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INTRODUCTION

An influence of sounds of high intensity — acoustic trauma, can causc the
considerable damage of the hearing system. Unfortunately. the frequency of oc-
currence of acoustic trauma in our country due to the situation on cast of Ukraine
grows, that actualize the question of timely diagnostics and purposcful treatment
of such patients. The cases of injury of the hearing system grew as a result of
minc-explosion and other variants of acoustic trauma. The questions of diagnos-
tics and treatment of the violations of hearing function, related to the acoustic
trauma, including one got in a real combat terms, arc of great relevance.,

Lately in ST «Institute of otolaryngology named of prof. O.S.Kolomiychen-
ko NAMSU», medical institutions of MD, SSU and MIB of Ukraine medical care
is provided to the people injured as a result of staying in the zone of realization of
combat actions. There are fighters of the armed forces of Ukraine. National Guard
of Ukraine and volunteer battalions, and peaccful habitants of these districts. that
got under a fire. The rescarches of this contingent conducted by us showed the
certain peculiarities of diagnostics and trcatment of such patients not only com-
paratively to the professional hearing loss got as a result of the continuous chronic
noise influence, but also even when compared to acoustic trauma of peace-time.
Such situation demands timely and rcliably to diagnosc the violation in different
structures of the hearing system in such cases and timely provide a purposeful help
to the patients. It is important to prevent the development of heavy damages and
invalidisation.

For the period 2014 = 2019 yy. to SI “O.S.Kolomiychenko Institute of oto-
laryngology of NAMS Ukraine™, clinic of otorhinolaryngology of Military medi-
cal clinical Center of south region, and also 61 mobile combat hospital about 1700
injurcd (fighters of AFU, National Guard of Ukrainc and volunteer battalions,
peaceful habitants that got under a fire in the zone of operation of allied forces)
appcaled.

Purpose
These methodical recommendations arc recommended for the doctors-oto-
laryngologists of medical compartment of Armed forces of Ukraine and law en-
forcement agencies, and establishment of health protection of different level of
accreditation of MOH and NAMS of Ukraine that provide help for the patients
with violations ol hearing function because of acoustic (rauma.
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Acoustic trauma 1s a specific injury of the hearing system because of action
of sounds of high mtensity. The peculiarities of such pathology is a rapid growth
ol violations in peripheral

(Receptor) and central (brainstem and cortex) parts of the hearing analyzer.
Often such damages are irreversible, especially when medical care to the affected
have not been provided imely. With acoustic trauma, both the elements of the sys-
tem ot sound perception and sound transmission are being damaged. However, the
damage of structures of sound transmission can have a protective effect in some
degree. Sensorineural violations ol hearing with acoustic trauma can progress
that 1s why there are in need to be observed. Often at acoustic trauma (especially
acoustic barotrauma), the lesion of vestibular apparatus develops in parallel, and
then the question 1s about cochleary-vestibular violations.

Influence of sound of any intensity is accompanied by the action of chang-
¢s of pressure, however, at small intensities, it is very small, and at high, it be-
comes a leading damaging factor. Therelore, division to acoustic trauma, acoustic
barotrauma is in some way conditional. It is considered that acoustic barotrauma
comes when, wihen influence of shock wave becomes meaningful (therefore com-
bat acoustics traumas practically always are acoustic barotraumas that is explained
by the features of formation of powerful sound by a weapon). Acoustic trauma,
caused by sounds that originated because of application of military armament, as
arule, has a component of rapid change pressure — shock wave.

At acoustic trauma, caused by the use of different armament (for example,
at a minc-explosion) there is complex influence on the structures of organism and
hearing system in particular. The components of such influence are impulsive me-
chanical energy, that arises up in the moment of explosion and the transmitter of
which is the air environment, and also powertul sound eftect. More slow distribu-
tion of sound-wave with low sound pressure stipulates circumstance that quite of-
ten influence of sound comes on structures on which a shock wave has influenced
already, thus sound effect in such case comes in combination with an emergent
vibration. The more meaningful is influence of mechanical component, the more
destructive is a negative action of complex of factors at combat acoustic trauma.

The cases olacoustic trauma and acoustic barotrauma are very difficult clear-
ly to divide clinically that creates terms for certain speculations. It is expedient to
set the diagnosis of acoustic barotrauma in case of obvious signs of meaningful
influence of changes of pressure — lesion of the sructures of middle ear (tearing of
eardrum, damage of chain of auditory ossicles) or a diagnosed contusion.

At considerable acoustic barotrauma both the system ot sound transmission
and of sound pereeption are being damaged. The violations of structures of trans-
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mission lay in the origin of ecdema of tissues, tearing of cardrum; damages of
transmission lever structure of middle ear up to the breakage of chain of auditory
ossicles, there can be an increase of pressure (traumatic hidrops of labyrinth) and
violation of circulation of inside-labyrinth liquid, and other. However not always
the damage of the conductive system of middle car — for example, as a tecaring
of eardrum, testifies the severity of the lesion of the hearing system overall. This
mechanism is intended to be in some degree as protective, that is why quite often
the tearing of eardrum, preventing thus to transmission on the structures of re-
ceptor apparatus of the hearing system irritations of excessive intensity (both the
sound and pressure). provides greater safety of these structures.

As a rule, when a patient has influence of acoustic barotrauma, then next
to perceptive violation of hearing, certain disorders of the system of sound trans-
mission (from violations of protective mechanism of middle ear to the tearing of
car-drum and chain of auditory ossicles), lesion of vestibular apparatus, signs of
violation of the stato-kinctic equilibrium. Also often such patients have signs of
contusion — the concussion of tissues as a result of action ol shock wave. This
concerns both the structures of the hearing system and other organs, first. brain.

On the other hand. with acoustic trauma there is also dircct influence on the
central part of hearing analyzer, that should be considered in the diagnostics of the
acoustic barotraumatic lesion of the hearing system. Quite often there are cases.
when at insignificant changes in the receptor part of the hearing analyzer and mod-
crate decline of hearing function from the data of subjective audiometry the ex-
pressed disorders take place in functioning of the brainstem and cortex structures.

Sounds are an adequate irritant for the hearing system, that is why cn cx-
cessive influence of sound has such a sighting and heavy injuring influence that
results in a damage and even destruction of structures of the hearing system.

The systematic action of sounds of high intensity is realizing not only on the
structures of the hearing system but also on the whole organism of the affected,
first of all it concerns central nervous and also cardiovascular system should be
also considered. Therefore with acoustic trauma next to aurals (that concerns the
state of different parts of the hearing system) take place and expressed extraau-
ral disorders (from the side of organs and systems unconnccted direetly to the
structures of the hearing system, but the state of which influences on the hearing
function). First it concerns central nervous and cardiovascular systems (cerebral
circulation of blood mostly). Thus quite often exactly the severity of extraaural
changes determines a prognosis and scverity of the condition of patients with a
sensorineural hearing loss (SHL), including with acoustic trauma. Quite often
SHL at acoustic trauma develops exactly in reply to vascular disorders (including
thosec vascular violations, that appcarcd because of system action of noise of high
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ntensity, and stress factor, — for example, vasospasm) or on a background already
existent violations in the cardiovascular system.

Will notice that a contusion 1s not the synonym to acoustic trauma. A contu-
ston 1s a complex of lesion of human organism, first of all of CNS, as a result of
action of shock wave and emerging concussion of tissues. It is a noncontact lesion,
that can result to a concussion, contusion of tissues, first of all brain, CCBT. Also
senstble can be mternal organs: however on the first plan in such cases comes for-
ward a symptomatology cxactly from the side of CNS, as a brain is very sensible
to such nfluences, concussions, contusions. However displays of damage of the
hearing system because of acoustic trauma, acoustic barotrauma can be accompa-
nied, or not by the contusion, both structures of the hearing system and other or-
gans. On the other hand, contusion, as a lesion of CNS, can be also, accompanied
by certain disorders from the side of the hearing system, such as stun, stuffiness of
the cars, subjective noise, ringing in the head, certain coordination disorders. Such
displays can disappear in time (at adequate neurological treatment), and injury of
the hearing system cannot be much expressed. Therefore, we consider correlation
of acoustic barotrauma and contusions of brain as the combined pathology that
worsens the state of patient and strengthens the displays of each other.

Now a certificate about an event with pointing to the acoustic baro trauma
fighters can get only at presence of mine-explosive trauma or contusion. But really
characteristic complaints of servicemen, that were in corresponding circumstances
(battle-field, combat-contact, pointers from a weapon, including on a polygon)
alrcady can testity about the possibility of acoustic traumatic lesion of the hearing
system. [t they have typical violations during the inspection, then it confirms the
diagnosis of acoustic trauma. On the other hand, a contusion or mine-explosive
trauma can be not accompanied by sensorincural violations of hearing.

[n this work we foremost discuss the question of sensorineural violations of
hearing function with acoustic trauma. In such case a basic diagnosis is a «sen-
sorineural hearing loss». Acoustic trauma, acoustic baro trauma are marked as
clarification of diagnosis. Sensorincural hearing loss (SHL) is an independent po-
lietiologic disease with difficult pathogenesis. Thus, acoustic trauma, as influence
of sound (noise) is one of etiologic factors of origin of SHL.

The harmful influence of noise is one of leading etiologic factors of SHL.
Among noise factors, in turn, the special place occupies influence of sounds of
high intensity — acoustic trauma, that can cause the considerable damage of the
hearing system. Exactly with influence of powerful sounds, that quite often is
accompanied by a shock wave while using the different types of armament deal
the serviceman during implementation of official duties that makes the acoustic
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baro-traumatic lesion of the hearing system a professional pathology for this con-
tingent.

Thus, the acoustic trauma is only one of reasons that cause SHL. However,
having regard to specificity of lesion of the hearing system in such case. and also
the presence of characteristic changes from the data of complex instrumental in-
spection, including objective methodologies, the presence of acoustic trauma it is
expedient to represent in a diagnosis. In addition, there are features of providing
help to such patients, and certain criteria in the plan of determination of heaviness
and prognosis of disease. Having regard to a basic contingent with the acoustic
traumatic lesion of the hearing system — service members. an important place is
occupied by the questions of step-by-step help to the patients, expertise and pro-
fessional suitability of affected.

Therefore, it is expediently in a diagnosis on the first point put the sensori-
neural hearing loss, but necessarily marking the ctiologic factor —acoustic trauma.
If sensorincural violations are accompanicd by disorders of sound conducting, it
must be represented in a diagnosis. Provide examples of formulations of diagnoses
in such cases:

The sensorincural bilateral hearing (D>S) loss with violation of legibility of
speech test. Violation in the receptor part of the hearing analyzer, phenomenon of
PAGL. Acoustic trauma.

A left-side sensorincural hearing loss with attraction of central parts of hear-
ing analyzer from data of AEP (auditory evoked potentials). Violation of the func-
tion of sound conducting on the left side. Cicatrical changes of ear-drum on the
left.

Progressing bilateral expressed sensorineural hearing loss (D>S) with vi-
olation of legibility of speech test and disfunction of central parts of the hearing
analyzer from data of SHL. Acoustic (rauma.

Will notice that such diagnosis can sct only specialist on the basis of data of
instrumental research thus, 3 or 4 levels of providing help). That is why approxi-
mate diagnostic tasks on different levels can look like this:

I level: determination of contingent with possible acoustic trauma, acoustic
baro trauma for direction on a higher level

2 level: Acoustic trauma, acoustic baro trauma. Violation of hearing. Vestib-
ular disfunction.

3 level: Perceptive, conductive or combined violation of hearing function.
Scnsorincural hearing loss with violation (or without) of legibility of speech test.
Phenomen of PAGL. Violation in the system of sound conducting. Determimation
of parameters of subjective car noise. Acoustic trauma, acoustic baro trauma. \'es-
tibular disfunction.



4 level: Fmal, concerete, extended diagnosis. Violation in the central parts of
hearing analyzer. Acousuc trauma, acoustic baro trauma. Central vestibular syn-
drome.

As well as other forms of SHL, acoustic traumatic sensorineural hearing
loss 1s divided mto acute (to | month), subacute (to 3 months) and chronic (over
3 months). Thus, as well as at SHL of many other ethiologies. a disease is prone
to progressing and needs a supervision and periodic treatment with the aim of
warning ol worsening ot the state of patient. At repeated acoustics trauma, sud-
den worsening m the state (activation of process, exacerbation) the (reatment are
provided as at acute as at subacute acoustic traumatic SHL. Treatment of acute,
subacute and exacerbation of chronic combat acoustic trauma with perceptives
component is provided in the conditions of hospital by a complex course ( de-
sirable on 3-4 levels) on the duration of 3 weeks, periodic treatment of chronic
acoustic traumatic of SHL can be carried out in an ambulatory or in day hospital,
depending on the severity ot aural and extaaural violations.

The complication of diagnostics of acoustic trauma lays in the reason that at
an external examination such violations practically are not evident. For determina-
tion of violations in the hearing system and degree of their severity the instrumen-
tal inspection of patients is needed. Really a general practitioner (or in the condi-
tions of the armed conflict sanitar instructor, medical assistant, doctor of military
subdivision) can be oriented only on the specific complaints of patients, data of
acumetry (a patient is asked to repeat the words of whisper and speaking), signs of
coordination disorders, stato-kinetic equilibriumn. In addition, it is to notice an evo-
lution of fluid or blood from the car in small amount that can testify about the rup-
ture ol cardrum and damage of structures ot middle ear. However, the presence of
such sign docs not testify about the severity of acoustic trauma. Conversely, often
the rupture of cardrum protects the structures of internal ear from destruction. On
the other hand, the signs of rupture of cardrum testify about the absolute presence
of exactly baro-impact. It is also possible to investigate a nystagmus, some tests
for determination of the state of stato-kinetic equilibrium for confirmation of the
damage of vestibular apparatus (for example, finger-nose test, and sustainability in
the pose of Romberg). That is why on some stages of evacuation the selection of
paticnts is possible only by certain signs for a further inspection on the higher lev-
els of providing help. It is also possible to implementate the certain base curative
measures for warning of considerable violation of the hearing function in future.

A clinical inspection acquires a special importance on the first stages of pro-
viding medical care for the injured in the zone of operation of allied forces — by
the physicians of soldiery parts, front-line combat hospitals and hospitals. There,
as a rule, there is not the sufficient equipment and quite often time for inspection of
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paticnts is limited before their evacuation in other curative establishments farther
from the line of collision (what actualise the question of sorting of patients). In this
plan of the special value acquires accenting of attention on the most characteristic
complaints of patients, that got acoustic trauma (acoustic baro trauma),

In the plan of the first diagnostics of sensorineural violations of hearing
with acoustic trauma the most common are clinical methods. careful analysis of
complaints and data of anamnesis. It allows to chose the contingent for a further
inspection. On the next stages depending on diagnostic possibilities of curative
establishment instrumental inspections are conducted. including the objective
mcthodologies. It is important to apply all present diagnostic potential to the aim
of revealing of violations in different parts of the hearing analyzcr, and extraaural
disorders. As a rule, the instrumental specialized rescarch can be provided on third
level with the using of present in establishment equipment. On fourth level all
spectrum of equipment that are used at modern world level in audiology are used.

The study of sensorineural violations of hearing undertaken by us at combat
acoustic trauma, got in the zone of operation of allied forces, by means of complex
clinical and instrumental examinations allowed to define the most informative in-
dicators that characterize violations in different parts of the hearing analyzer in
such patients.

The patients with combat acoustic trauma have considerably expressed com-
plaints about subjective ear noise, unpleasant, including pain feeling in cars, stuff-
incss in ears, poor tolerance of loud sounds, dizzincss. unbalance, stunned, decline
of hearing function, expressed in a different degree. Many service members have
subjective car noise of permanent character with periodical increasing. Often it
has «difficult» descriptions, for example. high-frequency tone on a background of
noise of middle intensity. The intensity of ear noise sometimes reached to 10-15
dB above a threshold that inflicted to the patients suffering and substantially influ-
enced on a general feeling. The inspected by us patients that got acoustic trauma
in the zone of realization of combat actions, often had complaints on hecadache,
increased irritability, heaviness in area of back of head, sleep disorders. Obviously.
that significant quantity of present complaints represents violation of functioning
of the central nervous system that affects the central parts of the hearing analyzer
also. The presence of such complaints significantly influenced on the general fecl-
ing of paticnts and changed quality of their life.

According to our data, the most frequent and most expressed complaints
in the examined by us patients with combat acoustic trauma were: decreasing of
hearing function (100%), subjective ear noise (81,9%). headache (80.8%), heay i-
ness in the head (59,3% of cascs), stun (74.8%) and stulfincss of the cars (64,8%0)
immediately after acoustic trauma, dizziness (61,5%), disorders of balance, coor-
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dination (42.5%). pain in the cars (41,9%) after acoustic trauma. Often (58,9%)
of them mentoned that their get annoyed of loud noises, especially of high fre-
quency. The duration and severnity of such feclings as stun, stuffiness of the ears,
dizziness, car pain, imbalance (unsteadiness of gait), and the intensity of the noise
should be taken mto account. The long lasting stuftiness of the ears, stunning,
dizziness, violaton of coordination, the presence of intensive high frequency
noise, according to our data. are unfavorable prognostic signs of the onset and
progression of SHE in patcents with the acoustic trauma. The longer, for example,
stutfiness of the cars and stun after acoustic trauma continued, the more expressed
sensorineural disorders developed in the future in this case. If the stuffiness of the
cars, stun, pain in the cars, impaired balance disappeared quikly, the better was the
prognosis in paticnts with acoustic trauma.

In order to optimize the process of examination of persons with acoustic
trauma who suffered in the zone of operation of allied forces, we developed a
questionnaire as a supplement to the patient examination map, medical history,
outpatient card, which simplifics the work of the physician (Appendix 1). It fo-
cuses on the most informative features and systematize it that allows to identify
patients with a possible damage of hearing and vestibular systems and to estimate
in advance the severity ol hearing impairment. The questionnaire can also be used
by non-medical officer for prior estimation of the state of patients with acoustic
trauma. We have experienced the filling these questionnaires by the service mem-
bers themselves, which also contributes to a more rapid and precise retrieval of
information by doctors.

