,
1 month and 12 months after operation
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Figure 9. The average hearing loss dynamic in tympanotomy control

group before treatment, 1 month and 12 months after operation

Videoendoscopy. 12 months after LET the openings of the ET valve
were seen for 60,8 % of the cases, the provocative “K” test was positive for
31,4 %, oedema of the ET pharyngeal site was seen for 43,1 %, lymphoid
tissue- 21,6 %.

Complications. We did not observed serious complications. Minor
complications were observed for 15,7 % of the LET cases: for 2 % the
perforation after ventilation tube, 7,8 %- synechiae in the nose, 5,9 %
emphysema within the parotid region was observed, witch reabsorbed
for all of them next day after the surgery. In control group the complica-
tion rate was 15,1 %: 1,9 % the perforation after ventilation tube, 5,7 %
discharging ear, 7,5 % extrusion of ventilation tube.
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3.4.3 Correlation of prognostic factors
and treatment outcomes

Correlation of different factors and effectiveness of the LET after 12
month of the follow- up are presented in table 15. Correlation of video-
endoscopy findings in the nasopharynx and effectiveness of the LET are
presented in table 16.

Table 15. Correlation of preoperative factors and effectiveness of the LET after 12
month of the follow-up

Factor Correlation with results
After 12 After 12
n- number of cases| months months p
improved recovered
Age <20 years(n=13) (n=1)7,7% | (n=10)76,9%
21-50 years(n=19) (n=8)42,1% | (n=3)15,8% | 0,011
> 50 years(n=19) (n=7)36,8% | (n=6)31,6%
Gender female(n=29) (n=8)27,6% | (n=9)31,0% | 0,207
male(n=22) (n=8)36,4% | (n=10)45,5%
Localization |unilateral (n=17) (n=2)11,8% | (n=13)76,5% | <0,001
bilateral(n=34) (n=14)41,2% | (n=6)17,6%
Most fullness in the ear (n=11) (n=0)0% (n=11)100%
consumptive | hearing loss (n=40) (n=16)40,0% | (n=8)20,0% | <0:001
symptom —
tinnitus(n=0) (n=0)0% (n=0)0%
Symptoms  |fullness in the ear (n=51) | (n=16)31,4% | (n=19)37,3% -
before hearing loss (n=51) (n=16)31,4% | (n=19)37,3% -
surgery tinnitus(n=32) (n=14)43,8% | (n=8)25,0% | 0,022
autophony(n=16) (n=1)6,3% | (n=13)81,3% | <0,001
popping in the ear(n=10) (n=0)0% (n=10)100% | <0,001
Breathing good(n=10) (n=2)20,0% | (n=4)40,0%
through the |moderate(n=37) (n=12)32,4% | (n=13)35,1% | 0,625
nose severe obstruction (n=4) (n=2)50% (n=2)50%
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Table 15 (continuation). Correlation of preoperative factors and effectiveness of the
LET after 12 month of the follow-up

Factor Correlation with results
After 12 After 12
n- number of cases| months months p
improved recovered
Symptoms | (\_g) (n=3)37,5% | (n=5)62,5%
of gastro
esophageal 0,095
reflux no(n=43) (n=13)30,2% | (n=14)32,6%
Positive yes(n=10) (n=7)70,0% | (n-3) 30,0 %
anamnesis of 0,007
allergy no(n=41) (1=9)22,0% | (n=16)39,0%
Antihista- yes(n=4) (n=1)25,0% | (n=3)75,0%
mine use no(n=47) (n=15)31,9% | (n=16)34,0% | 0,215
GERL yes(n=2) (n=1)50,0% | (n=1)50,0% | 0,614
treating no(n=49) (n=15)30,6% | (n=18)36,7%
Duration <5 years(n=26) (n=10)38,5% | (n=12)46,2% | 0,043
> Syears(n=25) (n=6)24,0% | (n=7)28,0%
Smoking yes(n=20) (n=13)65,0% | (n=3)15,0% | <0,001
no(n=31) (n=3)9,7% | (n=16)51,6%
Chronic yes(n=24) (n=9)37,5% | (n=9)37,5%
rhinosinusitis 0,568
in past no(n=27) (n=7)25,9% | (n=10)37,0%
Surgeryin  |adenoidectomy(n=10) (n=0)0% (n=8)80,0%
the past septoplasty(n=6) (n=0)0% (n=0)0% | <0,001
ethmoidectomy(n=6) (n=6)100% (n=0)0%
Tympanos- |2 times (n=30) (n=13)43,3% | (n=9)30,0%
tomy surgery |3 times(n=15) (n=3)20,0% | (n=10)66,7% | <0,001
inthe past |4 times(n=6) (n=0)0% (n=0)0%
Otoscopy serous(n=34) (n=8)26,7% | (n=14)46,7% | 0,232
dense(n=17) (n=8)47,1% | (n=5)29,4%
Retraction  |yes (n=4) (n=0)0% (n=0)0% 0,009
no(n=47) (n=16)31,4% | (n=19(37,3%)
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Table 16. Correlation of nasal and nasopharyngeal factors and effectiveness of the
LET, 12 month after operation