We recommend applying the proposed questionnaire in all stages of pro-
viding medical treatment for those affected in the zone of the fighting with the
possibility of damage of the hearing analyzer, if possible. The questionnaire for
patients with acoustic trauma greatly facilitates the work of medical workers and
paramedics, as well as service members themselves can fill it. The proposed meth-
od of organizing the data of the anamnesis and complaints, reflected in the ques-
tionnaire developed by us, allows selecting patients for further examination and
providing targeted specialized medical assistance. When there is a suspection of a
possible acoustic trauma or acoustic baro trauma, it is advisable to conduct at least
the minimum audiological examination as soon as the opportunity arises.

[n case when the patient is unconscious, for the selection of affected with
possible acoustic trauma you can focus on the following symptoms: discharge of
blood, fluid from the auditory meatus; signs of head injury; injuries to the head;
signs of increased intracranial pressure, cycwitness testimony about the impact of
powertful shock waves.
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On the 3 level of medical assistance diagnostics of disorders in the hear-
ing system provides otolaryngologist, which can examine the patient competent-
ly. Sometimes such specialist may be on the 2 level. When conducting otoscopy.
there is a dull eardrums, thickness of it; injection of the vessels in the course of the
handle of the hammer in patients often. There may be some flattening of the con-
tours and the reduction of the light reflex. Part of these patients revcaled signs of
traumatic rupture of car drum (perforation, scarring). However, it should be noted
that in the majority of patients with sensorineural disorders of hearing function
due 1o the acoustic trauma there is no visible at normal otoscopy signs ol damage.
In addition, it is advisable to pay attention to the changes of nasal breathing, con-
dition of the nasal cavity and paranasal sinuses, the hearing tube function in this
contingent of patients. It is important because preserving satisfactory nasal breath-
ing and active functioning of the hearing tube is of great importance for the im-
plementation of protective mechanisms of the hearing system in acoustic trauma.

From the instrumental methods at the second and third level of medical care
in the system of the MFU can be available evaluation of the hearing function ac-
cording to psychoacoustic methods of subjective audiometry, although not always
in full volume. Nowadays the subjcctive audiometry remains the most accessible
and sufficiently informative method of research of hearing function. At least, usu-
ally it is possible to perform tone threshold audiometry.

We have analyzed the data of subjective audiometry in affected person who
got acoustic trauma in the combat zone during the combat actions for 2014 —
2016 and asked for help in SI “0.S.Kolomiychenko Institute of otolaryngology
of NAMS Ukraine™, clinic of otorhinolaryngology of Military medical clinical
Centre of South Region. Information also based on the data of 61 mobile military
hospital — there were althougether more than 650 people.

According to the data of subjective audiometry in patients with acoustic
trauma obtained in real combat terms we revealed violation of sound pereeption,
expressed in various degree. more often it was bilateral asymmetric lesion of the
basal or mediobasal parts of the cochlea. The violation of hearing in examined
paticnts of this contingent are often accompanicd by disturbances of pereeption
of speech test, slow growth of its legibility, cases of discomfort. reduced or rela-
tively low DT of Luscher, especially in the region of 4 k7, which indicates about
the lesion of the receptor part of the hearing analyzer in such patients. 1t is worth
noticing that srvicemen with acoustic trauma feel discomfort in the pereeption
of speech test already at an intensity of 70-80 dB with small disorders ol hearing
function. In general, amongst the examined patients with acoustic trauma obtamed
in the zone of combat activity, the violation of the speech legibility test was ob-
served in 29.4%, low or reduced levels of DT of Luscher — 26,5%. 1t 1s known



that low DT method of Luscher, and paradoxical drop and slow growth of the
speech test indicates about the dysfunction of the cochlea and the presence of
the phenomenon of accekerated growth of the loudness (PAGL). The presence of
PAGL sigmficantly aftects on the health of patients and is a bad prognostic sign.
In general, these or other signs of violations in the receptor part of the hearing an-
alyzer were detected by us according to the subjective audiometry in the majority
(79.6") of the examined paticnts with acoustic rauma obtained in real combat
conditions. [tis worth noticmg that according to the data of OAE at a frequency
distortion products (DPOAE) in patients with combat acoustic trauma, objectively
confirmed the violation of the receptor part of the hearing analyzer, first, the outer
hair cells. This was manifested by the absence of registration, partly by a positive
response of small amphitude, that indicates about the inhibition of the activity of
the outer hair cells of the neuroepithelium of the cochlea.

During the systematization of the obtained data, we revealed that all the
results of the examination of hearing function of the service members with percep-
tive hearing loss according to subjective audiometry fit into several characteristic
types [9]. The largest group among all of the studied by us audiograms made
top-down often — abrubt type of audiometric curve. Typical was the maximum
increase in hearing thresholds for tones in the region of 4-8 kHz. Such cases of de-
scending tone audiograms was 76,0%. Often patients with such descending curve
had a kind of peak of higher thresholds at a frequency of 4 or 6 kHz, followed by
some decline in the region of 8 kHz — typical “acoustic traumatic peak™ (46,3%
ol cases among all of the analyzed audiograms and 60,8% amongst the descend-
ing). Many patients had characteristic acoustic traumatic “peaks” not only in the
conventional range, but also in the curve in the high frequency range. In any case,
the increasing of hearing thresholds to tones 4 and 6 kHz were observed in the
vast majority of the examined patients with combat acoustic trauma. Many pa-
tients with acoustic trauma had “breaks” of the perception to tones in conventional
frequencics (28,9%), and more often to tones 4 and 6 kHz, but sometimes it even
started from 2-3 kHz. ’

The «acoustic traumatic peak» is a very characteristic feature. It is looks like
some kind of a peak of higher thresholds of hearing sensitivity at a frequency of 4
or 6 kllz, followed by some decline in the area of 8 kHz. It is easily recognized on
the audiogram by all the doctors otolaryngologists (and not only) of any skill level.
We consider it is possible (o diagnose «acoustic trauman» in patients with acoustic
traumatic peak on audiometric curve (of course, with accounting and other data)
even with the absence of documentary evidence of acoustic trauma, contusion,
mine-blast injury and other circumstances (if the servicemen were in a combat
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zone and were in contact with the sounds of high intensity duc to the use of mili-
tary weapons).

Quite often the characteristic “peaks™ of increasing of hearing thresholds is
obscrved not only in conventional but also in the extended frequency range. Such
changes are characteristic for acoustic trauma, especially in early stages. This fea-
ture can be used as one of the markers of acoustic traumatic injury of the hearing
analyzer while deciding the expert questions. Subsequently. with the absence of
adequate treatment and preventive measures, more profound violations are pro-
gressing in the hearing system and decreasing hearing function becomes more
significant and involves a larger range of frequencies. Then acoustic traumatic
peak may not be observed because often at these [requencies takes place a “break™
of perception.

Many patients had characteristic acoustic traumatic «pcaks» as in the con-
ventional range, but also in the curve in the high frequency range. An example of
such an audiogram is shown at Pic.1. This paticnt has another notable example
such as «polygonal» curve.

The disorders of hearing function in examined patients with acoustic trauma
were mostly bilateral (88,1%). Almost symmetrical of them were 26.0% of cas-
es. asymmetrical 73,9%. The unilateral disorders of hearing function occurred in
11.8% of service members. Among all surveyed audiograms of servicemen zone
of combat actions cases, asymmetrical disorders of hearing function (including
one-sided) were 77,0%.

The data of high frequency audiometry is a study of auditory sensitivity to
sounds of the extended (16-20 kHz) frequencies, which is possible to conduct
only at the fourth level, in the examined patients with acoustic trauma were very
heterogencous; often sounds at this range were not perceived at all by the affect-
ed. According to the high frequency tonal audiometry. we often observed “break-
age” — lack of hearing sensitivity to tones of the extended (9-16 ki17) frequency
ranges, and often it were asymmetrical. At different frequencies the “breakage™
was observed in 69,7% of cases among all patients who underwent threshold tonal
audiometry in an extended frequency range.

So, here is a bricf description of the types of audiometric curves, we selected
patients with acoustic trauma obtained in actual combat conditions (P1c.2. Annex).

As il was noted above, the vast majority ol analyzed by us audiograms of
fighters from the zone of operation of allied forces had a descending type of tone
threshold curve (76,0%). All patients with acoustic trauma that had descending
type of audiograms, were divided by us into three groups according to the degree
of severity of disorders of hearing function. Morcover, the separation occurred at
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Pic.1. An example of audiometry in service members with a characteristic «peaks» of high-
er thresholds in conventional and extended frequency ranges with acoustic traumatic lesion
ol the hearing analyzer.
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a frequency of similar changes that we observed in the examined affected in the
zone of operation of allied forces, as well as with certain key differences.

The first group consisted of patients who had unexpressed disorders of hear-
ing function with a primary lesion of the basal part of the cochlea (37.9% of the
total, 49,9% of all cases of downward type curve). The violations variated from
the initial (small to 15-20 dB increase in hearing thresholds in the high {requency
area of the conventional range, «characteristic peak» in the background of almost
normal perception thresholds at other frequencies) to quite significant abrupt vi-
olations in the high frequency area and the signifacant characteristic peak with a
maximum increase of hearing thresholds up to 50 dB. The violation of the hearing
sensitivity mainly started from the frequency of 2-3 kHz. It is worth noticing that
among patients in this group a characteristic peak in the audiogram was obscrved
in 55,4% of cases, signs of slowing growth intelligibility of speech test in 23,1%,
relatively reduced DT of Luscher at a frequency of 4 kHz at 77.4%.

The second group consisted of cases with descending type of audiometric
curve and lesion of mediobasal part of the cochlca (higher thresholds of hearing
sensitivity started from 1-2 kl1z) or steep abrupt type with significant sharp viola-
tion in the high frequency area with higher thresholds of hearing scnsitivity more
than 50-60 dB. In some patients of this group (24.8%) increase in hearing thresh-
olds began from tone of 500 Hz. Quantitatively, this group made up 26.8% of all
examined patients with acoustic trauma, and 35.3% of all cases of downward type
curve. Often patients in this group had breakage of perception at frequencies 6-8
kHz (45,7%). Paticnts in this group had often violation of the specch intelligibili-
ty test (51,9%), signs of discomfort (9,3%), violations according about threshold
tests were relatively reduced and reduced DT at Luscher at frequency 2 and 4
k7 (91,5%). Among patients of this group characteristic peak on the audiograms
occurred in 39,5%.

The 3 group consisted of affected with severe impairment of the hearing
function. a descending type of audiometric curve, lesion of mediobasal part of
the cochlea, often with breakage of perception to tones of a conventional range.
Quantitatively, this group made 11,3% of the total number of examined, 14.8%
of all cases of downward type curve. The increase in hearing thresholds ol tones
in patients started from 0,5-1 kHz (51,8%). or were observed throughout the all
conventional tone-dial, and began from 0,125 k117 (35.2%). Often patients in this
group had breakage of perception already from the frequencies of 1-3 k117 (9,3%).
In general, breakage of perception in the conventional frequency range in fighters
of 3 groups was observed at 87,0% of cases. Most patients of 3 groups had vio-
lations of the speech intelligibility test (94.4%), speech discomfort was 12.9% of
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the patients. A relatively reduced and reduced DT of Luscher at frequencies 2 and
4 kHz were observed inall 3 groups of examined (100,0%).

To group 4 we have added attected with bottom going, almost horizontal type
curve (14.8% ol the total quanuty). The hearing violations primarily concerned the
whole tone scale, that started from the frequency of 0,125 kHz. The level of per-
ception ot thresholds of tones throughout the tone scale ranged in this group from
30-40 10 60-70 dB. The 71.8%% patients of this group had violations of the speech
mtelhgibihty test, lower DT ot Luscher at frequency of 2-4 kHz at 83,1%.

The 5 group included patients with acoustic trauma, who had an interesting
type of curve in the form of «poligonal» line or with a peak of incresing threshold
of audibility at frequency of 1-2 kHz «carhart-same» peak (7,5% of all analyzed
audiograms). Obviously, as a result of a powerful sound comes specific lesions of
the hearing system. At 36,1% of the patients in this group were found violations
of the speech intelhgibility test, 61,1% — reduced DT Luscher, mainly in the area
of 4 kHz.

The 6 group consisted of patients with a local increase of the threshold of
hearing sensitivity to tones of low frequency — with the lesion of the apical part
of the cochlea (1,8% of the total number of observations). Violation of the speech
mtelhgibility test were detected in one third (33,3%) of military personnel with
this type of audiograms.

Therefore, more informative for determining sensorineural disorders of
hearing function in individuals who reccived acoustic trauma in real combat con-
ditions, according to the subjective methods of examination are:

- Complaints of hearing loss; deatening, congestion and pain in the ears after
acoustic trauma; poor tolerance of loud sounds, dizziness, imbalance, headache,
important symptom is subjective tinnitus, especially of high frequency. Moreover,
the attention should be paid on the duration and severity of such feelings;

— increase of hearing thresholds for tones in the region of 4-8 kHz of con-
ventional, as well as 14 and 16 kHz extended frequency range down to the type
of tonal audiometric curve, often — obruptive. It is often takes place characteristic
«peaks» of increase in hearing thresholds at the tonal curve with the greatest one
in threshold at 4-6 kHz and 12 kHz - “acoustic traumatic” peak. It can be observed
“breaks™ of perception, especially in the extended range of frequencies;

= violation of the speech intelligibility test (often slow growth); the presence
of discomfort, including spcech, often without any other violations of intelligibili-
ty; the discomfort and the violation of intelligibility can be observed in the absence
of significant disorders of hearing function (defined dissociation characteristics);

— Reduction of difterential thresholds (DT) by method of Luscher, especially
in the region of 4 kHz;
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And on these indicators in the first place should be paid attention when ex-
amining the affected in order to identify violations of sensorineural hearing func-
tion due to acoustic trauma.

We have identified various degrees of dysfunction of the vestibular system
in almost all patients affected by acoustic trauma received in a combat zone. Pre-
dominantly it was vestibular dysfunction in a way of central vestibular syndrome
or mixed forms of lesions with different degree of compensation. Vestibular dys-
function is often accompanied by violations of stato-kinetic equilibrium, disritmic
nystagmus according to the electroencephalography: many of the examined had
the “mute™ field. Often, such manifestation was asyminetric.

The most complex examination of changes in the hearing system, of course.
is on the 4th level of medical care where there is a possibility to usc all the essen-
tial spectrum of diagnostic equipment and the expertise of the appropriate level.

Recording of data of objective methods of complex audiological examina-
tion allows reliably, detailed and fully diagnosc disorders in different parts of the
hearing analyzer, as well as extraaural manifestations, contribute to a focused pre-
scription of the complex treatment to the patients with acoustic trauma that were
in the arca of combat action’, which increascs its effectiveness. This allows (o pre-
vent the progression of hearing loss and the formation of severe SHL in this cate-
gory of patients. Therefore, there is no doubt the feasibility of a complex examina-
tion of the servicemen with combat acoustic trauma. at the highest (3 and 4) levels
of assistance and the timely application of a targeted therapeutic and preventive
measures. This greatly increases the effectiveness of treatment of sensorineural
disorders associated with acoustic trauma lesion of the hearing system in service
members. So, of course it might be considered in the algorithm for providing care
to this contingent in a way that they were as soon as possible evacuated on the 3rd
and 4th level of medical care.

For the assessment of central (brainstem and cortex) parts of the hearing ana-
lyzer, we used the method of recording auditory evoked potentials (AEP): short-la-
tent or brainstem (SLAEP, ABR) and long-latent (LLAEP) or cortex. Itis a recog-
nized objective method that allows to obtain accurate data about the state of the
central parts of the hearing analyzer and closcly located structures of the brain and
it has widespread use in otolaryngology, otoneurology, neurology and ncurosur-
gery. The method can reliably detect abnormalitics in the functioning of the central
parts of the hearing analyzer, including in the carly stages of discase. Especially
important is that this method allows to obtain information about carly functional
changes in the brain before structural changes in tissues, being noninvasive and not
requiring active patient involvement in the rescarch process (which, among other
things, provides for the possibility of rescarch in an unconscious state).
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Our studies have shown that the central parts of hearing analyzer suffer be-
cause of the combat acoustic trauma. While studying the state of the central parts
of hearing system according o the registration of hearing evoked potentials we
have identfied violations in the cortex part of the hearing analyzer according to
LEAEP i all (100%%) of the examined servicemen with acoustic trauma and in
86.4% of cases i brainstem structures according to SLAEP. Therefore, violations
i the central parts of the hearing analyzer were detected in all the examined pa-
tients with combat acoustic trauma. These changes developed rapidly, were ex-
pressed i varying degrees and include cortical and subcortical structures, and a
stgnificant part of the examined had quickly attracted the brainstem parts of the
hearmg analyzer,

The significant alterations in the functional state of CNS in this contingent,
adjustment disorder, PTSD (post traumatic stress disorder), acute stress reaction
and other disorders that develop in servicemen in a combat zone, due to the ex-
tremely stresstul situation causes the presence the lesions of the of the sensory
systems in aflected. including the central parts of the hearing analyzer.

The violations according to AEP manifest themselves in changes of the com-
plex peaks (their smoothness, the presence of additional waves, decrease or, on
contrary. the increase of the amplitude, the answer was unclear), as well as the
elongation of the temporal characteristics of the latent period of the peaks of the
waves (LPP) and inter- peak intervals (IP). Often AEP data was somewhat asym-
metrical. It is worth reminding that according to subjective audiometry, the vast
majority of the examined patients with combat trauma also had an asymmetric
impairment of the hearing function. Perhaps the change in the central parts of
hearing analyzer in affected in the zone of operation of allied forces also occur
asymmetrically.

In Pic 3 shown the entry of SLAEP of patient K.. It is seen, that left complex
has smaller SLAEP amplitudes, the peaks are smoothed, and the latent periods of
the peaks (LPP) II, 11T and V are clongated. On the right peaks are more clear, but
itis clear elongation of LPP I, I1 and 111 of the SLAEP waves. Consequently, there
is the asymmetry of the responses of brainstem structures by the shape of curve,
amplitude and temporal characteristics of peaks.