Changes in the nose and nasopharynx Correlation
4 phary.
After 12 After 12
n- number of cases| months months p
improved | recovered
Nasal septum normal(n=32) (n=9)28,1% |(n=15)46,9%
deviation in physiological(n=18) | (n=7)38,9% | (n=3)16,7%
ipsilateral side - 0,174
p pathological(n=1) (n=0)36,8% | (n=1)100%
Nasal septum normal(n=40) (n=9)22,5% | (n=9)47,5%
deviation in physiological (n=11) | (n=7)63,6% | (n=0)0%
contralateral side : 0,007
pathological (n=0) (n=0)0% (n=0)0%
Inferior normal(n=19) (n=1)5,3% | (n=6)31,6%
turbinates moderate(n=21) (n=13)61,9% | (n=8)38,1%
hypertrophy | jhctruction of (n=2)182% | (n=5)45,5% | <0,001
meatus(n=11)
Nasal polyposis | no(n=39) (n=10)25,6% | (n=19)48,7% 0.009
yes(n=12) (n=6)50,0% | (n=0)0% ’
Lymphoid no(n=45) (n=16)35,6% | (n=13)28,9%
tissue in the 0,003
nasopharynx yes(n:6) (n:0)0% (n=6) 100%
Oedemainthe |no(n=29) (n=2)7,1% | (n=14)50,0% 0.001
<V,
nasopharynx |yeq (n=22) (n=14)60,9% | (n=5)21,7%
Lymphoid no (n=46) (n=16)34,8% | (n=16)34,8%
tissue in the ET 0,267
pharyngeal oriﬁce yes(n=5) (n=0)0% (n=3)60%
Oedemainthe |yes(n=22) (n=3)11,5% | (n=9)34,6%
ET ph al <0,001
o AYBEE Tho(n=29) (n=13)52,0% | (n=10)40,0%
orifice
ET opening after |opens(n=31) (n=9)29,0% | (n=16)51,6% 0.017
12 months no opening(n=20) (n=10)30,3% | (n=7)21,2% |
Provocative positive(n=16) (n=1)6,3% | (n=9)56,3%
«].» 0, 27
nl;:;s}tsaﬁer 12 [ egative(n=35) (n=15)42,9% (n=10)28,6% °
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3.4.4 Prognostic factors

For assessing the impact of interaction on prognostic factors on the
LET effectiveness, simple logistic regresion model was applied. Results
are shown in table 16. Oedema of the ET region in the pharynx was con-
firmed as a negative prognostic factor for the LET effectiveness.