In pic. 4 there is recordings of LLAEP of serviceman C.. It is seen, that the
amplitude of the response is reduced, LPP components LLAEP primarily P, and
N, are increased, there are additional waves in the complex, which confirms the
prevalence of processes of excitation in the CNS. The significant lengthening of
the LP N, LLAEP (over 300 ms) was registrated.

Nute\vurlhy that almost all (89,8%) of examined by us servicemen with
acoustic trauma who have had violations in the cortex part of the hearing analyzer,
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Pic. 4. Entry of LLAEP in patient with combat acoustic trauma C

had the changes of LPP «late» components of LLAEP. Itis known thatin the mod-
ulation of late components P, and N, LLAEP participate limbic structures of the

brain which are the integrative system of perception of stimuli through the sensory
organs and support the tone of the cerebral cortex. These are the structure of retic-

ular formation which are «responsibley for intracercbral communication, ensuring
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communication and coordinated work of various sections and structures of the
braim, perception of information coming from sensory systems, thus facilitating
the implementation of complex functions. including the so-called «watchdog re-
flexesy and stress reactions. The development of severe progressive SHL in case
ol acoustic trauma obscrved on a background of violations in the central parts of
the hearing analyzer and the hmbic-reticular brain structures that may reflect on
the dhsorder of the processes of central regulation of the hearing system, and the
tatlure of compensatory mechamisms in the implementation of stress reactions in
response lo combal acoustic trauma.

So. according to AEP i serviceinen who got acoustic trauma in the zone of
operation ofallied torces, we identified a significant impairment in cortex, subcor-
tex. and bramstem structures of the hearing analyzer, as evidenced by significant
lengthening of the LPP component P, and N, of LLAEP and I1, 111, IV and V of the
SLAEP waves, and IPT1-V, respectively. Violations in the cortex parts of hearing
analyzer according to LLAEP was detected in all (100%) patients with acoustic
trauma that were in the zone of operation of allied forces, and in 89.8% of them
had dystunction of subcortex nuclei. The changes in the brain stem structures of
the hearing analyzer took place according to SLAEP in 86,4% of the examined by
us servicemen with combat acoustic trauma.

The analysis of data of AEP in 50 servicemen who received acoustic trauma
during performance of professional duties in a zone of operation of allied forces
(soldiers of the armed forces, National guard and volunteer battalions), with the
most typical forms of audiometrie curves (descending) and severe sensorineural
hearing loss (at frequencies of 4, 6 and 8 kHz the values of the average hearing
thresholds for tones were (35,34:4,82), (40.48+3.92) and (49,84+3,85) dB, re-
spectively), we obtained the following average data the temporal characteristics
of SLAEP and LLAEP. So, LPP II wave of SLAEP in examined patients of this
group made (2,98:0,03) ms in the control value (2,66+0,04) ms (t=6,4; p<0,01),
LPP V (of 5,98£0,04) ms at normal (5,5240,03) ms (t=9,2; p<0,01); IPI -V
formed in the examined patients (2,18+0,04) ms in the control value (1,89+0,03)
ms, (t=5,80: p<:‘().()'l ). and IPI I-V — (4,28+0,04) ms at normal (3,9640,03) ms
(1=6,40; p<0,01). As for the indicators LLAEP, the LLPP component P, in the stud-
icd group of patients with acoustic trauma was (189,6+2.4) ms while the value
in the control group (175,9+2,6) ms (1=3,87; P<0,05) and N, —(302,2+3,8) ms at
normal ( 251,4+£3,1) ms (t=10,36; P<0,01).

Thus, during combat acoustic trauma violations occur not only in peripheral
but also in central parts of the hearing analyzer. According to hearing evoked po-
tentials in patients with acoustic trauma from the zone of combat actions there are
violations in the cortex, subcortex and brainstem structures of the hearing analyz-
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cr, expressed in various degree. The central parts of the hearing analyzer, including
deep brain structures is being rapidly attracted in these patients. The data obtained
confirms the important role of state of brainstem and cortex parts of the hearing
analyzer in the development of sensorincural disorders with acoustic trauma ob-
tained in real combat conditions.

The method of registration of otoacoustic emission OAE is an objective
method of assessment of receptor part of the hearing analyzer, based on the fact
that the cochlea generates acoustic echo of low intensity in response to sound
stimuli in individuals with normal hearing. This acoustic phenomenon is recorded
using a special sensitive equipment. Today, there arc several classes of otoacoustic
emissions, among which the most oftenly used and the most informative are two
types of methods — delaved (TEOAE), and the frequency of the distortion prod-
ucts (DPOAE). The last one has the greatest dizgnostic value. The information
obtained actually reflects the functional state of outer hair cells from base to apex
of the cochlea.

We conducted studies by the DPOAE in patients with acoustic trauma who
were in the combat zone. In a significant part of the examined patients with combat
acoustic trauma, the positive response of the OAE was not registered at all. Thus.
during the analysis of data OAE of 50 servicemen from zone of combat actions
with the most typical disorders of hearing function the type of the audiometric
curve and the degree of scverity (average) answer was not registered at 60.6%
of cascs. In 26,3% of cases was received a partially positive response of small
amplitude, indicating that inhibition of the activity of the outer hair cells of neu-
rocpithelium of the cochlea. A full responsc to all frequencies that was studied in
these patients with acoustic trauma obtained in actual combat conditions was got
only 13,1% of cases.

It is worth reminding that according to subjective audiometry in the exam-
ined by us patients with acoustic trauma obtained in the zone of operation of allied
forces, often there are significant sensorincural hearing disorders with symptoms
of recruitment, which indicates dysfunction of the receptor part of the hearing
analyzer.

During the study of OAE in scrvicemen with combat acoustic trauma we
have identified the specific feature in detected violations. For example. they often
had such a paradoxical pattern of responses on the frequency of the distortion
products (DPOAE). Although according to the data of subjective audiometry (pure
tone threshold and subthreshold) of the examined servicemen revealed lesions of
the hearing receptor system and the decline of hearing function mainly in the high
frequencics of conventional range, especially in the arca of 4-8 k17, which in-
dicates a lesion of the basal part of the cochlea, according to the OAL, we often
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observed saving of response ot the outer hair cells at the highest frequency with
the absence at the lowest, or «selectiven sensitivity «piecemeal». This result of
the study indicates that sound and reaction of the external hair cells of Kortiev
organ at a given (high frequency) area. Often preserved response of cochlea at the
frequency ot 4 kHz, contrary to expectations, according to data of tonal threshold
audiometry. Note that in protesional SHL of noise genesis, as a rule, OAE is the
first to suffer m generation in the high frequency range.
On pic. 5 shown an example of a partial OAE in examined patient.
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Pic. 5. Entry of OAFE on the frequency of the distortion products in servicemen K.

Thus, our studies demonstrate the importance of research of OAE in service-
men with combat acoustic trauma. The obtained data are important for carly detec-
tion of hearing impairment, objective statement of changes in receptor part of the
hearing analyzer. Identified by the method of registration of otoacoustic emission
changes in patients with acoustic trauma obtained in the zone of operation of allied
forces, arc essential to the objectification of early symptoms of sensorineural hear-
ing loss, primarily violations in the receptor structures of the cochlea in such cases.

The acoustic impedance measurements (or impedance audiometry) is an ob-
jective method of examination of the hearing system, which consists of two meth-
ods — dynamic tympanometry and acoustic reflex inside-the-ear muscles (ARIM).
First of all, the technique allows to assess the system of sound conduction and
functional state of middle ear structures, however, the known diagnostic capabil-
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itics of the characteristics of ARIM in the diagnosis not only of disorders of the
middle ear, but also in pathology of sound perceptive part of the hearing analyzer
from the cochlea to the brainstem.

We examined by means of acoustic impedance servicemen with acoustic
trauma from the combat zone. In some patients the study was contraindicated duc
to the traumatic rupture of the eardrum. Part of these patients revealed various
irregularitics in the condition of the middle ear structures (the lesions in the trans-
mission of level arm structure of the middle ear, sometimes until the break of the
ossicular chain, scarring of the tympanic membrane, dysfunction of the hearing
tube), which were reflected in the indicators of tympanometry and ARIM. How-
ever. one of the most serious consequences of acoustic trauma are sensorincural
disorders of hearing function.

According to the acoustic impedance in patients with sensorincural hearing
loss (SHL) as a result of acoustic trauma reccived in a combat zone, there arc some
changes. The data of tympanometry arc not indicative of this contingent (we arc
not talking about combined damage of sound conduction and sound perceptive
apparatus — in these cases, conduction disorders appropriately appear in the data
tympanometry). So, we found that indicators of tympanometry in the majority of
surveyed military personnel who got acoustic trauma in the zone of the zone of
combat actions were in the normal range and did not significantly differ from those
of the control group — more often it was tympanogram of type A. less often high-
amplitude or on the contrary, such As, average values compliance in the normal
range. We have not identified significant changes in threshold indicators of ARIM
(in-the-car acoustic reflex of the muscles) of the examined servicemen with com-
bat acoustic trauma (except those with severe SHL).

As for the amplitude of the indicators ARIM. indicatots of the amplitude of
the ARIM of zone of combat actions servicemen had a heterogeneous distribution.
For example, among the 50 examined servicemen with the standard form of the
audiometric curve (descending type), and the most common degree of severity of
disorders of hearing function (up to 50 dB at frequencies of 4-8 kH1z) normal sym-
metrical indicators amplitude ARIM were registered only in 14.0% of cases. At
40.0% of servicemen with acoustic trauma occurred moderate symmetrical reduc-
tion in the amplitude of the ARIM from both sides when psi — and contra-lateral
stimulation, at 14,0% of the servicemen had symmetrical decline. In 10.0% of ex-
amined were absent ARIM on both sides. Tt should be noted that according to the
tonal threshold audiometry at 1 kHz they had thresholds of hearing for a tonce that
may well have provided the possibility of registration of an acoustic reflex. TUis
worth reminding that the data of tympanometry of the examined service members
exclude the presence of pathology of the middle car, which would interfere with

25



implementation. and therctore registration of ARIM. Consequently, the absence
ol reflexes i this category ol examined can be explained not by the unsufficient
level of the stmulus (the intensity of the sound stimulus), or problems with middle
car structures, but other factors. At 18.0% of individuals took place asymmetry in
amphtude of ARIM, and most of them had a significant reduction of the ampli-
tude from the side of better hearing or normaly hearing ear, and in 44,4% of them
there were significant reduction in amplitude from poorly-hearing ear. Therefore,
m examined paticnts with acoustic trauma received in a combat zone, violation
ol the ARIM implementation in many cases does not correlate with the degree of
decrease of hearing tunction according to subjective audiometry. Identified 2% of
individuals who had asymmetrical lack of ARIM on the one side, and the decline
in hearig thresholds on this side according to the threshold tonal audiometry was
small and indicated the presence of mild sensorineural disorders.

With regard to temporal characteristics of ARIM, we also detected changes
of these data in the examined servicemen obtained in the zone of operation of al-
lied forces in comparison with the results of the control group, partly of indicators
were reliable. So, noteworthy significant (p<0,05) lengthening of the latent period
and growth period of ARIM, as well as reducing the validity period in the exam-
ined patients with acoustic trauma in comparison to the control group. Similar
trends of changes in the temporal characteristics of ARIM observed as under 1psi
and contralateral stimulation.

The changes of time indicators of ARIM allows to Judge the presence of
disorders at different levels of the acoustic reflex as reflex that closes at the level
of the brainstem. Obviously, the changes in time characteristics of ARIM in exam-
ined patients with acoustic trauma obtained in real combat conditions testify about
the presence of disorders in the implementation of protective acoustic reflex, and
tailure (or the depletion) of compensatory-adaptive mechanisms of the hearing
system.

Thus, conducted examination showed that the vast majority of patients
(86.0%) with the typical shape of the audiometric curve, which got acoustic trau-
ma in a combat zone, had deviations from the norm according to impedance au-
diometry, especially of the amplitude and time characteristics of ARIM. At 10,0%
cases ARIM were not registered at all (on either side), 4,0% had it from one side.
More than half (56.0%) of patients had a reduction in the amplitude of ARIM, and
at (16,0%), this decline was significant. This may indicate changes in the hearing
system of the affected, who got combat acoustic trauma, including at the level of
brainstem structures.

In addition, we revealed that the localization of the more significant viola-
tions, according to the impedance did not always coincide with that data of audi-
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ometry at conventional and extended frequency ranges. there is a certain dissoci-
ation of indicators that can also complement the knowledge about the understand-
ing of the mechanisms of action of acoustic trauma, acoustic baro trauma, blast
injury on the hearing system. However. these data requires further research.

Thus, the indicators of impedance audiomeltry (primarily amplitude and time
characteristics of ARIM) can serve as objective criteria for the diagnosis ol certain
disorders in the hearing system in individuals who got acoustic trauma in a combat
zone.

Below is an example of data of audiometry with presentation of the results
of subjective audiometry, obtained in the examined by us servicemen with combat
acoustic trauma. Participant in the zone of operation of allied forces M., got mince
blast injury. According to subjective audiometry there is bilateral sensorincural
hearing loss, dysfunction of the sound perception in the area of high frequencies,
almost symmetrical, slightly more significant on the left side. The tympanogram
of type A is from the both sides. The ARIM on the right side is recorded in full vol-
ume with normal amplitude, on the left — ARIM at [requencies of 500; 1000: 2000:
4000 Hz is missing. although the indicators of tonal hearing at these frequencics
allow us to obtain the reflex (Pic.6).

Therefore people who got acoustic trauma during combat actions are having
violations both in peripheral and central parts of the hearing analyzer according to
both subjective and objective methods of examination. The usc of objective meth-
ods is of great importance in terms of decision of expert questions, definitions, and
the objectification of the severity of the disease and evaluation of the effectiveness
of therapeutic interventions in these patients.

The indicators of impedance audiometry, otoacoustic emission and hearing
evoked potentials may serve as objective indicators of disorders in the hearing
system in individuals who got acoustic trauma in a combat zone. The definition
of such indicators during the examination will contribute to improving the quality
of diagnosis and choicc of targeted treatment tactics to these patients. Also. the
obtained data will help in studying of the pathogenetic mechanisms of actions of
acoustic trauma, acoustic baro trauma, including combat onc, on the structure of
the hearing analyzer.

Noteworthy is the predominance of bilateral asymmetric lesions of the var-
jous parts of the hearing analyzer in patients who got acoustic trauma in the zone
of operation of allicd forces, which can be traced in almost all the subjective and
objective methods of examination. Note that the asymmelry of abnormalitics may
be characteristic feature of acoustic trauma obtained in real combat conditions. In
patients with symmetrical pure tone threshold audiometric curve in conventional
range we frequently observed asymmetrical violations according to the speech and
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supra-threshold audiometry. But ¢ven in the case of the almost complete symme-
try ol the data i subjecuve audiometry we subsequently discovered asymmetry
changes in ditterent parts of the hearing analyzer according to objective methods
of examination of acoustic impedance, otoacoustic emission (OAE) and auditory
cvoked potentials (AEP). The symmetric disturbances in the central parts of the
hearing analyzer according to the AEP, we observed only in isolated cases. Such
changes in the central parts of the hearing analyzer were frequently accompanied
by asymmetric violations i cerebral circulation and functional state of the CNS
according to rheoencephalography and electroencephalography, respectively. Vi-
olations in the vestibular system were often asymmetric. Note that the asymmetry
of violations in different levels of the complex functional systems, which include
hearing and vestibular analyzer, creates additional difficulties for their function-
ing, leading to excessive strain of the processes and efforts for balancing activities
and determine additional reasons for the development of dysfunction.  The pres-
ence ofa high pereentage of cases of asymmetric lesions of the hearing system in
servicemen with acoustic tauma obtained in real combat conditions, may be ex-
plained by several factors. For example, an asymmetric lesion occurs while using
th eweapons by servicemen. Then more destruction takes place from the location
ol weapons (gun, grenade, mortar, etc..) Therefore, grenade launchers using the
RPG have more severe violation on the left side. The asymmetric (one-sided) le-
stons may be due to the fact that the shock wave affected suffered from the site
of the explosion and being affected to the traumatic effect of sound and pressure
mainly from one side. In tankers and crews of infantry fighting vehicles, armored
personnel carriers the severity of damage depends on the circumstances of the hit,
the type of ammunition and the tightness of the internal space. If all the hatches are
fully closed, lesions of the hearing system are more significant.

The conducted study demonstrates the advisability of the examination by
mcthod of OAE and AEP, as well as impedance audiometry, first of all registra-
tion of ARIM in patients with acoustic trauma got in real combat conditions. The
use of objective nrethods is of great importance in terms of topical diagnosis, the
decision of expert questions, definitions and the objectification of the severity of
the disease in patients with combat acoustic trauma and in conducting of therapeu-
tic and preventive measures. Recording of data of objective methods of complex
audiological examination allows reliably, in detail and fully diagnose disorders in
ditferent parts of the hearing analyzer, contribute to a focused prescription of com-
plex treatment in servicemen with acoustic trauma got in real combat conditions,
which increases its effectiveness. This will allow to prevent the progression of
hearing loss and the formation of heavy SHL in this category of patients.
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Pic. 6. Data of subjcctive audiometry and acoustic impedance i patient M. with combat
acoustic trauma.
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In the diagnosis of sensorincural hearing loss it is important to examine the
condition of those organs and systems that affect the state of the hearing analyzer
(especially the state of the cerebral circulation and functional state of the CNS) to
cvaluate the so-called extraaural symptoms. For targeted treatment of SHIE such
data is especially important.

[Fveryone who dealt with the problems of providing help to alfected i the
zone of operation of allied forces. in different medical specialtics, have paid atten-
tion to the significant violations in the functional state of CNS i mdn iduals who
got acoustic trauma in real combat conditions that necessitated the correction ol
such changes and involved treatment from the relevant spectalists — neurologusts,
psychiatrists, psychologists. These patients ofien have disorders of adaptation,
PTSD . acute stress reaction and other violations. This situation can be explamed
by extremely stressful situation, which makes the presence m suflered the Testons
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of the psyche, central nervous system, sensory systems, including the central parts
of the hearing analyzer

We cevaluated the functional state of the CNS in patients with acoustic trau-
ma who were ina combat zone using an objective method of electroencephalogra-
phy (EEG) and found significant violations of the bioclectrical activity of the brain
expressed in difterent degrees in all patents. Electroencephalography is a reliable,
universal, objective, non-invasive method of examination of the functional state
ol the CNS, bascd on registration of biopotentials of a brain with background re-
cording (at rest) and using difterent functional loads.

According to the EEG of the examined servicemen with acoustic trauma
gotduring the combat action, were discovered irritational changes, as in the back-
ground sample, as at tunctional loads, especially hyperventilation, expressed in
varying degrees. The most often have been identified: expressed disorganization
and desynchronization of the rhythms, the tendency to smoothing or lack of zonal
differences, the presence of sharp peaks and potentials, «acceleration» of the basic
rhythms, the prevalence in the structure of the bioelectrical activity of beta-rhythm
and a significant proportion of theta rhythm. In some patients there was an over-
all decrease in the bioelectric activity of the brain, expressed in varying degrees,
especially in the temporal leads. These changes were primarily of totally-brain
(genceralized) character and were more significant in patients with more significant
impairments in the hearing analyzer. In many cases,there were observed asym-
metry of biotoks, mainly in backforehead, temporal and uphead leads, especially
in cases when the patients had asymmetrical lesions of the hearing system with a
significant difference in indexes of both parts. Also often in the examined individ-
uals with combat acoustic trauma were observed outbreaks of hypersynchronous
activity, including slow-waves clements, indicating a significant predominance of
processes of excitation in the deep brain structures. In some of them were detected
even post-traumatic epileptiform symptoms, such patients were treated under the
supervision of a neurologist. In general, in all of the examined servicemen with
acoustic trauma dominated the excitation processes, which is necessary to consid-
er when assigning treatiment.

The significant number of patients with acoustic trauma got in a zone of com-
bat actions had irritation of cortical, diencephalic, diencephalico-brainstem and
medio-basal structures of the brain. So disorders of cortical activity predominantly
in the frontal, temporal and central Ieads were observed in 100% of paticnts. Signif-
icant signs of irritation of diencephalic brain structures, according to our data, were
at 75,5% ol patients with acoustic trauma obtained in the zone of operation of allied
forces, dicncephalico-brainstem — at 30,4%, and medio-basal — 11,9%.

We present for example, the variant pattern of EEG that was found by us in
a patient with combat acoustic trauma.
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On pic.7 is shown the background recording of EEG of the serviceman with
acoustic baro trauma and severe concussion. There is observed significant irrita-
tion of the cortical and attraction of the mediobasal structures of the brain. The
rhythms are disorganized, asymmetric and relatively disorganized slow wave ac-
tivity in back-temples, occipital and parietal leads, more significant on the right.
The record shows high-amphlitude slow-waves activity in anterior regions of the
brain, expressive asymmetry in almost all leads. There are signs of cpileptiform
activity, especially in frontal and temporal leads on the right.

Therefore, in examined individuals with acoustic trauma that were obtained
in the zone of operation of allied forces were observed significant changes of the
bioelectric activity of the brain primarily of irritative character with involvement
of the deep pam of the brain.
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Pic. 7. Background recording of EEG in serviceman with acoustic trauma gol in rcal com-
bat conditions.

The acoustic analyzer is very sensitive to vascular disorders, therefore as-
sessment of changes in cerebral circulation is of great importance for the diagnosis
and treatment of SHL of various origins. We evaluated the cerebral hemodynamics
in paticnts with acoustic trauma that were in the arca of combat actions, using the
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method of reoencephalography (REG) and ultrasound dopplerography (UD) of
vessels ol hiead and neck which 1s an objective methodology that allows to evalu-
ate m tull volume the tunctional state ot hemodynamics of the brain.

Among the features ot the state of cerebral circulation in patients with com-
bat acoustic trauma 1s possible to distinguish cascs of decrease of pulse blood fill-
ing in 72, 1% of cases. Moreover, this dechine occurred frequently in all standard
lcads (FM and OM). not only in the vertebrobasilar system, as it is often found
i the SHL. We also observed o liuge number of cases of decline of the vascular
tone. Note that among all patients with any type of SHL, the percentage of such
cases (decreased tone of cerebral vessels) is extremely low. But in 46,8% of cases
i patients with combat acoustic trauma we observed unstable vascular tone with
a tendency to its reduction, and in 9,4% cases the low one. There were frequent
cases ofatonic curve (18,3%). Often, in examined patients took place an expressed
i considerable degree the obstruction of the venous outflow, especially in the ver-
tebral-basilar pool (83,3%). Only in 24,1% of the examined servicemen of combat
actions’ zone, we observed increased tone of cerebral vessels, in 10,2% — with
symptoms of vasospasm. Many of the examined servicemen with combat acoustic
trauma had a sharp decrease in pulse blood filling, especially in the vertebral-bas-
ilar system (73,1%).

Previously, we carried out a study on cerebral hemodynamic violations in
patients with acoustic trauma [7]. We have found significant violations of cerebral
circulation according to REG in examined patients. In 17,9% of the cases of ex-
amined patients with acoustic trauma vascular tone was intermittent, sometimes
with a tendency to decline, which distinguishes this group from patients with other
forms of SHI of noise genesis. We have found that hemodynamic impairment of
cerebral circulation and changes in the hearing analyzer in patients with acoustic
trauma went parallel and can be the basis for the development of hearing disorders
with acoustic trauma. We made the assumption that a weak tone of cerebral ves-
scls may be the characteristic feature of extraaural changes with acoustic trauma.
It should be noted that patients with combat acoustic trauma significantly more
likely to have the-phenomenon of unstable vascular tone, and it’s decrease. In
paticnts with acoustic trauma that was got during the combat actions, the number
of patients with unstable vascular tone were 56,9%, with a downward trend 46,8%
of cases, with a low — 9.4%,

Analysis of quantitative indicators of REG of servicemen with combat
acoustic trauma revealed significant (P<0,05; P<0,01) compared with the control
group (K) changes in the indicators «, B, DCI, DSI, Pi, which indicates about
changes of the tone of cerebral vessels, obstruction of the venous outflow and a
decrease in pulse blood filling, as in carotid and as in vertebrobasilar systems.
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On pic. 8 is shows the entry of REG of patient with acoustic trauma ob-
tained obtained in the zone of operation of allied forces. There can be seen a sharp
decrease in pulse blood vessels in the carotid, and especially in vertcbro-basilar
system of cercbral circulation, significant obstruction of the venous outflow in the
vertebro-basilar system.
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Pic. 8. Record of REG in patient with combat acoustic trauma

We conducted a detailed analysis of qualitative and quantitative character-
istic of REG in 50 servicemen with acoustic trauma obtained in actual combat
conditions, with typical impairment of the hearing function, the most typical forms
of audiometric curves (descending) and degree of severity of sensoneural hearing
loss (at frequencies of 4, 6 and 8 kl1z the values of the average hearing thresholds
for tones were (35,34+4,82), (40.48+3,92) and (49.8413.85) dB, respectively).
In the qualitative assessment of reograms in patients werce identified circulatory
disorders of the brain in carotid (FM) and vertchro-basilar (OM) systems. The
normal indicators of cercbral circulation according to REG were not recorded i
no one of with acoustic trauma. Only 4.0% of the examined servicemen who was
in the zone of operation of allied forces in this group had a spasm of cercbral
vessels. The difficulty of the venous outflow occurred in 90.0% of cases in carotid

system and in 100,0% in the vertebrobasilar. Among the ex: inined patients, we
have also often the decreased tone of cerebral vessels (30.0%), casces of atonic

33



curve (22,0%). The sigmificant was the part of paticnts with unstable vascular tone
with its reduction (58.0%) in both systems of cerebral circulation. With regard to
pulse blood filling, in paticnts with acoustic trauma had recorded (66,0%) of cases
of decreased tone in caroud system and (84,0%) in the vertebro-basilar pool. In
the vertebrobasilar system, service members with acoustic trauma also had asym-
metry of REG = curves (up 8.0%). As has already been noted, examined patients
had changes of tone of cerebral vesscls and obstruction of the venous outflow
and decrease in pulse blood filling, as in carotid and vertebrobasilar systems that
have been reflected in quanutative indicators of REG. This was evidenced by a
stgntficant mcrease of dicrotic (DCT) and diastolic (DS1) indices of REG-curve
i carotid system (57,20£2.2)% (1=2,26, P<0.05) as the norm was — (51,4£1,3)%
and (63,05+0,70)% (11,96, P<0,05) as the norm was — (59,3+1,8)%, respectively.
In the vertebro-basilar system the corresponding values were: DCI - (57,942.5)%
(1-2,33, P~ 0.05) as the norm was — (51,241,4)%, DSI - (65,58+0,87)% (t=1,96:
P<0.05) with the norm (61,20+2,08)%. The reography index (Pi) in many patients
with acoustic trauma who obtained in the zone of operation of allied forces, was
reduced, especially in the vertebrobasilar system. So, the average value of Pi in
carotid system was significantly less than normal and was (0,75+0,02) (1=12.00,
P<0.01) as the norm was — (1,21+0,03); and in vertebro-basilar — (0,63+0.02)
(1=13.72, P<0.,01) as the norm was — (1,19+0.03). This indicates about reduced
blood filling of brain vessels in the examined service members with acoustic trau-
ma received ina combat zone, especially in the vertebrobasilar system.

Therefore, examined patients with acoustic trauma got in real combat con-
ditions, had significant changes in cerebral circulation, especially in the verte-
brobasilar pool, which have certain characteristics that must be considered during
the treatment of these patients. Mainly was found the violation of the tone of
cerebral vessels (increased tone, presence of spasm, unstable tone, decreased tone
and atonic curves), venous outflow (obstruction of varying severity) and pulse
blood (a decrease, sometimes sharp), which is confirmed by significant (P<0,05;
P<0,01) changes in quantitative indicators REG (MTI, DSI, Pi). Moreover, among
the examined individuals in considerable part were the cases with unstable or low
tonc of cerebral vessels, in contrast to other observations of sensorineural hearing
disorders of various genesis.

Here is an example of the relationships of aural and extraaural changes
according to the different methods of the examination of the servicemen with
acoustic trauma. Thus, in pic. 9-11 are presented the results of the examination of
National guard serviceman M. On the audiogram we see asymmetric hearing im-
pairment — increased hearing thresholds from the left to the tones in the field (4-8
kHz), the decrease of DT by Luscher in the region of 4 kHz on the left, subjective
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car noise on the left. Also, the patient had asymmetric changes in REG (low tone
cerebral vessels, reduction of pulse blood on the left in the vertebral-basilar sys-
tem) and EEG (expressed irritative changes, asymmetry of biotoks in back-tempel
and occipital leads, rhythms were disorganized with the presence ol theta waves
and sharp potentials).
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Pic. 9. Subjective audiometry of the patient M.

Thus, in complex examination of servicemen with combat acoustic trauma
for a detailed assessment of extraaural violations, it is uscful to study cercbral
hemodynamics and functional state of the CNS. Patients with acoustic trauma got
in the area of the combat actions, had significant extraaural disorders, especially
in CNS and cerebral blood flow that determines the approaches to the treatment of
such patients. Accounting the data of a complex instrumental examination allows
(o assess extraaural violations, contribute to a focused appointment of complex
treatment to paticnts with combat acoustic trauma that increases its clhiciencey.
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Pic. 11. EEG picture of a serviceman M.

The analysis of the results of complex detailed instrumental examination
allowed us to determine the most informative manifestations (signs) of aural and
extraaural changes in acoustic trauma and then to form a list of the most significant
diagnostic markers to determine the severity of disease, prognosis and evaluation
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of treatment effectiveness of patients with acoustic trauma obtained in real combat
conditions.

So, features of acoustic baro traumatic lesion of the hearing analyzer in real
combat conditions are:

1. The complaints on hearing loss, subjective tinnitus, especially of high
frequency; stunning. congestion and pain in the ears after acoustic trauma. poor
tolerance of loud sounds: dizziness, imbalance; headache. heaviness in the head.
sleep disturbance.

2. The descending often — precipitous type of tone threshold audiometric
curve, with the maximum increase of hearing thresholds for tones in the region of
4-8 kHz. Some kind of a peak increase of thresholds at a frequency of 4 or 6 kHz,
followed by some decline in the region of 8 kllz — typical «acoustic traumatic
peak». Quite often the characteristic «peaks» increase of hearing thresholds are
observed not only in conventional but also in the extended frequency range. Many
patients with acoustic trauma (approximatcly onc third) of the observed have
“breaks” the perception of tones in the conventional range of [requencies. usually
on tones 4 and 6 kHz, but sometimes cven starting from 2-3 kiz. The “breaks™ can
also be observed on high frequency tones in over half of cases of all patients who
underwent threshold tonal audiometry in an extended frequency range.

3. The violations in receptor part of the hearing analyzer takes place in about
80% of cases according to both objective and subjective methods of examination.
And quite often they have the reversible character and function can be restored or
improved with timely targeted treatment.

4. The reduction (including relative) DT method Luscher at a frequency of
4 kHz.

5. We also observed cases of a certain mismatch of tonal hearing and discom-
fort manifestations, PAGL (the phenomenon of accelerated growth of loudness).
The service members with a slight impairment of the hearing function, noted the
discomfort when the intensity of the stimulus increases, including the speech.
complained on poor tolerance of loud noises, discomfort in the perception of loud
speech. The servicemen with acoustic trauma had discomfort in the pereeption
of speech test that may be registered with an intensity of stimulus 70-80 dB. The
attention should also be paid on the complaints of service members with acoustic
trauma on the periodic violation of the intelligibility of specch.

6. The quick involvement in process the central parts of the hearing analyzer
or the primary lesion of the central structures of the hearing system (almost 100%a).
According to the registration of auditory evoked potentials (AEP) in patients with
acoustic trauma got in real combat conditions, objectively confirmed the existence
of irregularitics in the central parts of the hearing analyzer — observed disorders of
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functioning in cortex, subcortex, and brain stem structures of the hearing analyzer,
mcluding deep brain structures. Noteworthy is that almost all of the examined by
us servicemen with acoustic trauma who were in a combat zone have the changes
of LPP ol “late™ LLAEP components (P, and N,). This may indicate changes in
the limbic structures of the brain, the structures of the reticular formation. which
are “responsible™ for intracercbral communication, ensuring communication and
coordimated work of various sections and parts of the brain, the perception of in-
tormation from sensory systems. and violations of mechanisms of realization of
complex functions, mcluding the so-called “watchdog reflexes™ and stress reac-
tions in these patients

7. The acoustic trauma received in combat conditions, can manifest disor-
ders in the central parts of the hearing analyzer and in case of slight disorders of
hearing function according to subjective audiometry. The expressed disorders in
the central parts of the hearing analyzer, especially of brain stem, in servicemen
with acoustic trauma obtained in the zone of operation of allied forces is an un-
favourable sign and may indicate an aptitude for progression. These patients are
very difficult for the treatment.

&. The violations according to the data of AEP manifest themselves in chang-
es of the complex peaks (their smoothness, additional waves, a decrease or in-
crease in amplitude) as well as elongation of time characteristics (latent periods of
peaks (LPP) waves I, 111V SLAEP; P, and N, LLAEP; interpeak intervals (IPI)
I-IIT and I-V SLEP). AEP data is often asymmetric.

9. The reversible (recoverable) violations of the receptor part of the hearing
analyzer according to the OAE — if assistance is timely targeted it is often allow
to restore registration of DOAE. Often there is a “dissociation” of data OAE and
tonal audiometry — more often the responsce of the OAE are recorded at frequen-
cies 4 and 6 kHz, with the lack of response at lower frequencies, while according
to subjective audiometry on these frequencies (4 and 6 kHz) is observed the most
significant reduction in hearing sensitivity.

10. In the overwhelming number of cases — about 80% — in patients with
combat acoustic trauma disorders in hearing system are asymmetric. Even with a
ncarly symmetrical disorders of hearing function according to the tonal threshold
audiometry arc observed asymmetric violations according to the data of speech
and subthreshold audiometry, asymmetric disorders in various structures of the
hearing analyzer according to the acoustic impedance, OAE and AEP, as well as
asymmetric violations in cerebral circulation and functional state of the CNS ac-
cording to rheoencephalography and clectroencephalography.

38



11. Unlike other cases of SHL in patients with combat acoustic trauma most
lesions of the hearing system occur with normal or reduced AP, VSD (unstable
AP), increase in AP is observed rarely.

12. The obvious violations of the functional state of the cerebral circulation.
A significant percentage of unstable and decreased tone of the cerebral vessels, the
presence of atonic curve according to REG. Almost all patients have the difficulty
of the venous outflow and a decrease in pulse blood filling both in carotid and
vertebral-basilar systems of cerebral circulation.

13. Violations of the functional state of the CNS, changes in the bioclectric
activity of the brain. Significant violations of irritative character according to the
EEG, hypersynchonic bursts, often — epileptiform post-traumatic changes. Many
of the affected are having the desynchronization and disorganization of the basic
rhythms, smoothed zonal differences, the increase in the content of slow-waves
activity, especially theta rhythm in the anterior projections. Many paticnts have
signs of involvement of dicncephalon- brain stem and mediobasal structures of
the brain.

If to systematize the obtained data of complex clinical and instrumental stud-
ies in the form of a table, it seems appropriate to us to note the following diagnos-
tic characters (Appendix, tab. 1). If highlight the main specific «markers» — the
most typical qualitative and quantitative parameters according (o subjective and
objective methods of examination of patients with combat acoustic trauma. mon-
itoring of which allows to determine the effectiveness of therapeutic and preven-
tive measures and solution of a number of expert questions, then the list looks like
this (Appendix, tab. 2).