Table 16. Simple logistic regression for assessing the impact of interrelation of
prognostic factor on LET effectiveness

Factor | 10 | 95%P1 | p
Anamnestic
Localization of the disease 5,38 | 1,43-2,02 | 0,360
Allergy in anamnesis 9,29 2,00-4,30 | 0,925
Duration of the OME 8,89 | 2,71-9,19 | 0,846
Smoking 1,73 1 4,95-60,94 | 0,389
Number of tympanostomy operations in the past| 5,00 | 8,5-29,3 | 0,456
Tinnitus 1,62 | 4,79-5,51 | 0,435
Autophony 2,36 | 5,61-9,96 | 0,241
Popping in the ear 1,81 | 3,32-9,92 | 0,492
Retraction 4,38 | 5,61-34,26 | 0,431
Videoendoscopy
Nasal septum deviation in contralateral side 7,78 |1,91-31,67 | 0,073
Inferior turbinate hypertrophy 14,26 | 4,22-47,94 | 0,566
Nasal polyposis 570 | 1,14-2,18 | 0,413
Oedema of nasopharynx 16,67 |4,92-56,17 | 0,410
Lymphoid tissue in the ET pharynx orifice 8,81 | 0,99-1,19 | 0,999
Oedema of the ET pharynx orifice 428 |1,14-16,07 |0,031
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4. CONCLUSIONS

. Sonotubometry with perfect sequences (PSEQ) induces / detects
openings of the Eustachian tube reliably and can be applied to assess
functional changes of the ET in healthy persons objectively. An op-
timal and dynamic sonotubometric maneuver is a low volume water
swallow test.

. Sonotubometry using PSEQ stimuli detects fewer ET openings in pa-
tients with nasal obstruction than in healthy individuals. The factors
that significantly relate with non-openings during the sonotubom-
etry of the ET included the deviation of the nasal septum, edema of
the inferior turbinate, oedema and lymphoid hyperplasia of the naso-
pharynx, oedema and lymphoid hyperplasia of the pharyngeal orifice
of ET.

. In patients with chronic secretory otitis media sonotubometric ET
openings were detected for 22,8% of the tested ears. Average of the
wave sound amplitude was shorter comparing to healthy individuals
(p<0,001). Factors, statistically significantly related with not detected
openings using sonotubometry were severe hypertrophy of inferior
turbinate’s, B type tympanogram and the character of the tympan-
ic membrane retraction. More frequent ET dysfunction was found
for the patients with retraction of pars tensa of tympanic membrane
(0,038).

. Laser Eustachian tuboplasty is an effective procedure for patients
with chronic secretory otitis media when the functional obstruction
of the ET pharyngeal orifice is endoscopically detected. After the sur-
gery, full recovery was reported in 37.2% and the condition improved
in 31.4% of the patients to whom other treatment methods proved
ineffective.
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5. Negative treatment results of chronic secretory otitis media us-
ing laser Eustachian tuboplasty were related to number of previous
operations, smoking, tory of allergies, duration of the disease more
than 5 years, retraction of tympanic membrane, nasal polyposis and
mucosal edema of the nasopharynx. Better treatment results were
obtained in patients with nasopharyngeal lymphoid hyperplasia.
Oedema of ET pharyngeal orifice proved a negative prognostic factor
of laser Eustachian tuboplasty (p=0,031).
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SANTRAUKA
Létinio sekrecinio vidurinés ausies uzdegimo
chirurginio gydymo lazerine tuboplastika efektyvumas

Darbo tikslas

Nustatyti létinio sekrecinio vidurinés ausies uzdegimo chirurginio

gydymo ausies trimito lazerine tuboplastika efektyvuma ir ausies trimito

funkcijos poky¢ius, vertinant objektyviais tyrimo metodais.

Darbo uzZdaviniai

1.

Jvertinti idealios sekos daznio sonotubometrijos tyrimo duome-
nis sveikiems suaugusiesiems ir nustatyti optimaly ausies trimito
atsidaryma provokuojantj testa.

Jvertinti idealios sekos daznio sonotubometrijos tyrimo duome-
nis pacientams su apsunkintu kvépavimu per nos;j.

Jvertinti ausies trimito funkcijos ir létiniy vidurinés ausies susirgi-
my rysj, atliekant idealios sekos daznio sonotubometrija.
Jvertinti létinio sekrecinio otito chirurginio gydymo ausies trimi-
to tuboplastikos lazeriu efektyvuma.

Nustatyti veiksnius, turincius jtakos létinio sekrecinio otito chi-
rurginio ATTL gydymo rezultatams.

Tyrimo metodika

Darba sudaré dvi dalys. Pirmoje tyrimo dalyje, siekiant objektyvizuo-

ti ir jvertinti ausies trimito funkcijg, buvo vertinami sonotubometrijos

su idealios sekos daznio garsiniu signalu rezultatai sveikiems ir ausies

trimito funkcijos pazeidimg turintiems asmenims. Nustatyti tyrimo

parametrai, optimalas provokaciniai méginiai, normos variantai, bei

ypatumai pacientams su nosies obstrukcija ir létinémis vidurinés ausies

ligomis. Visiems tiriamiesiems buvo atliekamas kompleksinis tyrimas,
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kurj sudaré tiriamojo anamnestiniy duomeny rinkimas, otoskopija,
rinoskopija, timpanometrija, Valsalvos testas ir sonotubometrija su IS
daznio signalu, o nosies obstrukcijos ir vidurinés ausies patologija turin-
tiems papildomai atlikta detali nosies ir nosiaryklés videoendoskopija.

Antroje tyrimo dalyje buvo siekiama jvertinti létiniu sekreciniu otitu
serganciy pacienty, kurie iki jtraukimo i studijg buvo ilgai ir neefektyviai
gydyti kitais metodais, priezastinio chirurginio ligos gydymo ausies tri-
mito toboplastikos lazeriu efektyvumg. Tiriamiesiems buvo atliekamas
detalus prieSoperacinis ir pooperacinis iStyrimas, jvertintas gydymo
efektyvumas ir nustatyti predisponuojantys faktoriai. Kompleksinj ty-
rimg sudaré anamnestiniy duomeny rinkimas, otoskopija, rinoskopija,
laringoskopija, timpanometrija, toniné slenkstiné audiometrija, Valsal-
vos testas, nosiaryklés ir ausies trimito ryklinés angos videoendoskopija,
sonotubometrija su idealios sekos dazniy signalu.

Atliekant darbg istirti 310 asmeny. Pirmoje darbo dalyje sonotu-
bometrijos parametrams jvertinti buvo istirti 105 sveiki asmenys (33
(31,4 %) moterys ir 72 (68,6%) vyrai). Vertinant apsunkinto kvépavimo
per nosj ir idealios sekos dazniy sonotubometrijos rezultaty sasajas ir
ypatumus, iStirti 47 pacientai (15 (31,9 %) motery ir 32 (68,1 %) vyrai),
besiskundziantys nosies obstrukcija. Vertinant létinio sekrecinio otito ir
idealios sekos dazniy sonotubometrijos rezultaty sgsajas ir ypatumus,
istirti 43 pacientai (28 (65, 1 %) moterys ir 15 (34, 9 %) vyry). Siame
tyrime kontroline grupe sudaré 39 asmenys (21 (53, 8 proc.) moteris ir
18 (46, 2 proc.) vyry), kurie nebuvo sirge ausy ligomis ir neturéjo otolo-
giniy nusiskundimy. Antroje darbo dalyje, vertinant ausies trimito laze-
rio tuboplastikos efektyvuma létiniu sekreciniu otitu sergantiems paci-
entams, buvo istirti 37 pacientai, kuriems atlikta vienpusé arba abipusé
ATTL operacija (i$ viso atlikta 51 ATTL operacija). Kontroline grupe
$ioje tyrimo dalyje sudaré 39 pacientai, kuriems i$ viso buvo atliktos 53
timpanostomijos operacijos.
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Rezultatai

Ausies trimito funkcijos vertinimas
idealios sekos daznio sonotubometrija

AT funkcijos vertinimas IS dazZnio sonotubometrija

sveikiems asmenims

I$ viso atlikta 6300 matavimy. Ausies trimito atsidarymas sonotubo-
metri$kai uZregistruotas visiems tiriamiesiems, bet ne kiekvienam atlik-
tam matavimui. Tyrimo metu i§ 6300 matavimy 6180 (98,1 proc.) buvo
uzregistruoti objektyviai ir vertinti kaip atsidarymai, atitinkantys kriteri-
jus. Vertinant matavimy vidutine atsidarymo trukme, didesné nustatyta
atliekant sausg (seiliy) rijimo méginj - 284 ms, trumpesné vandens riji-
mo meéginiy metu - 263 ms. Skirtumas tarp meéginiy nebuvo statistiskai
reik§mingas. Vertinant kreiviy formas daugiausiai nustatyta smaigalio ir

dvigubos virsineés, maziau nusileidziancios ir plokscios formos.