In our opinion, it is advisable to asscss the presence and degree of senso-
rincural hearing loss in affected in the combat zone even in casc of absence of
complaints of hearing loss -demonstrative can also be complaints on noisc and
tinnitus in the cars, stuffiness of the cars, poor tolerance loud sounds. cte. You
should consider the possibility of the lesion of the hearing system in case of in-
jury, polytrauma, when firstly deal with the issues of general surgery. But at least
a preliminary identification of those which may have violations of hearing . will
allow to assign targeled treatment as soon as possible. And some measures, may
be expedient to apply in parallel with the main treatment priority. Somelimes even
easy, simple to follow, but targeted measures on carly stages of development of
acoustic traumatic lesion of the hearing analyzer could prevent severe ineversible
changes in the hearing system. Yes, of course, at first it is necessary (o save lives.
and hearing loss are not dangerous for life. but then progressing SHI significantly
affects the quality of people’s lives.
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Maybe at will be expedient during the “lull” period to provide for filling
the questionnaires for personnel to identify risk groups and further examination.
Further. where possible, should be determined the contingent with the possible
lesion of the hearng system - sensorineural (percepting), conductive or combined
disorders of hearing function.

In our opimion, the number of atfected  with combat acoustic trauma are
actually much more than that appears i official statistics. However, they remain
outside the attention of the medical service because it was not accented effort on
detection of this pathology, on the other hand, patients themselves do not notice
the first manifestations of the discase sufficiently.

Inattention to the violations of hearing with acoustic trauma takes place be-
cause of the fact that it isn’t life threatening, and as acoustic trauma isn'’t recog-
nized as one of the major professional pathology among servicemen. There aren't
no soctal benefits in this contingent for disability due to the serious hearing loss.
The disability of hearing is considered with significant loss of hearing function,
almost complete dealness. Usually by this time the service members is dismissed
from service. However, the quality of life suffers. These patients often have sub-
jective car noise (painful feeling, at times unbearable), the violation of intelligi-
bility of speech, the phenomenon PAGL (low tolerance to loud noises, discomfort
until the pain sensations in response to sounds of even of not very high intensity),
which contributes to the disorders of emotional state, violates the social adaptation
and professional correspondence. PTSD creates a very serious state of the affected
if combied with neurological and psychological disorders.

In our opinion, obligatory testing of hearing function (possibly delayed)
need patients with acoustic trauma obtained in real combat conditions:

I. Everyone who received a “concussion™, brain injury get injured on the
head.

2. Affected with complaints on hearing loss and subjective ear noise, poor
tolerance of loud sounds, periodic stuffiness in the ears, dizziness; prolonged
and significant stun, stuffiness in the ears, strong noise, tinnitus, headache after
acoustic trauma.

Difficultics in the diagnostics and treatment of the acoustic trauma:

I. The attention is rarely timely paid on violations in hearing system with
acoustic trauma in real combat condition. The medical staff do not have a focus
on identifying such group of risk. The service members did not immediately ask
for help, expecting until it will pass by itself. Often patients seek for help after
repeated acoustic trauma. This disease is not life threatening, so attention for it
paid at last. The command staff rarely consider acoustic trauma as a serious injury,
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so service members are not provided with reference about the incident. Mainly in
references the acoustic trauma indicated and when there was a contusion (although
this diagnosis is not always correctly installed) or mine- explosive trauma.

2. The disorders in the hearing system are hard to detect by eye. Practically,
it is possible to sce (not always) only a discharge of blood, fluid from the auditory
canal with rupture of the eardrum. To verily this examination by otorhinolaryn-
gologist specialist (and this is a level 3 of medical aid) is required. Sensorineural
disorders of hearing function is impossible to determine by external examination.
They are detectible only by instrumental examination. Practically, on carly stages
you can focus only on characteristic complaints, data of anamnesis (that is why
we have developed a questionnaire), the study of hearing by hive speech (acous-
ticmetry)

3. The irreversible changes in the structures ol the hearing analyzer is de-
veloping quite quickly with acoustic trauma. The process involved as receptor as
central parts of the hearing analyzer. Patients cften have discomfort in the per-
ception of sounds and speech, tinnitus, dizziness, impairment ol balance, which
influenced greatly on the quality of life.

4. The treatment ot sensorincural disorders of hearing function with acoustic
trauma (as with other perceptual disturbances) cannot be the same for all patients.
It is necessary to consider at least the basic characteristics that creates certain fork
for treatment — already on second stage. The cffectiveness ol the treatment largely
depends on the accuracy of assignments, rcasonability and commitment of thera-
py. It is desirable to have instrumental control over the efficiency and adjust treat-
ment individually during the process. This can be done only on stage 3. The best
efficiency is achieved when there is a full examination with the integrated individ-
ually selected treatment. So, for patients with acoustic trauma  the optimal level
for treatment is 3-4 level of medical aid (at least a detatled exammation, precise
diagnosis and treatment, and the treatment itself can be prescribed at lower levels).

5. Unfortunately, sensorincural violations of hearing with acoustic trauma
are very difficult for treatment. Sometimes 1t 1s only possible to stop the progres-
sion of the discase, alleviate unpleasant symptoms.

6. Many patients with combat acoustic trauma also have associated trau-
matic lesions of the musculoskeletal apparatus, shrapnel wounds, CCT ( cramoce-
rebral trauma ) and other injurices, and therefore first and foremost they need to
have treatment by experts of other profiles that should be considered i the treat-
ment by otolaryngologist.

The cases when patients did not pay attention to the violavons of hearing
function and noted it only after some time — in some cases are very frequent. Tt
is happened because the injuries were severe and at first, 1t was “not actual™ The
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hearing loss was lirstly not significant, but over time 1t progressed and became no-
ticeable only alter some time. when the violations extended even to the “language™
frequency, evolved phenomenon PAGL, the violations of intelligibility. increased
subjective ear noise. et cetera. Unfortunately, the precious time got lost.

An important factor in terms of warnings of severe hearing loss due to com-
bat acoustic trauma is the identitication of groups of “risk™

No less relevant when providing medical care to patients with acoustic trau-
ma obtaincd i actual combar conditions, there are issues of expertise. The senso-
rincural disorders of the hearmg analyzer in combat acoustic baro trauma prone
1o progression, so it 1s necessary o carry out the examination of such patients
in time. On the basis of the complex research we can detect  individuals, who
have prognostically unfavourable course or progression of the disease in case of
repeated acoustic trauma. We determined on the basis of the analysis of complex
instrumental examination of patients with acoustic trauma obtained in real combat
conditions. certain charactenistic features of changes in various structures of the
hearing analvzer. which can be used as criteria for prediction, detecting of sever-
ity, expertise. exanination ol sensorineural disorders of hearing function in these
patients (sce table. 2)

An important issue is the determination of the contingent of the persons
with acoustic trauma, where the prognosis is adverse in terms of progression of
disorders of hearmg tunction and for whom further contact with the sounds of high
intensity are contraindicated. Note that in this regard. is extremely important to
appreciate PRIV and their severity in this contingent. With the presence of such
signs. itis contraindicated for such patients being in the noise environment and in
contact with the sounds of lugh intensity, because it leads to rapid progression and
development of severe, irreversible damages of the hearing analyzer, especially its
receptor part. Such patients during treatment need the regime of silence. Service
members with acoustic traumatic injury of the hearing analyzer and the presence
ol such manifestations, considerable Tesion of the receptor of the part of the hear-

¢

ing analyzer reads in detentions “antitestimony contact with the sounds of high
intensity™, We behieve that the future direction those in real combat conditions can
lead to severe hearing loss and even deafness as a result of repeated acoustic baro
trawma.

[t1s necessary to remember that with acoustic trauma in real combat condi-
tions violations occur not only in the hearing system (aural changes), but also in
other organs and systems, state of which has a direct impact on the hearing analyz-
er — the so-called extraaural changes. This concerns primarily the cardiovascular
and central nervous systems. Often the severity of extraural changes determines
the prognosis of the disease and the severity of patients condition.
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Therefore, persons with acoustic trauma who suffered in the zone of the
combat action, have violations both in peripheral and in central parts ot the hear-
ing analyzer, as well as significant extraaural changes that are confirmed by ob-
jective methods of examination that requires consideration dunng their treatment,
The conducted study demonstrates the feasibility of the examimation by method
of registration of the OAE, SHL and ARIM, as well as LG and REG i patients
with acoustic trauma who were in the combat zone. The use ol objective methods
is of great importance in terms of topical and differental diagnosis of hearing
disorders, determining the presence and severity of extraaural manifestations, the
decision of expert questions, definitions and the objectification of the severity ol
course of the disease in patients with combat acoustic trauma, 1ts forecasting, and
also conducting the preventive measures and cvaluating their cliccuvencess.

So, sensorineural hearing loss in combat acoustic trauma have a number off
characteristic features of aural and extraaural manifestations according to sub-
jective and objective methods of examination that can be usced v the differential
diagnosis and for decision of expert questions. There are abnovmalities in receptor
and in central parts of the hearing analyzer. The most informative methods for
assessment of various structures of” hearing analyzer in patients with acoustic
trauma got in combat zone is subjective audiometry i full volume (required DT
method Luscher, speech audiometry, deternination of the subjective character-
istics of noise, preferably high-frequency audiometry), registration of” auditory
evoked potentials AEP (short — and longlatent), registration of  DPOAE. The
most informative methods for determining extraaural manifestations in patients
with acoustic trauma obtained in real combat conditions, is rheoencephalography
(REG) and electroencephalography (EEG), which allow to estimate the functional
state of cerebral hemodynamics and bioclectric activity of the brain, respectively.

The use of objective methods in patients with acoustic trauma get m real
combat conditions is of great importance in terms of topical and differential diag-
nosis of sensorineural disorders of hearing function, definttion and objectification
of severity of disease, its prognosis, decision of expert questions, as well as evalu-
ation of the effectiveness of therapeutic and preventive measures.

A full diagnosis of sensorincural disorders of hearing function with acoustic
trauma get in real combat conditions can be carried out only on 3 and 4 levels of
medical care, so these patients should be divected at the highest levels atonce.

Treatment of sensorincural hearing violations is a difficult task for medical
science not only in Ukraine but all over the world. Its ¢licctiveness, unfortunaicly.
is not always sufficient. Considering the diversity of manifestations ol sensorneu-
ral hearing loss (SHL), as aural (on the part of the hearing system), and extraaural
(not associated directly with the structures of the hearing system). the treatment
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of such discases should be complex. taking into account the results of audiologi-
cal and additional methods of examination ensuring an individual approach. It is
known that perceptial hearmg loss especially severely expressed are very diffi-
cult to treat. However. carly diagnosis and tumely application of preventive and
curative measures in many cases can prevent the development of severe forms of
sensorincural hearing loss,

In our behiet, the treatment of SHIL. of any genesis, including acoustic trauma
requires a complex approac! and individualization of treatment plan. The lesions
of hearing system and extraaural manifestations with SHL, due to acoustic trauma
get in real combat conditions, have certain charvacteristic features that must be
considered when implementing preventive measures.

While developing the approaches of treatment the patients with combat
acoustic tratma we took into account the results of complex clinical and instru-
mental studies. 1Cs important to consider aural and extraaural manifestations, the
results of both subjective and objective methods of examination and evaluation
by the patient their own health condition. Patients with acoustic trauma who were
in a combat zone have significant extraaural violations, especially from the ves-
tibular system. central nervous svstem and cercbral circulation, which determines
approaches to the treatment of such patients

Taking into account the data of different methods of complex examination
allows rehably. in detail and completely to diagnose the disorders in different parts
of the hearing analvzer and to assess the severity of extraaural manifestations,
contribute to a focused appointment of complex treatment to patients with combat
acoustic trauma that mereases its clficiency. The proposed by us approaches to
the treatment of SHE obtained in the zone of operation of allied forces based on
the analysis of possibly complete diagnostic data. The proposed method allows to
obtain a positive effect in many cases [8]. Accounting aural and extraaural changes
according to complex instrumental examination determines the choice of treat-
ment for sensorincural hearing loss in combat acoustic trauma.

Note that the examined patients that got acoustic trauma in a combat zone,
18 often had repeated acoustic trauma and they came to us for examination after
repeated damaging effects of noises of high intensity. We cannot exclude, in this
case, the ability to “overlay™ effect from each of the following acoustic trauma,
which leads to substantial lesions of structures of hearing analyzer and expressed
extraaural symptoms. Such cases are definitely much more difficult for treatment.

The damage of the hearing analyzer with acoustic trauma caused during
the combat actions often causes irreversible hearing loss. However, the treatiment
started within the first hours or davs afler injury, promotes recovery of hearing
function. The certain actions can be carried out even with a minimal set of medi-
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cines. There may be simple but purposctul steps that will not solve the problem,
but will improve the situation, will prevent a significant leston of hearing analyzer
and create opportunities for further targeted specialized trcatiment on subsequent
stages of medical aid for the affected. The tmely and targeted aid can improve its
effectiveness and avoid significant violations ot hcarig function and disability of
patients in future.

In the complex treatment of the sensorincural hicarig loss i persons who
get acoustic trauma in the zone of combat operations group of diugs are used that
directly or indirectly affect the state of the hearing analyzer, central nervous and
cardiovascular systems, as well as the vestibular analyzer First. these are noot-
ropics, cardiovascular and drugs of metabohic action. Howcever, there are certaim
features for their application. For example, in acute period of the discase the usc
of nootropics is often generally contraindicated and n the future the using of it
is expediently in small doses; antispasmodic drugs should be administered with
caution because of the risk of bleeding cte.

The proposed steps ol drug therapy used for the treatment ol patients with
sensorineural violations of hearing due to acoustic trauma get i actual combat
conditions, are presented in detaile and systematiclly in table.3 (Annex).

Note that often patients come for special examinations after the end of treat-
ment by other specialists, when in fact attention was drawn to a reduction in hear-
ing functions. This greatly affects the cticctiveness ol the treatment of acoustic
traumatic lesions of hecaring system, because time got lost and irreversible chang-
es are developing in the structures of hearing analyzer.

The first, of course, there are measures for providing aid for the wound which
are dangerous to life. They require management of shock, stop bleeding, urgent
surgical care, etc. These activities are determined by the nature and severity of the
lesions and are provided by specialists at appropriate stages. Further, where possi-
ble, the contingent with possible lesions of auditory system should be determined.
The determination of the presence of sensorineural (percepting). conductive or
combined disorders of hearing function 1s carried out usimg the maximally possi-
ble methods of examination at this stage of providing help. We consider the issue
of treatment of specifically sensorincural hearing loss assoctated with acoustic
trauma among people who have been in the arca ol combat actions. [His important
to divide all the efforts in providing assistance on various stages

The stages of providing medical assistance for the servicemen has its own
logic, features and clear scquence |2, 3.

The acoustic trauma is not hife threatenmg, Therelore, the majonty of preven-
tive measures arc the deferred aid (when sorting the Tabelng s m green) Howev-
er, for a complete diagnosis and pathogenctically grounded treatment is necessary
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istramiental cxammations, since treatment has certain peculiarities depending on
the detected changes and cannot be completely unified. On early stages, some
assistance can he provided for the stabilization and prevention of complications.
Consequently. the aftected should be directed to the highest level for an adequate
cxaminations and determinatnion of remedial measures as soon as possible.

It should be noted that patients with significant damage of structures of the
middle ear and vestibular apparatus (and therefore with the impact of acoustic
baro trauma) have certain linitations in terms of emergency events. So, they
should be transported i the horizontal position, because during the evacuation
on the arcralt at lagh alutude may develop complications, during the take off/
landing 1s necessary to ensire the nasal passages (nasal breathing satisfactory). to
make a swallowing movement to improve the function of hearing tube. For some
paticnts with severe vestibular dysfunction before the flight is advisable to appoint
anticmetic drugs. antispasmodics, medicine for motion sickness. So, there are cer-
tain mdications/contramdications for evacuation by air transport for paticnts with
considerable acoustic baro trauma. During the evacuation by ground transport, it
is desirable to provide the maximally possible state of rest — with the sharp move-
ments motion sleckness is possible. as well as the stimulation of the labyrinth.

The treatment of sensorineural disorders of hearing function with combat
acoustic trauma has a number of features and complexities. Therefore. the treat-
ment ol SHE with acoustic trauma (as with other perceptual violations) may not
be the same for all patients. [tis necessary to consider at least the basic character-
istics that create certam forks for the way of treatment - already on carly stages.
I'he cffectiveness of treatment Targely depends on the accuracy of assignments,
reasonability and commitment therapy. It is desirable to have instrumental control
over the efficiency and mdividually adjust treatment in the process. The best effi-
ciency can be accomplished with a full examination with the complex individually
sclected treatment. Therefore, for patients with acoustic trauma 3-4 level of care is
the optimal (at least a detailed examination, precise diagnosis and treatment, and
the treatment itsell can be caried out on lower levels).

[t 1S necessary (o pay attention on mobile hospitals, the function of which
1s somewhat different from the conventional stages of medical care. During the
escalation ol hostilities these hospitals work like companies of 2 levels, providing
immediate expert help and guidance afler sorting the patients to institutions. more
distant from the line of contact. But in periods of “calin™ it practically function
as garrison hospital, providing help for the military personnel of the appropriate
military unit in a planned manner. There arc to some extent are “representatives™
of the 3 levels ofassistance (not having the whole set of diagnostic and therapeutic
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equipment of appropriate level, however, there have a stalt of representatives spe-
cialties, and therefore, can provide certain aspects of spectalized care for patients.

The complexity of the pathogenesis of sensorincural hicarig loss with acous-
tic trauma, the multi-level impact of powerful sound on human body. the presence
of disorders in many structures of hearing analyzer and  sigmificant extraaural
manifestations, the rapid development ol irreversible changes and possible de-
struction of certain areas makes the problem of treatment ot acoustic traumat-
ic SHL extremely difficult. The treatment should be started as carly as possible.
giving preference to purposelul actions. Also, 1o achieve a satislactory clficiency
of preventive measures a barrier is the mability o promptly obtain the results of
instrumental examinations, and cffective “scherme™ the same for all the patients
in this disease does not exist. Thercfore, therapeutic measures on the first level are
very limited, these are the basic actions that will not havin i any way. On level
2, should be considered at least some of the features that direct therapeutic action
in certain direction (based on at lecast some criterias — for example. complaints,
AP). On 3-4 level, the individualized treatment 1s based on the data of complex
instrumental examination.