Apsunkinto kvépavimo per nosj ir AT funkcijos rysys,

atliekant idealios sekos sonotubometrijg

Ausies trimito atsidarymas sonotubometriskai neuzregistruotas 30
(31,9 proc.) atvejy nosies obstrukcijos tiriamyjy grupéje ir 5 (6,4 proc.)
sveiky asmeny kontrolinéje grupéje (p<0,001). Nustatyta IS sonotubo-
metrijos vidutiné atsidarymo trukmé nosies obstrukcijos grupéje 280
ms, vidutiné garso bangos amplitudé- 10,35(SD+ 4,86), kontrolinéje gru-
péje- 274 ms ir 12,26(SD+ 5,40). Skirtumas tarp abiejy grupiy statistiskai
nereik§mingas. Tyrimo metu nustatyta, kad apsunkintas kvépavimas per
nosj (p= 0,014), didelio laipsnio nosies pertvaros iskrypimas (p=0,001),
nosies pertvaros iskrypimas tiriamojoje ausies trimito puséje (p<0,001),
apatiniy kraukliy hipertrofija, obturuojanti nosies landas (p<0,001), gas-
troezofaginio refliukso pozymiai (p=0,036), teigiama alergijos anamnezé
(p=0,013), nosiaryklés edema (p<0,001) ir limfoidinio audinio sankau-
pos (p<0,001), videoendoskopiskai fiksuotas neatsidarantis ausies trimi-
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to spindis ryjant (p<0,001), ausies trimito nosiaryklinés srities edema
(p=0,002) ar AT limfoidinio audinio sankaupos (p<0,001) yra statistis-
kai patikimai susij¢ su sonotubometrinio tyrimo idealios sekos daznio
garsiniu signalu tyrimo rezultatais. Rezultatai nepriklausé nuo tiriamyjy
amziaus ar lyties.

Ausies trimito funkcijos vertinimas idealios sekos

daznio sonotubometrija asmenims su létiniais

vidurinés ausies uzdegimais

Ausies trimito atsidarymas sonotubometriSkai neuzregistruotas 25
(43,9 proc.) tirty ausy létiniy sekreciniy otity tiriamyjy grupéje ir 5
(6,4 proc.) sveiky asmeny kontrolinéje grupéje (p<0,001). Nustatyta IS
sonotubometrijos vidutiné atsidarymo trukmeé létiniy vidurinés ausies
uzdegimy grupéje 261 ms, vidutiné garso bangos amplitudé- 7,41(SD+
4,77), kontrolinéje grupéje- 274 ms ir 12,26(SD= 5,40). Vidutinés garso
bangos amplitudés vidurkiai pacientams su létiniu sekreciniu vidurinés
ausies uzdegimu buvo mazesni, lyginant su kontroline grupe (p<0,001).
Tyrimo metu nustatyta, kad apsunkintas kvépavimas per nosj (p<0,001),
apatiniy kriaukliy hipertrofija, obturuojanti nosies landas (p<0,001),
teigiamas “k” méginys (p=0,004), limfoidinis audinys nosiarykléje
(p=0,001), jtemptosios dalies retrakcija (p=0,038), B tipo timpanometri-
jos kreivé (p=0,007) yra statistiskai patikimai susije su sonotubometrinio
tyrimo idealios sekos daznio garsiniu signalu tyrimo rezultatais.

Ausies trimito tuboplastikos lazeriu efektyvumas,

gydant létinj sekrecinj vidurinés ausies uzdegimg

Tiriamojoje ATTL grupéje, vertinant operacijos rezultaty efekty-
vuma objektyviai po 1 ménesio pasveiko 10 (19,6 proc.), pageréjo — 25
(49,9 proc.), o jokio pageréjimo nebuvo gauta 16 (31,4 proc.) atvejy.
Vertinant rezultatus po 12 ménesiy, pasveikusiyjy buvo 19 (37,2 proc.),
buklés pageréjimas fiksuotas 16 ( 31,4 proc.), o jokios teigiamos dina-
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mikos negauta 16 (31,4 proc.) atvejy. Kontrolinéje grupéje rezultatai po
ménesio buvo panasis j tiriamosios grupés (pasveiko- 10 (18,9 proc.),
pageréjo- 30 (56,6 proc.), nepageréjo — 13 (24,5 proc.), p= 0,694), taciau
po 12 ménesiy gydymo rezultatai jau buvo statistiskai patikimai bloges-
ni (pasveiko- 3 (5,7 proc.), pageréjo- 19 (35,8 proc.), nepageréjo — 31
(58,5 proc.) atvejy, (p<0,001). Ausies trimito atsidarymas tiriamyjy gru-
péje po 12 ménesiy sonotubometriskai uzregistruotas 72,5 proc. atvejy.
Nustatyta vidutinés garso bangos amplitudé-13,11+3,98 dB, atsidarymo
trukmé-256+128 ms. Sonotubometrijos kreiviy pasiskirstymas po ope-
racijos pagal forma tiriamojoje grupéje: smaigalio formos - 27 proc.,
dvigubos virstinés formos - 38,1 proc., nusileidziancios kreivés formos -
16,2 proc., plokscios kreivés formos — 24,3 proc., misrios- 24,3 proc. Ver-
tinant objektyviai fiksuoty atsidarymy rezultatus atliktiems 5 méginiams
nustatyta, kad penki i§ penkiy atsidarymy fiksuoti 15,7 proc., keturi is
penkiy- 17,6 proc., trys i§ penkiy- 9,8 proc., du i§ penkiy- 15,7 proc.
tiriamy ausy, vienas i§ penkiy- 13,7 proc. Atsidarymai neuzfiksuo-
ti 27,5 proc. tiriamy AT. Skirtumas vidutinés garso bangos amplitudés
vidurkio prie$ ir po operacijos buvo statistiskai patikimai didesnis po
operacijos (p=0,006). Sonotubometrijos méginio metu po operacijos
statiti$kai patikimai dazniau fiksuoti penki i§ penkiy (p=0,003) ir ke-
turi i§ penkiy (p=0,007) atsidarymai. Kiti skirtumai nebuvo statistis-
kai reikSmingi. Vertinant klausos pazeidimo lygj tiriamojoje grupéje,
vidutinis oro - kaulo intervalas praéjus 1 ménesiui po operacijos buvo
19,2349,68 dB (kontrolinéje grupéje 19,56+9,34 dB, p=0,948), o pasku-
tinio vizito metu - 15,21+11,83 dB (kontrolinéje grupéje 24,45+6,94 dB,
p<0,001). Vidutinis klausos pazeidimo lygis praéjus ménesiui po opera-
cijos tirlamuyjy grupéje buvo 24,66+12,70 dB, kontrolinéje- 24,11+10,45
dB (p=0,338), analogiskai paskutinio vizito metu- 22,50+13,45 dB ir
25,35+9,87 dB (p= 0,018). Vidutinis klausos pazeidimas tiriamojoje gru-
péje tiek praéjus ménesiui po operacijos (p<0,001), tiek po 12 ménesiy
(p<0,001) buvo mazesnis, lyginant su prieSoperaciniy tyrimy duomeni-
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mis, tuo tarpu kontrolinéje grupéje po 12 ménesiy klausos vidurkis ne-
siskyré nuo prieSoperaciniy audiometriniy duomeny (p=0,083). Po 12
meénesiy AT angos atsidarymas stebétas 31 (60,8 proc.), provokuojancio
atsidaryma “K” testo metu atsidarymas stebétas 16 (31,4 proc.), AT ry-
klinés srities edema stebéta 22 (43,1 proc,), limfoidinio audinio sankau-
pos AT ryklinés dalies srityje- 11 (21,6 proc.) tiriamy atvejy.