In our view the optimal structure of providing medical care for patients with
sensoneural hearing loss with acoustic trauma on stages are presented in table. 4
(Appendix).

In case when there is no possibihity for using all the diagnosuce and ther-
apeutic measures while providing medical assistance in the zone of operation of
allied forces, should be used any available methods of mspection and  medical
history and simple but purposcful steps of treatment. Thus our proposed ques-
tionnaire for patients with acoustic trauma in zone of combat actions greatly fa-
cilitates the work of medical workers and paramedics, as well as can be filled by
servicemen themselves. The proposed iethod of organizing the data ofanamnesis
and complaints, reflected in the questionnaire developed by us, allows to select
patients with acoustic trauma for further examination and provide targeted spe-
cialized medical assistance (see Annex). When possible acoustic baro trauma s
suspected it is advisable to conduct at least the munimum audiological exanimation
as soon as the opportunity arises. I the hearing loss was not detected umely and
the preventive and curative measures were not taken may develop ineversible
violations in different parts ot the hearing analyzer. progressmg SHI

Itis therefore important to provide focused care for paticnts with sensoncu-
ral hearing impairment alrcady on carly stages ol rendernmg medical ad i zone
of carrying out combat actions. With regard to specihc therapentic mterventions,
certain actions can be carricd out even with a minimal set ol medicines. O course,
if necessary, on first place is emergency — hemostatic and anti-shock therapy, an-
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ti-cdema measures. detoxafication cte. However, if possible, we recommend that
on first level based on at least the examination, measurements of AP and general
clinical examimation. make the decision to use these drugs:

I. I Jysine acscinat 1 v drip S-10mg, Ne 1-3 1in 50-100 m] of physiological
solution

2. Dexamethasone 4-8 mg 1m or v'v drip in 2000 physiological solution
Ne 1-3

3. Vitamin C (ascorhic aaid) 5% 2.0 1/v in 40% solution of glucose ( if nor-
mal blood sugar) Ne 3-5 (up to 10 per course). If you cannot eliminate elevated
levels of blood sugar — vitamim € 5% 2.0 v/m Ne 3-5 (15-20 per course)

4 Nldronate (NMeldonny 1076 5.0 No. 3-5 v/m or/in (do not use in reduced
AP, can increase heart rate)

5. Stugeron (Cimnarizine) 1 x 3 times/day for 3-4 weeks

6. Cavinton (Vinpocetine) 2.0 or 4.0 in/v drip slowly in 200,0 of physiolog-
ical solution No 3-S or 1t 3 times a day for 3-4 weceks

7. Nootropil (piracetam) 5.0 in‘m No5-10 in the absence of signs of brain
INjury, asvmptoms. seriotis mjury. expressed excitement.

R Kokarnintm m I ampoule Ne 3-51n a day. Requires a clear definition of
indications!

9. Papaverine 2% 2.0 m i the presence of a significant increase of vascu-
lar tone, spasm, No 3-5

1OCAP normalization

1. Sedatives

12, 1 there is bleeding. exudation from the ear to prevent the ingress of dirt,
water, as the rupture of cardnim is possible. Prevention of infection, avoidance of
inflammation. The use of antibiotics is possible.

13, 11 severe vestibular dysfunction takes place it is necessary to provide
the horizontal position and rest. With expressed manifestations (dizziness, nausea,
possible vomiting, impaired coordination) is necessary to consider the appoint-
ment of betagistin in dose of 8-16 mg (for example, betaserc, etc..)

These simple steps can prevent a significant violation of the hearing analyzer
and create opportunitics for Turther targeted treatment on the subsequent levels of
rendermg medical aid. The contraindications for its application should be taken
into account. For example, in case of bleeding. severe injuries, including cranioce-
rebral ete.

Of course. this does not mean that for all servicemen should be prescribed
the same treatment. but from this list is possible to choose the medicine according
to the indications and opportunity. It should also be noted that in case of injury,
polytrauma, and the presence of comorbidity, the treatment must be agreed with
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experts of other medical professions and considered contraindications and drug
interactions.

If it is not possible at least a minimum cvaluation of the patient’s condition
on stage | can be recommended supporting basic activities: dexamcthasone 4-8
mg i/m; vitamin C 5% 2,0 v/m; Cavinton (Vinpocetine) tablets o stugeron (Cin-
narizine) tablets.; sedatives (sibazon 0,5% 2.0 1/m or gidazepam 0,002 tab.). Itis a
set of tools, which have less factors of contraindications and are relatively sale for
using in absence of results of examinations and the impossibility of more specific
assessment of state of patient.

In case where opportunitics for diagnosis and treatment are expanding, we
recommend to complement this basic course application tor indications ol noot-
ropics, vascular drugs, physiotherapeutic methods cte. (see table. 3).

Unfortunately, sensorincural hearing loss with acoustic trauma s very ditfi-
cult to treat. Sometimes it is only about stopping the discase progression, alleviate
unpleasant symptoms.

It should be noted that many of the examined by us patients with combat
acoustic trauma also had associated traumatic lesions of the musculoskeletal ap-
paratus, shrapnel wounds, SBT and other injuries, and therctore primarily, they re-
ceived treatment from specialists of other profiles that should be considered in the
treatment of otolaryngologist. Often patients come to otolaryngologic examination
and treatment after treatment by other specialists, after finally Tocusing attention
on the hearing loss. From our experience, this greatly affects on the effectivencess
of treatment of acoustic trauma because the time got lost and 1rreversible changes
in the structures of the hearing analyzer are developmg. Mostly this was duc to the
priority provision of medical aid to injuries, dangerous to hives of patients and this
approach is justified. However, there are cases when on the violation of hearing
function (even if available) attention was paid much later. when the servicemen
already went to rehabilitation and by that time many of them were not even the
primary examined by otolaryngologist. This happened cither due to the Tack ol
appropriate specialists (otolaryngologists) on previous level of medical and, or as
a result of insufficient attention to complaints of tinnitus, hearmg loss cte.. or
the fact that the primary disorders of hearing function was insignificant, and pro-
gressed over time and only then when noticed by the servicemen themselves, this
prompt them to seek for medical attention. Unfortunately, by this time i many
cases can develop permanent hearing loss that are ditficult for correction. Such
cases are very unpleasant, because sometimes even unburdensome simple for real-
ization purposcful measures on carly stages of development acoutraumatic lesion
of the hearing analyzer could prevent irreversible changes m the hearmg system
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Note that sensormcaral hearing violations of any origin are very difficult for
treatment. This 1s a problem not only in Ukraine but all over the world. Acoustic
traumatic sensormenral hearmg loss s one of the most difficult in this plan because
with this type of SHI  wreversible changes (serious damage and destruction) are
developing in parts of heanng analyzer, and there is the tendency to progression.
According to some authors, perspective be the treatiment only when it began in the
first 24-48-72 hours aller acoustic trauma, some believe the critical first 5 days.
A very important factor for the treatment of acoustic trauma is the timeliness of
assistance: therefore, it s necessary to provide sufficiently fast directing of such
paticnts to the appropriate level on the stages. However, no less important is the
question of targeting and the adequacy ot diagnostic and treatment activities. An
important factor is that the vast majority of cases, with acoustic trauma disorders
of hearing function, even not expressed. accompanied by a subjective noise, ves-
tibular disorders, expressed disorders of the central nervous system that aggravate
the quality of patient’ s Tife and significantly affect their quality of life. However,
carly diagnosis and timely application of preventive and curalive measures, in
many cases. creates the opportunity for prevention of the development of severe
forms of sensorincural hearing loss in this contingent. All of this can best by pro-
vided in the state institution «Institute of otolaryngology named. for Prof. O.S.
Kolomiychenko NAMS of Ukraine» (the 4th level of medical care) if provided
timely direction.

Unfortunately. on our (4) level patients come very later. Practically, we state
the violation, provide high-tech expertise of state of the hearing analyzer and se-
verity of extraaural manifestations. With these documents, the servicemen then
2o to the commission to determine fitness for further service. The treatment that
we prescribe on the basis of the analysis of a complex examination, unfortunately.
rarely implemented in hospitals. Often in hospitals, the MD, MIB and the SSU
dominate stereotypical unified approaches. However, in this contingent some of
the most common approaches (not always reasonable, but stable stercotypes) can
be not only meffective but also very harmtul. Despite the fact that acoustic trauma
gencrally difficult to treat, it's a shame.

Realizing the need for a certain standardization of therapeutic and preventive
measures that should be realized when providing medical assistance (o service-
men, we develop a more specific, simplified guidelines that will not harm patients,
while retaining the elements of an individual approach.

As you know, the SHL treatment is not always effective. The efficiency of
treatment of violations of sound perception depends on many factors. The most im-
portant are pathogenetic substantiation of the chosen tactics, integrated approach,
accounting as complete as possible information on aural and extraaural violations.
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the date of starting the treatment, the general condition of cach patient, presence
of adverse prognostic characteristics and comorbiditics. providing an individual
approach in each case. In patients with SHL, who suffered i the zone of combal
operations, an important factor is a powerful stress factor. often physical and emo-
tional exhaustion, the presence of wounds, injurics cte.. This greatly affects the
effectiveness of their treatment. However, despite the fact that in some cases 1t 1s
possible to return hearing function, and in other only to facilitate a condition of pa-
tients with severe disease or to stop its rapid progression, it is necessary to treat all
patients with SHL, who get acoustic trauma in the zone of operation ol allied force-
es. It is nortworthing try to achieve at lcast a minor elicet even in poor prognostic
cases. Due to the fact that preserved hearing function influcnces greatly on quality
of human life. The decrease of the intensity of noise, improving intelligibility, and
sometimes just stopping of the progression ol hearing loss — any progress on this
difficult path has value. After all, the improvement of specch intelligibility and the
decrease of effects of phenomenon of accelerated growth of loudness (PAGL), for
example, offers the prospect of elfective rehabilitation ol patients with hearing
violations using hearing protezes.

Here are some examples of treatment of patients with acoustic trauma that
were in the zone of operation of allied forces.

Fighter G, scout, came to us with complaints on hearmg loss, mmpaired
speech intelligibility, subjective tinnitus, headache, dizziness, loss of coordination,
instability of movement, sleep disorders, meteopathy, anxicty. memory decline,
irritability. Patient had disturbance on periodic vegetative crises. A serviceman re-
ceived severe acoustic baro trauma during the bursting o mince. that was accompa-
nied by the loss of consciousness, CCBT. concussion the year before. Neurologist:
post-traumatic hypertensive encephalopathy, severe syndiome of” hematopoetic
discirculation with vegetative-vascular paroxysms m type of sympathoadrenal cri-
ses; moderate vestibulo-atactic syndrome; expressed asthenoncurotic syndrome.
The treatment about the violation of hearing function was not conducted. Subjec-
tive audiometry (Pic. 12) — a severe violation ol the function of sound perception
on both sides, the violation of intelligibihty ol speech test. I EG significant -
tation of cortical and dicncephalic structures of brain. The total-bramnly character
of the changes of biocurrents. REG — instable vascular tone, with a tendency to
decrease, low pulsive blood filling in all Icads, i the veriehral-bastlar system
sharp decrease. A significant difficulty of venous outflow i veriebrobasilar pool
Vestibulometry: central vestibular syndrome with a violation of stato-kmcetic cqui-
librium, disrhythmic spontancous nystagmus. disthythnne postmortem nystagmus
on the background of disharmonic vegetative-sensory 1esponses. The recen cd
treatment was: Nootropil 5,0 i/m Ne 15, then 400 mg 2 tines a day (mormimg and
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for 1 month, (
rian, tincture of motherwort, Novo-passit). Unfortunately, the patient had passed
this course. not all at once. there was a break in the course of treatment and not all
medicines were used at once (this was due to the capabilities of the medical insti-
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alternoon) for 3 weeks, Cercbrolysin 2

2.0.1/m Ne 20, ATP 2,0 i1/m Ne 20, Actovegin
2.0 0m Ne 1S Stugeron |3 times a day for 1 month, Preductal MR 1t. 2 times
avinton Tt. 3 times a day for 1 month, sedatives (tincture of Vale-
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Pic. 12, Data of subjective andiometiy ol service members G in dynamics of treatiment.

tution in which the servicemen was treated and also because of parallel treatment



of other diseases). However, we have achicved some success in the treatmient.
Despite the remoteness of the process and the presence ol concomitant injuries,
tonal hearing was not significantly improved, however, the patient mentioned the
decrease of manifestation such as subjective car noise (1Us intensity was reduced.
periods when he did not feel it at all increascd), paticnt was less annoyed by loud
sounds (decreased signs of PAGL that, in particular manifested i the increase off
DT of Luscher at a frequency of 4 kllz), the intelligibility unproved significant-
ly, which contributed to improving the quality of life and communication. Also,
the patient noted the improvement in general condition - sleep has nmproved. the
intensity and frequency of headaches decreased, the dizziness and impaired co-
ordination reduced. So, we believe it is hcccss‘n;\' o treat even the most severe,
complicated forms of combat acoustic baio trauma with delayed recourse,

The patient V. Came to us alter acoustic baro traumatic lesion due to a gre-
nade explosion in a week. He complained on hearing loss, especially on the right
side, severe noise in the right ear, headache. dizziness, poor sleep. AP 130780
mmHg. Audiometrically — bilateral dysfunction of the sound perception. on the
right — significant (Pic.13).

On AEP — violations in brain stem and cortex parts of hearing analyzer, more
significant on the right. On EEG is significantly reduced bioelectrical activity of
the brain, signs of significant irritation of the cortex and diencephale brain-stem
structures. On REG — instable vascular tone, with a tendency to increase., in carotid
system there are signs of it” s significant incrcasc. In vertebrobasilar system there
is severe decline of pulse blood filling. more significant on the right, the difficulty
of venous outflow. The conducted treatment: Papaverine 2% 2.0 with Dibazol 1%
1,0 i/m Ne 7; Nootropil 5,0 i/m Ne 15, then 400 mg 2 tmes a day (morning and
afternoon) for 3 wecks, Cerebrolysin 2,0 1/m Ne 25, ATP 2.0 1'm No 23, Actovegin
2,0 i/m Ne 20, Mildronate 10% 5.0 /v Ne 10, Stugeron I 3 tumes a day for
1 month, Preductal MR 1 t. 2 times a day for I month, UL endoaurally with frak-
siparini Ne 10; sedative medicine. Since the patient came 1o us quite quickly after
acoustic trauma, we managed effectively to restore his hearing. After treatment the
hearing function improved significantly, the tnmitus has almost disappeared. the
periodic subjective noise of minor intensity disturbed rarely. We have managed
almost restore hearing function on the right and to normahize on the Teft, mamly
because of the timely treatment, detailed exanmnation and targeted treatment as
soon as possible afier acoustic trauma.

Service member Z. was wounded and got acoustic trauma . In August 2014,
got the treatment in hospital about feet injury. The attention was pand 1o the hear-
ing loss and treatment was prescribed to the the service member much later It
was not cffective and the paticnt was sent for exanination to the state mstitntion
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Pic. 13, the audiogram of patient V. in dynamics of treatment.

«Institute of otolaryngology NAMSU». At the time of contacting us servicemen
had complaints on hearing loss, intense noise in both cars, poor tolerance of loud
sounds, reducing intelligibility, headache, dizziness, poor sleep. AP was 120/70
mmbg. While examining in the Institute audiometrically was diagnosed bilater-
al SHL with violation of the speech intelligibility test, discomfort. low DT on
both sides (Pic.14). According to the AEP took place expressed violations in brain
stems and cortex parts of hearing analyzer. OAE was not recorded. According to
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vestibulometry: central vestibular dyslunction, violation ol stato-kmctie equihibn-
um, expressed sensoric and vegetative reaction, nystagmus disthythimie, the silent
ficlds were registrated. REG — decrcased tone of cerebral vesscls FEG signmihicant
irritation of the cortex and diencephale brain-stem structures of the bramn The pa-
tient was assigned to such treatment: Nootropil 5,0 0m No 1S then 800 my 2 times
a day for 3 weeks; Cerebrolysin 2,0 v/im No 25 ATE
i/m Ne 20, Stugeron 1 . 3 times a day for I month, sedative medicine After the
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Pic.14. The audiogram of paticnt Z. m the dynamics of treatment
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first course of assigned treatment the hearing function has improved, including
intelligibility of speech, the intensity of subjective ear noise reduced,the general
conditton improved significantly.

This patient passed several courses of treatment and eventually the discom-
fort in specch audiometry disappeared. the range of tone perception of high fre-
quency range extended. the subjective noise was preserved. but its intensity de-

creased and even it occasionally disappeared (Pic.15).

NPABE BYXO NIBE BYX0O
we ru | Aoeoa A wa ru | Reerta docnia,
L&/ .: A Ll e | 4= [
[I S E— L X C
100%__ \
3 E 1o Tecl o mipfl
: L sechende 4 -
° o [woeraw 7
¢ | P -
3 3, 'I /
¢ P
5 » / ) - S 1 AW A4
2 0 /s - b 1. 'g J LY
& QL_ P £« IR PR I 1 [ B9 S S — a ¢ WZe
19 33 30 40 %3 60 7O G 90 497 1) -2 "o » w0 Kk @ ™ o w100 110 '.:g

A 0 O [ 20 Ol B

1e0 pLET) €50
AR ES] [TEE M) 200

0 -~---——- -«‘—--

3300 L=k
Lot

T — U"—-\#s I

: T 3 .

ol -« - . B High » l e e e e .

a B Y Fioauar~ L1
| Fiequency

s Sg 5% Py ol .

© \ oo o oo e Audizg aim y_-l e oM ¢ o e

Pic.15. the andiogram of the patient Z. alter treatment.

56



Service member T. periodically got acoustic traumas during the fighting, al-
ter which was a temporary deafening, stufty ears, ringing mn the cars. But these
feelings passed after a while and the patient has not soughthelp. In 2015 he came
under mortar shelling and the explosion happened nearby. Afier mme-explosive
injury he felt hearing loss, deafening, stufty cars, severe tinnitus — severe ringing.,
dizziness, loss of coordination, felt poor tolerance of loud sounds. Subsequently.
stuffy ears, deafening passed,but other symptoms remained. However. he asked
for medical help only in February 2017. By this time the periodically received
acoustic traumatic impact of medium mtensity. Therclore. the patient asked for
help long after a few acoustic trauma ol varymg intensity. At the tme of treat-
ment he had complaints on hecaring loss, permanent high-frequency noise n the
ears, which increased periodically, poor tolerance of loud sounds. penodic loss
of coordination, dizziness, especially at sharp movements, sleep disturbance, ir-
ritability. During the examination according to REG — increased tone of cercbral
vesscls with the phenomena of angiospasm in all Teads. In carotid system is mod-
erate, in vertebrobasilar — significant obstruction of the venous outllow. The pulse
blood filling in vertebral-basilar pool is decreased. On FEG significant irritation of
cortex and diencephalic structures of the brain. The overall cerebral character of
the changes of biocurrents. The treatment was prescribed: Papaverine 2% 2,0 1'm
Ne 10; Nootropil 5,0 i/m Nel5, and then 600 mg orally 2 times a day morning and
afternoon for 3 weeks; Cerebrolysin 1,0 1/m No 25; ATP 2.0 1/m Ne 25; Cinnanizine
| t. 3 times a day for 4 wecks.; Scrmion 10 mg 3 times a day for I month.; Valerian
extract 2 t. 3 times a day for I month. After treatment. the patient had the normal
hearing function (both in conventional and extended frequency range!) according
to subjective audiometry (Pic.16), significantly decreased subjective ear noise - it
became “background”, didn’t bother severely. disappeared periodically at all, the
sleep has improved, the dizziness didn’t disturb, just mmor symptoms of transient
dizziness that took place rarcly, the manifestations of poor coordimation during
sudden movements have disappeared. The example demonstrates that itis possible
to achieve a positive effect in treatment of acoustic tratmmatic lesion of hearmg an-
alyzer even when patient has accessed via a long ime. Therctore, i our opmion,
itis desirable trying to treat all paticnts with combat acoustic trauma, regardless of
time of treatment after acoutraumatic effects, including the repeated one.

Therefore, in treatment of acoustic trawmatic SHI m participants of combat
actions it is possible to achicve a positive effect, even with repeated acoustic trau-
ma and after a long time, and it is necessary (o aspie to this.

In our opinion, the correction of disorders of hearmg function should be
included in the rehabilitation program of affected ina combat zone, smee such
violations, are though not to be life threatemng, but atlect quahty ol hife
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Pic.16. Data ol subjectv e audiomenry of service member T, in dynamics of treatment.

[Tic prevention of sensorincmal hearing loss with acoustic trauma get in
real combat conditions are very important. There is an opinion, that the only cf-
fective method of prevention of SHI s the reducing of the impact or climinating
the damaging ctfects of etiological factors on hearing analyzer, however, this is
rarcly possible: thercfore, in the first place in terms of SIHL is carly diagnosis
ol 1t Thus, the main measures of prevention of severe hearing loss with combat
acoustic trauma is the timely identification of sensorineural disorders of hearing
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function in patients with acoustic trauma on carly stages and targeted treatment
and preventive measures.

The timely identification of groups of risk. individuals who are more sensi-
tive to the effects of powerful sounds can help to avoid significant acoustic trau-
matic lesions of hearing system. In this respect, an clfective is assessment of indi-
vidual sensitivity of hearing system ol the servicemen to sound load including the
damaging effect of high-intensity sound on the basis ol analysis of complex in-
strumental examination. During the studies of professional hearing loss ol «noise»
genesis have been identified certain signs that indicated about the vulnerability of
hearing system to noise effects, which can be applicd m casce ol acoustic trauma.
Also more sensitive to acoustic trauma there are individuals with dystonia, insta-
ble vascular tone, changes in the functioning ol central nervous system, discases
of cardiovascular system. The definition of contingent ot individuals who are more
sensitive to such lesions may be helpful in preventing the incrcase of number of
affected by acoustic trauma. Persons who belong to groups of risk, are not advis-
able to be send in divisions where there is an increased possibility ol contact with
sounds of high intensity.

Also an effective can be the usage of personal protective equipment (tactical
headphones, earplugs, helmets, etc.) at least where possible — gunners, grenade
throwers, tanks, etc. There is also a clear need to develop certain specific pre-
ventive approaches, taking into account features of application of various types
of weapons. The development of such measures requires further rescarch m this
direction.

Also, it should be considered that to patients with symptoms of PAGL. are
contraindicated the contacts with the sounds of high intensity. because there 1s a
risk of significant damage of hearing system and the rapid progression of SHIL.
Therefore such patients during treatment require regime ot silence. and alter treat-
ment they are contraindicated to staying in a noisy environment, require avoiding
of contact with powerful sound ctfects..

The identifying the cases of severe course ol the desease. definton of clear
criteria for progression SHL and timely apphication of targeted preventive mea-
sures also helps prevent the development of signilicant hearing disorders with
acoustic trauma got in real combat conditions and disability ol patients.

According to our obscrvations, the most dithcult for trcatment are the pa-
tients with acoustic trauma, which have the changes in brain stem and limbic-retie-
ular parts of the hearing analyzer according to SLAEP and LEATP. Also the cases
where on EEG there are changes in diencephalo-brain stem and mediobasal parts.
of the brain, especially on the background of reduced bioclectneal activity. Severe
acoustic traumatic SHL takes also place with signihicantly reduced pulse blood
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filthing in the vertebrobasilar system, with significant spasm and increased tone of
cercbral vessels, atonic curve. a significant difficulty of venous outflow according
to REG. In such cases, itis necessary to provide long-term complex targeted treat-
ment taking into account as many factors as possible. Of course, special attention
should be paid to the atfected with combined injuries, wounds., depression, PTSD,
related diseases. The efficiency of treatment is lower in patients with repeated
acoustic trauma,

So.assues of carly dingnosis, treatment and prevention, as well as the fea-
tures of rendering of medical aid at the stages with combat acoustic trauma is
relevant and requires the implementation and further improvement. The trecatment
that begins timely and is targeted and based on the condition of the various parts
of the hearing analyzer and extraaural changes can prevent the progression of sen-
sorineural hearing impairment and the formation of heavy SHL in patients with
acoustic trauma get during combat actions and in some cases. improve hearing
function in these patients.

Thus, military personnel who get combat acoustic trauma should be as soon
as possible prescribed targeted treatment. The patients who get acoustic trauma in
a combat zone, should have complex treatment based on the data of instrumental
examinations, so 1t is advisable fo direct such patients as quickly as possible to
higher (3-4) level of medical care.

Patients who get acoustic trauma in real combat conditions, have a num-
ber of peculiarities caused by specificity of some aural and extraaural manifesta-
tions in such cases, that dictates the necessity of accounting such changes during
treatment. Assisting patients with sensoncural hearing loss due to combat acoustic
trauma in military terms has its own specific phasing and sequencing. It is neces-
sary to ensure a clear sequence of preventive measures on the stages.
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A LIST OF SYMBOLS, ABBREVIATIONS

AEP — auditory evoked potentials

ABR  —auditory brainstem response

ARIM  —acoustic reflex of the muscles inside the ear
AP — arterial pressure

DCI — diacrotic index

DSI — diastolic index

DT — differential threshold

LLAEP - long-latent ayditory evoked potentials
EEG — electroencephalography

ENG - clectronystagmography

AFU — the armed forces of Ukraine

SLEP - short-latent auditory evoked potentials
LPP — the latent period of the peaks

IPI — inter peak interval

OAE — oloacouslic emmision

PDS — paradoxical drop in speech intelligibihty
REG  —rheoencephalography

Pi — pulse blood filling index

AEP — auditory evoked potentials

SHL — sensorincural hearing loss -
PAGL - the phenomenon of accelerated growth of Toudness
CNS — central nervous system
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Application (questionnaire) to the map of examination of patient with
acoustic trawma, acoustic haro trauma

Name, Surname

History (the circumstances in which occurred acoustic trauma, acoustic baro
(rauma)

Related I(-smn\ clmm;~ acoustic trauma: no, yes; head injury, contusion, wound,
other ) ) _ Loss of consciousness,
nausca, vomiting

Acoustic trauma first. repeated ~ .Howmuch time has passed
alter acoustic trawma -

Treatment for hearine loss as a res sult of acoustic trauma before that time.yes,no.
Stun alter acoustic trauma: no. ves.minor, moderate, significant, long

Ear pain: no. yes. unilateral. hilateral: appeared at the time of acoustic trauma
how long shight. moderate, marked. Now no. yes.

Discharge from the ear: blood. fluid. single-sided.from both sides immediately
alter acoustic trauma

Congestion in the cars: no ves: umilateral, on both sides; slight, moderate, severe.
appeared immediately after acoustic trauma, long . appeared later,
after - Now no. ves, associated with

Hearing loss: no, well. one-sided. both sides: slight, moderate. marked, appeared
immediately after acoustic trauma. later . Hearing loss was not until
acoustic trauma: ves, no: incrcased after acoustic trauma. The hearing eventually
worsencd, improved. unchanged.

The violation of intelligibility: no, ves: minor, moderate, significant; unilateral,
both sides: appeared immediately after acoustic trauma, later . then
worsened, improved, unchanged.

Loud sound feel normally, bad, high frequency, low frequency, appeared
immediately after acoustic tavma, later protractedly _ now no, yes.
Distorted perception ol sounds. also. an unnatural feeling of sound some (of
which ) ol sounds, after acoustic trauma, later . protractedly
- ~NOW no.ves

Subjective noise: no. yes: unilateral, bilateral. in the head: shght, moderate,
significant; appeared immediately after acoustic trauma, later, after .

lasted - permanent, periodic, homogeneous, inhomogeneous, high-
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frequency, low frequency, whistling, ringing, other B
Over time, the noise disappeared, increased, varied inintensity, ficquency, quu.k
slow; remained about the same.

Now: no, yes, constant, intermittent, slight, moderate, significant; unilateral, both
sides, in the head; homogencous, inhomogencous. high-frequency, low frequency,
background, whistling, ringing, other varies throughout the day in
intensity, in tone depends on A .
Headache: no, yes; appcarcd nmmdmlul\ after acoustic  trauma;  lasted

;appeared later shght, modcerate, significant; “pulsating”, a fit

of pain, long; mostly in the forchcad, temples, crown, nape, migrating throughout
the head; unilateral, bilateral. Over time, decreased, increased. no change. Or
bothered to acoustic trauma: no, yes. Now: yes, no, often, seldom, almost always,
minor, moderate, significant, “ripple”, a fitof pain, long; forchcad, temples, crown,
nape, migratory; unilateral, bilateral; associated with stress: physical, emotional,
atmospheric fluctuations, I
Dizziness: no yes; appcared immediately after acoustic trauma how long

, appeared later, after  _ minor, moderate, significant;
accompanied by nausea, vomiting, and “fly” belore the cyes, darkening of the
eyes. Or bothered to acoustic trauma: no, yes. Now: no, yes, a shght, moderate,
marked; long, short; often, seldom; is associated with AP, headache, atmospheric

fluctuations, fatigue, sharp head turns, sharp movements, other
accompanied by nausea, vomiting, and “fly” before the eyes. darkening of the

Cycs i ) . o

Impaired coordination and balance: no, yu minor, mmlu.m \|En|hunt
unsteadiness of gait, uncertain movements, appeared after acoustic trauma,

continued ; appeared later, after . Or bothered to acoustic
trauma: no, yes.

Now: no, yes, are slight, moderate, marked; associated with 7 B

A feeling of heaviness in the head: no, minor, moderate. expressed, appeared
immediately after, acoustic trauma, continued _ appeared later,
after , in the arca of forchead, temples, occiput all over the head.
Or bothered to acoustic trauma: no, ycs

Now:no, yes, often rare; minor, moderate, significant; in the forchead. temples,
diffuse all over the head associated with - N
Sleep disorders: no, yes; superficial, sleeps badly. wakes up in the night. m the.
morning feels no rest; came after acoustic trauma; lateralter ——  how long
does . Or bothered to acoustic trauma: no, yes
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Memory impairment, attention: no, yes, minor, moderate, expressed, appeared
immediately after acoustic trauma, later, after . Now:no, yes. Or bothercd
to acoustic trauma: no, yes

Other complaints: gencral weakness, fatigue, irritability, increased emotionality,
mctcopathy. anxicty B
Arterial pressure: working
I'X_ . BCJ -
Otolaryngology-examination

. a tendency to raise, reduce, unstable,

Notes:
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Below is an example of a more simplificd version ol the questionnaire for patients
with acoustic trauma, acoustic baro trauma.

A questionnaire of the patient with acoustic trauma, acoustic baro trauma

Name, Surname = _ oa
The circumstances under which occurred acoustic h.umm, acoustic baro

trauma

Hearing loss, there is slight, moderate, marked, appeared for the first ime aiter
acoustic trauma; before, after acoustic trauma increased.

The feeling of discharge from the ear immediately after acoustic trauma. blood,
fluids; unilateral, both sides

Stun after acoustic trauma: yes, no, slight, moderate, marked, long

Ear pain: no, yes, unilateral. bilateral; appcared at the time ol acoustic trauma,
how long slight, moderate, pronounced. Now: no, yes.

Congestion in the ears: no yes; unilateral, on both sides: slight, moderate, severe,
appeared immediately after acoustic trauma. long NOW: No, Ves
The violation of intelligibility: no, yes; minor, moderate, expressed. appeared

immediately after acoustic trauma; later, after s untlateral, on both sides.
Now: no, yes.

Loud sound carrics poorly, normally, appeared immediately atter acoustic trau-
ma; later, after . Now: no, yes.

Subjective noise: no, yes; unilateral, bilateral, in the head: shght. moderate, sigmil-
icant; homogencous, inhomogencous, high-frequency, low frequency, whistling,
ringing, other ; appeared immediately alter acoustic trauma,

lasted , appeared later . Eventually disappeared, increased. no
change.

Headache: no, yes; appearcdimmediately afteracoustic trauma; fasted B

came then through ,slight, moderate, sigmficant; mnnlvmllu forchead.

temples, crown, nape, migrating throughout the head: anilateral, bilateral. Over
time, decreased, increased, no change.

Dizzy: no, yes, minor, moderate, significant. appeared immediately after aconste
trauma, continued . accompanied by nansea, vomitmgand “ly” before
the eyes, darkening of the eyes. Dizziness came over time (after ). Now:nooves
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Impaired coordination, balance, unsteadiness of gait, uncertain movements, also,
slight. moderate, marked, appeared after acoustic trauma, continued ;
appcarcd over time (after ). Now: no, yes

A feeling of heaviness in the head: no.yes, minor, moderate, significant; in the
forchead, temples, diffusc all over the head; it appeared immediately after acoustic
trauma, continued  appeared over time (after ). Now: no, yes.
Memory impairment, attention: no, yes: minor, moderate, expressed, appeared
alter acoustic trauma. Over time. decreased, increased, no change.

Other complaints: general weakness, fatigue, irritability, increased emotionality,
sleep disturbance

Acoustic trauma first, repeated. How much time has passed after acoustic trauma

The presence of contusions, wounds, traumatic brain injury, other
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Tablel

The most characteristic diagnostic signs and emergency extraaural
manifestations in acoustic trauma get in real combat conditions,
according to clinical and instrumental methods of examination

Examination
methods

The most informative diagnostic mdicators (qualitative and quantitative in-
dicators)

Data history,
complaints

Typical complaints: hearing loss: stun, congestion and pain in the cars afier
acoustic trauma, poor tolerance loud sounds; an important symptom is sub-
jective tinnitus, especially of high frequency; dizziness imbalance: headache,
heaviness in the head. irritability, sleep disturbance. Moreover. should be pard
attention on the duration and severity ol such feclings

Clinical methods
{Otolaryngolo-
gy-examination )

Dull tympanic membranes. their thickness: mjection of the vessels i the
course of the handle of the hammer. The particular smooth outhnes and re-
duced light reflex. Signs of traumatic rupture of car drum (perforation, scar-
ring) -

Subjective audiom-
etry

The increase in hearing thresholds tor tones. m.unI\ i the regron of 4-8 kz
of conventional, as well as 14 and 16 KHz of extended frequency range down
to the type of tonal audiometric curve. often - rupturely. Ttis often charac-
terized by "peaks” increase in hearing thresholds at the tonal curve with the
greatest increase in threshold at 4-¢ kHz and 12 klz "acoustic traumatic”
peak*.
extended frequency range: impaired speech intelligibihity test (often stunted
growth): the presence of discomtort, including speech. with sumulus itensity
of 100 dB, but sometimes at 70-80 dB, often without ather violations of mtel-
ligibility; the discomfort and the violation of itelhgibility can be observed at
the absence of significant disorders of hearing function (defined dissociation
symptoms); reduction of ditferential thiesholds (D) method Tuscher. espe-
cially in the region of 4 kHz: the asymmetry. Often bilateral. asymmetnical
disorders of hearing function

Can be observed "breaks™ the perception of tones, especially m the

Registration AEP

Changes of the complex peaks (thar smoothness. additonal waves, a de-
crease or incrcase in amplitude) and temporal charactensties. The elongation
of the latent periods of the peaks of the waves (1PP).espectally 11TV and
interpeak intervals (IPD) -1 and 1-V SLEP Increase TPP "late™ components
LLEP P, and N,. The asymmetry of response. Disorders in the central parts
of the hearing analyzer are observed i case of sheht disorders of hearing
function according to subjective audunmlr\

Sibd AN S— - 4

OAE

"Dissociation” of data OAT and Jonal audiometry s often a l(\|h\ll\t of the
OAE are recorded at frequencies 4 and 6 kT2 with no response to lower, while
according to subjective audiometry to these tones is the most marked reduction
in hearing sensitivity. Asymmetry. OAT 15 often notrecorded atall onany of
the frequencies. However, if 101s timely targeted treatment there s achance

to get answer from the outer han cells Consequently, reversible changes
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lmpc(l;mu; andh- Ihe change ol amphitude (a decrease, sometimes sharp) and time (prolonged
ometry latent period and the period of recession and reduction period) characteristics
of the acoustie reflex ol the muscles in-the-car (ARIM). Asymmetry. Local-
i7ation 1s more abvious violations are not always identical according to audi-
ometry at conventional and extended frequency ranges, a certain dissociation
ot mdicators Often there is a lack of ARIM with sufficient conditions for this
level ofthe hearng thresholds and the absence of pathology of the middle car.
[vmpanogram olten not significant. Often observed tympanogram of type A,
less the biel-amplitude or vice versa. the low amplitude (type As).