Vertinant nosies ir nosiaryklés videoendokopijos poky¢iy ir ATTL
gydymo rezultaty sasajas nustatyta, kad obturuojancios apatinés nosies
kriauklés (p<0,001) ir limfoidinis audinys nosiarykléje (p=0,003) buvo
susije su geresniais pooperaciniais rezultatais, o blogesni operacijos re-
zultatai gauti pacientams, kuriems prie§ operacija rasti polipai nosies
landose (p= 0,009), nosiaryklés edema (p<0,001) ar AT ryklinés dalies
srities edema (p<0,001).

ATTL gydymo rezultatai buvo statistiskai patikimai blogesni tiems
pacientams, kai iki tol buvo atliktos daugiau nei 3 timpanostomijos ope-
racijos (p<0,001), rukantiems (p<0,001), nustacius teigiama alergine
anamneze (p=0,007), kai sekrecinio otito trukmé buvo daugiau nei 5
metai (p= 0,043) ir bugnelio retrakcijos atvejais (p=0,019).

Vienaveiksnés logistinés regresijos metodu nustatytas tik vienas sta-
tistiSkai reik§mingas prognostinis kriterijus — AT ryklinés srities edema
leido prognozuoti blogesnius ATTL gydymo rezultatus (p=0,031).

ISVADOS

1. Idealios sekos dazniy sonotubometrija patikimai fiksuoja ausies tri-
mito atsidarymus ir gali bati naudojama objektyviam AT funkcijos
vertinimui sveikiems asmenims. Optimalus ir patikimas sonotubo-
metrijos provokacinis méginys yra mazo tiirio vandens rijimo testas.

2. Asmenims su apsunkintu kvépavimu pro nosj idealios sekos dazniy
sonotubometrija nustatoma maziau ausies trimito atsidarymo epizo-
dy nei sveikiesiems, o krieviy charakteristikos nesiskyré. Veiksniai,
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statistiSkai reik§mingai susije¢ su sonotubometriskai nefiksuojamais
ausies trimito atsidarymais buvo patologinis nosies pertvaros iskry-
pimas, apatiniy nosies kriaukliy edema, nosiaryklés edema ir lim-
foidinio audinio hiperplazija, ausies trimito ryklinés angos edema ir
limfoidinio audinio hiperplazija.

. Pacientams su létiniu sekreciniu vidurinés ausies uzdegimu sonotu-
bometrijos metu visi provokuoti ausies trimito atsidarymai uzfiksuoti
22,8 proc. tirty ausy, o vidutiné garso bangos amplitudé buvo mazes-
né (p<0,001). Veiksniai, statisti$kai reik§mingai susije¢ su sonotubo-
metri$kai nefiksuojamais ausies trimito atsidarymais buvo obturuo-
janti nosies kriaukliy hipertrofija, B tipo timpanograma ir bagnelio
retrakcijos pobudis. Jtemptosios bugnelio dalies retrakcijos atvejais
sonotubometriskai AT disfunkcija nustatyta dazniau (p=0,038).

. Ausies trimito ryklinés angos tuboplastika lazeriu yra efektyvi pro-
cedura létiniu sekreciniu vidurinés ausies uzdegimu sergantiems pa-
cientams, kai endoskopiskai nustatoma ausies trimito ryklinés angos
funkciné obstrukcija. Po operacijos visiskai pasveiko 37,2 proc., o bu-
klé pageréjo 31,4 proc. pacienty, kuriems kiti gydymo metodai buvo
neefektyvis.

. Létinio sekrecinio vidurinés ausies uzdegimo gydymas ATTL daz-
niau buvo neveiksmingas tiems pacientams, kuriems iki tol buvo at-
liktos daugiau nei trys timpanostomijos operacijos, rukaliams, taip
pat asmenims, sergantiems ilgiau nei 5 metus, turintiems teigiama
alergine anamneze, ausies buignelio retrakcijg, nosies polipoze, no-
siaryklés gleivinés edema ir ausies trimito gleivinés edema. Gydymo
rezultatai gauti geresni, jei iki operacijos buvo limfoidinio audinio
hiperplazija nosiarykléje. Ausies trimito ryklinés srities edema buvo
neigiamas prognozinis gydymo AT TL kriterijus (p=0,031).
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