Vestibulometry Ihe presence of spontaneans or positional nystagmus according 1o the reg-
istration ol elektronistagmography (ENG). Violation of the stato-kinetic
equilibrium according to the index cephalography, disruption of the dynamic
equilibrivm (the most mformative is a sample of the flank gait and walking
fest Fukuda™). According 1o the experimental nystagmus (rotational test at
Barann Central vestibular dysfunction of varying severity, which prowls mis-
match hetween parameters of experimental nystagmus, disritmia nystagmus,
the presence of “silem” fields. Predominantly central vestibular syndrome,
sometimes combined with vesibular dysfunction. The degree of decompen-
sation of the second level. The asymmetry of indicators.

FIG Violation ot initative character. hypersynchronic bursts, often — epileptiform
post-traumatic changes. Desynchronization and disorganization of the basic
thvthms, smoothed zonal differences, the increase in the content of slow-
waves activity, especially in theta rhythm, often in the front projection. Signs
ot attraction of diencephale brain stem and mediobasal structures of the brain.
[ Asymimetry.

Often a weak and low tone ol cerebral vessels.

atomie curve. Can be greatly increased tone, spasm of cerebral vessels. The
ditficulty of the venous outtlow in alnost all patients. The decrease in pulse
- blood. often i all eads, not only in vertebral-basilar pool. Asymmetry.

Note: * “autramatic pcui\" -avery characteristic feature. Looks like some kind of a peak, the higher
thresholds of hearing sensitivity ata frequency of 4 ot 6 kl1z, follewed by some decline in the arca of § ki1z.
She easily recognized on the audiogram by all the doctors otolaryngologists (and not only) of any skill level.
The diagnosis of “acoustic trmma to servicemen with presence of acoustic-traumatic peak on audimetric
curve il the patients were wa combat zone and have been in contact with the sounds of high intensity due
to the use of military weapons (of course. the accounting and other data) is not difticult.

REG
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Table 2

The most typical qualitative and quantitative parameters according to
subjective and objective methods of examination of paticnts with combat
acoustic trauma that can be used as markers to resolve expertissues,
determining severity of disease, prognosis and evaluation of treatment

effectivencess.

Qualitative and quantitative indicators

Prognostically unta ulll;l

ableosevare

The complaint of subjective car noise, poor
tolerance loud sounds, dcafening, congestion
and pain in the ears aficr acoustic trauma; diz-
ziness, balance disorder, sleep disorder, head-
ache. heaviness in the head

The feching afier a long
Geouste trauma, severity
of complaints 1s sigmit-
icant

A positive trend, a sign
of the effectiveness of

treatment

Ihe decrease i mtensi-
ty ot the symptoms, the
disappearance of 1t

The intensity of subjective ear noise * 5-10 dB  above the|The decrease o the
threshold,  permanent. | intensity — pertodically
periodically amplitied disappears,  disappears

completely

Frequency response of the subjective car | High-frequency,  "com- | A reduction in the fre-

noisc* plex”, permanent quency.  pertodically

disappears,  disappears
completely

Manifestations PAGL Expressed Reduced, absent

The presence of discomfort in the perception | There is, even i case of | No discomtort m- the

of a speech test

slight disorders of hear-
mg function according
10 the tonal threshold au-
diometry, may be logeed
even when the signal in-
tensity of 70-80 dB3.

DT at Luscher at a frequency of 4 KHz*

Low or lowered 0.4 =08
dB

perception of a speech

st

Normalization, n-

creased to more aceeplt-

able values

The presence of PPR and PPR concealed

Expressed

Violations of the speech intelligibility test
(stunted growth, failure to reach 100%),
including periodic disruption of speech -
telligibility (for the complaints of paticnts)
The hearing thresholds for tones 4, 6, 8 kl1z
(or the decrease in thresholds after treatiment)*

Expressed
Increased  sigmificantly.

"break” perception

60

Reduction ofmanmifesta-
tions, the lack ol 1t
Reduction ol manifesta-
tons, the lack ol it
Reduced, the reduction
ol thresholds mothe dy-

namics of freatment -




-
LPPIESEEP?

LPPVSILEP

S -

Lengihenmg  of  LPP

more than 2.8 ms

The decrease in LPP
from the increased val-
ues, normalization

Lengthening of LPP

more than 5.9 ms

The decrease in LPP
from the increased val-
ues, normalization

PLEIESLEPY

IPLI-V SLIEP*

Lengthening of IPI more
than 2.3 ms

The decrease in [PI
from the increased val-
ues, normalization

[ engthening of IPI more
than 4.2 ms

The decrease in I[Pl
from the increased val-
ues, normahization

LRPIRJIEEER:

[-engthenmg LPP more
than 180.0 ms

The decrease in LPP
from the increased val-
ues, normalization

PPN, LLEP?

Lengthening  of  LPP

more than 200.0 ms

The decrease in LPP
from the increased val-
ues. normalization

Registration DPOAT especially at frequen-
ces 4 and 6 kHz *

Absents

Existing

Fhe intensity of the DPOAT signal at frequen-
ces4and 6 klZ *

docs not exceed

"noise”

| ow

Growing, sufficient for
constatation of a posi-
live response,

The decrease m the ampliude ARING *

Expressed. the amphitude
below is 0011 cm?

The growth of the am-
plitude

The lack of ARINT sutficient to check the lev-
cls of the thresholds of hearmy

Missing ARTM

ARIM is registered

Changes i temporal charactenistics of ARIM
tlengthening of the latent period and period
of recession, as well as reducing the validity
period)

The presence of witation dienciphale-stem or
mediobasal bran structnies on the FEG *
Alpha -index of TG

The pereentage o the theta rthythm in tempo-
ral leads of the FFG

Yes. expressed

A decrease in the mani-
festations

Yes, expressed

Slightly marked. miss-
ing

[ess than 407,

Growing, is more than
S0%

Ag\l(nxc than 20%

Deereases, does not ex-
ceed 15%

Ihe amplitude of the alpha-thythin of the FI'G
*

Low (less than 40 mV)
or high (more than 130
mkV)

The normalization val-
ues, the amplitude in the
range of 60-100 mkV)
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The phenomenon of the disruption and desyn-
chronization of basic EEG rhythms

Available, expressed

Unexpressed. synchro-

nized  bioelectrnical ac-

uvity, thythm s orga-

signs on EEG

background recording

nized
The absorption of the imposed rhythms of the [ Missing  (arcactivity). S;nnlixu(ﬁy
EEG weak -
Zonal differences of EEG Missing. smooth | Conserved
Reaction to opening the cyes of the EEG Missing.  poorly — ex-| Consenved, expressed 1
pressed "
The presence of sharp peaks, sharp potentials, | Yes, a - considerable | No. the decrcase m the
complexes "peak— slow wave", "spikes”, ete. | quantity  alicady — lor | number and severity of

Hypersynchronised spikes on EEG Yes [ Ne
Signs of epileptiform activity Yes No
Focal manifestations on EEG Yes | No
Atonic curve ofREG Yos No

The decrease in pulse blood filling, Pi accord-
ing to REG *

Yes, a sigrificant i both
systems (carotid and ver-
tebral-basilar),
than 0,6

less

No. 15 only moderate
i the vertebral-basilar
svstem. Proare close to

the norm

Difficulty of venous outflow according to
REG, DSI (vertebral-basilar system)*

Yes, expressed. i both
systems, so far more than
7“"{(!

No.
i the vertebral-bastlar

is only moderate

syslem

Spasm of brain vessels, increased tonus, DCI

Yes, expressed
spasm. a signilicant -

bl

the

crease Intonus,

more than 60"

Instable vascular tonus according to REG

Yes

Central vestibular syndrome

Expressed

No. moderate tonus -

CIddsy

Unexpressed, missing

Stage subcompensation

[ ow (T, naddlech

Violations of static equilibrium (index ceph-
alography)*

Index CPG 6.1 con

unmit

Violations of dynamic cquilibrium (sample
flank gait, walking Fukuda test").*

Deviations in the course
ol 1.5 m, rotation 60-

70"

Disritmia nystagmus, the presence of “silent”
ficlds

Yes

High (1)

MI\\IH[_’

Missing

No

Note: * - indicators, changes of which allow to evaluate the eliechiveness ol freatment

during the follow-up, including objectively

71



Table 3

Measures of dvug therapy used for the treatment of sensorineural hearing
violations in acoustic trauma get during combat actions

( Desimtocsication, hemostatic

and an-

ti-shock therapy Fmergency help

I -lysie aescimatdnp S-10mg. Neo |
S0-100 ml of physiological <clition

Dexamethasone 4-% mg vm or pdrip m
at 200.0 physiological solutionNo. [-3

Vitamin C (as ascorhic acid) 8% 2.0 1y
drip 5% oriin tnickle 1o 20,0 40%, glu-
cose solution (assimimg normal levels of
sugar m the blood) if vou cannot exclude
high blood ghicose levels - vitamin (

It there 1s evidence of these actions starts the
course of treatment in the early stages

Anti-edema elfect, reduces the pressure of the
lickvore. Contraindicated in the risk of bleed-
ing. high AP

Decongestant, anti-inflammatory effect. Effec-
tive only in the first days after acoustic baro
trauma, shown if there are signs of acoustic
baro trauma

Degidration, detoxifying, adaptogenic effect

Drugs that contribute 1o the nnprove-
ment of the functional state of the cen-
tral nervous svstem (nootropie drugs that

stimulate the nervous metabolism. cspe-
crally bram tissue)

Nootropil (piracetam) 5.0 1'm Ne 10-15,
inside 400-800 mg 2 times a day (morn-
ing and evening) tor 3 weeks

" Large doses of noottope for this group
of patients 1s contraimdicated.
Strengthens the processes of excitability
ol the nervous system

Cerebrolysin 1.0 or 2.0 tim course Ne.20-
30 (short courses inellective)

I'he use of drugs of this group substantiated
significant changes in the central hearing ana-
lvzer and violations of the functional state

Nootropil does not apply in the accute period
of SBT. 1t is absolutely contraindicated in any
form of convulsive readiness, epileptitorm
manifestations (and it is olten seen in the in-

Jured in a combat zone). Therefore it is not

shown in the carly period after acoustic baro
trauma, contusions, head trauma. In the case of
significant irritative changes in brain activity
(as manifested in the vast majority of patients
with combat acoustic trauma) it should be used
very carcfully and in small doscs.

Nootropil partially acts on the cerebral cortex.
improving associative functions. It boosts the
cnergy metabolism of brain cells, developing
their potential neurophysiological abilities, cs-
pecially when their failure Cerebrolysin can be
used in point period of SBT.
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It has a limit of application only i the case
ol epileptic manifestations. Cerebrolysin pro-
motes the protein synthesis and aftects the res-
piration of nerve cells Teis spectfic for the brain
drug and has a unique multi-modal mechanism
ol action, based on the interaction ol biolog-
ically active neuropepuides. Cerebrolysin has
a significant ncurotrophic and neuroprotective
action by nercasing the ethiciency ol acrobic
energy metabohsm, which attects the protein
synthesis ol neurons and a decrease i the level

ol lacue acid.

Stugeron (cinnarisini) 1 €. 3 times a day
for 3-4 weeks
May cause drowsiness!

Tonpaticnts with vascular disorders, vertigo.
central vestibular dystunction (which is olten
observed in patients with acoustic trauma).
Stugeron enhances the activity ol regulatory
centres of the central nervous system, reduc-
ing a tonus ol vessels ol a bran and reheves
their spasm. reduces vertigo, and improves the
resistance ol tissues to hypoxia. In addition to
direct elfeets on the cerebral vessels and blood
rheology has also an antihistamine, deconges-
tant and scothing clicet. Stugeron improves
coronary circulation and the tunction ot the
vestibular analyzer. normalizes the bioelectri-
cal activity ol the bram, reduces the noise n
the cars.

Cavinton (Vinpocetine) 1 t. 3 times a day
for 3-4 weeks or i/v in the slow drip in
physiological solution 2,0 or 4.0 at 200,0
ang solution Ne. 5-7.

Vascular disorders, obstruction ot the venous
outflow

Cavinton expands the blood vessels of the
brain, enhances its arculation, first and fore-
most. improves venous outilow. imiproves the
supply of oxygen to the brain. contributing
o its mterstitial tansport, but also causes an
increase 1 the content of catecholamines in
tisstes ol the brain and the metabolisim of its
structures, enhances the absorption and uti-
lization of glucose and oxygen brain tissue
Cavinton improves theological properties of
blood, reduces systemie artertal pressure, has
an antioxidant effect. increases the resistance
of neurons 1o hypoxua, have a ucluuplnlx‘dl\f
effect. Etiective in obstruction of cerebral ve-
nous outllow, dizziness, autonomic symploms
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Sermion (nicergolimumy 10 me 11 3
tmes a day for 3-4 weeks

Fndoanral — ultraphonophoresis with
streptokinase, fragmen or traksiparinom
Ne 10 on the affected em

Fhe mtensity of ultrasonic oscillations
in the practice ol treatment s usually
0.2

minutes. a cowrse ol 10-12 procedures.

0.4 Woem2, an exposure time ol §
|

Phonophoresis can be applicd topically
(on cerastone peri-car icgion) and endo-
aural using special cmitters.

Serimon improves both cerebral and peripheral
circulation, reduces the tone of cerebral and pe-
ripheral vessels, reduces systemic arterial pres-
sure. reduces cerebro-vessel resistance, inhibit
the aggregation of trombocites. Sermion acti-
vates mctabolism in the brain, has a stabiliz-
ing cllcct on the activity of the central nervous
system, improves cognitive function. It has
nootropic and neuroprotective effect, improves

trophic tissues, promotes energy metabolism.

Ihis method is very effective in the acute
phase. and in the progression of SHL. Thanks
UFF medicines penetrate deep into tissue and
provides a high concentration approximate to
structures ol the auditory analyzer. These drugs
improve blood circulation in the small diame-
ter vessels that feed the inner car. In addition
there is a private direct influence of the phys-
ical method. which improves microcirculation
and tissue trophism in a selected area.

ATP 1.0 0r 2.0 1'v No [0-20
1.0 m normal and reduced AP,
The 2.0 - clevated AP

The metabolic influence of vascular action
ATP (adenosine triphosphate) is a part of the
human body and animals, is involved in many
metabolic processes. It provides a strong and
long-lasting decrease of vascular tone, increas-
es cercbral and coronary circulation, increases
blood circulation in the vesscls of the inner car.
It is a universal carrier and a source of energy
nceessary for cellular metabolism.

Sedatives (drugs Valerian, mint. lemon
balm. Passiflora, hops cte.) It is im-
portant to assign a rate not less than 3-4
weeks

[n the carly stages mav be appropriate
stbazon of 0.5% to 2.0 i'm: dazepam
0.002 tab. 2
these drugs can be presenbed by a neu-
rologist

times a dav. In the future

Shown in almost every case. when need for
more elfective special drugs are prescribed by
the neuropsychiatrist.

Mildronate (Mclidoni)
Injection 1'mor i'n S-10. or capsules
250-500mg 10-14 days

Can cause changes of blood pressure of-

ten reduced one. increase heart rate!

The drug is well established in cases of exhaus-
tion (physical and emotional), increases the
body's ability to withstand significant loads.




Vitamin C (as ascorbic acid) 5% 2,0

i/m Ne 10-20, i/v drip in 5% 200,0Ne. 3-5
or in bolus at 20,0 40% glucose solution
Ne 5-10 (subject to normal blood sugar
levels)

Ias as a general tonie as desintocicative elfect.
Also improves clasticity ol the vascular wall,
is elfective ina low tone, atonie state of the
vessels and reduced AP

Drugs that normalize the AP

It is important to maintain normal levels not
only in hypertension, but also hypotension and
in patients with instable AP, VSD

Kokarnyt i/m Ne. 3-5 day. Requires a
clear definition of indications!

Short course (maximum 6 times) at the
beginning of inpatient treatment accord-
ing to indications. Eftective in the first
3 months after acoustic trauma (repeated
acoustic trauma)

Contraidicated in patients with spasm of the
cerebral vessels, a significant mercase in their
tone; in acute pertod of SBT. Has antioxidant
cffect, ant-hypoxic action. promotes the nor-
malization and activauon ot metabolic and
energy processes in issues, stimulates regencer-
ation processes. improves trophic properties of
nervous tissue, increases tolerance to physical

SUress.

Antispasmodic drugs (it there is much
spasm and increased tone of cercbral
vessels).

Papaverine 2% 2,0 i/m Ne 3-7 (up to 10)

As, unlike the SHL of another ongin, i large
parts of alfected i the zone of combat actions
with acoustic trauma takes place the decrease
in the tonus of cercbral vessels. often on the
background of low AP, atonic curve. without
examination and confirmation of the presence
of spasm or increase ot tone, this item s not
used. Also it there is a nisk of bleedimg drugs
that widen the vessels are contramdicated.

Actovegin 2,.0 i/m Ne 5-15
May cause allergic reactions!
introduced slowly.

Can be preseribed in the acate penod. includ-
ing SBT. and with the planned treatment. Tim-
proves trophic of affected tissues. has a per-
meability to the centies of aschemia. While
asing Actovegin can be compensated the Tack
of blood fiow and metabolism of nerve cells. Tt
increases the access and utithization of oxygen,

improves the transport and use ol glucose

Hyperbaric oxygenation 5-10 sessions of
40 minutes

There is a posiive apphcation experience
Adaptogenie cltect. tommg clfecton metabohe
processes: repulatory imflucnce on the CNS

p;u'lluulau deep bram stractures
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