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Acoustic barotrauma (ABT) has gained particular relevance in recent decades due to the increasing impact of
technogenic and military factors associated with blast wave exposure. Acoustic barotrauma is considered a complex
of functional and morphological disturbances affecting the auditory organ, vestibular apparatus, and central neu-
ronal structures, arising as a result of abrupt fluctuations in atmospheric or hydrostatic pressure, exposure to blast
shock waves, as well as intense impulsive or prolonged high-intensity noise. Pain syndrome in ABT, particularly in
combat conditions, is often characterized by a prolonged course with a tendency toward chronicity and the develop-
ment of a neuropathic component.

Gabapentin and pregabalin are structural analogs of y-aminobutyric acid (GABA) that exhibit high affinity for the
a26-1 subunit of voltage-gated calcium channels. Their pharmacological action involves reducing the presynaptic
release of excitatory neurotransmitters, including glutamate, substance P, and norepinephrine, thereby suppressing
both peripheral and central sensitization. In the context of acoustic barotrauma, these agents are of particular im-
portance, as they are capable of reducing pathological neuronal activity in the dorsal cochlear nucleus and auditory
brainstem structures, which is associated not only with pain development but also with manifestations such as tin-
nitus and hyperacusis.

Another important class of agents used in the treatment of neuropathic pain is antidepressants. Their analgesic
effect is mediated through modulation of descending antinociceptive pathways, which originate in cortical and sub-
cortical regions of the brain and are mediated via the periaqueductal gray and raphe nuclei. Activation of serotoner-
gic and noradrenergic neurons leads to increased concentrations of these neurotransmitters in the dorsal horn of the
spinal cord, where they inhibit the transmission of ascending nociceptive signals.

Key words: acoustic barotrauma, blast wave, pathogenetic aspects, pain syndrome, analgesic therapy, combi-
nation therapy, adjuvant analgesics.
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due to asymmetric military conflicts and the widespread
use of improvised explosive devices. During the First Per-
sian Gulf War, up to 75% of combat casualties were as-
sociated with blast wave exposure [1, 2]. In subsequent
conflicts, particularly in Iraq during Operation lIraqi
Freedom, barotrauma of the head and sensory organs
became dominant components of the injury structure;
according to epidemiological studies, such injuries were
recorded in nearly half of individuals exposed to explo-
sions (up to 47%) [3].

One of the most vulnerable structures to blast wave
exposure is the auditory system, which is explained by
the anatomical and physiological features of the middle
and inner ear, as well as the high sensitivity of cochle-
ar hair cells to mechanical and metabolic stressors [4].
Acoustic barotrauma is considered a complex of func-
tional and structural damage to the auditory organ,
vestibular apparatus, and central neuronal structures
caused by abrupt changes in atmospheric or hydrostatic
pressure, blast shock waves, as well as intense impulsive
or prolonged high-intensity noise exposure [5].

In modern conditions of full-scale combat opera-
tions, acoustic barotrauma is rarely an isolated injury. In
the majority of cases, it is combined with mild or moder-
ate traumatic brain injury (TBI), blast-induced neurotrau-
ma (blast-induced TBI), vestibular disorders, autonomic
dysfunction, neuropsychiatric disturbances, and chronic
pain syndrome, which determines its multidisciplinary
nature [6, 7]. In this context, damage to the auditory
system should be considered not only as a local sensory
deficit but also as a marker of diffuse neuronal injury.

The aim of the study.

To summarize evidence-based data on the pathoge-
netic mechanisms underlying acoustic barotrauma and
to optimize pain management strategies following blast
wave exposure.

Object and research methods.

The study is of a review-analytical nature and is
based on a systematic analysis of scientific sources, clin-
ical guidelines, and evidence-based research findings
addressing the clinical manifestations and treatment
approaches in acoustic barotrauma. Information retriev-
al was performed using the PubMed, Scopus, Web of
Science, and Cochrane Library databases, as well as na-
tional resources such as the National Medical Library of
Ukraine and electronic archives of leading medical uni-
versities. Particular attention was given to studies evalu-
ating the efficacy, safety, and emerging directions in the
pharmacotherapy of opioid dependence.

The methodological framework of the study includ-
ed: an analytical method for critical synthesis of current
data on acoustic barotrauma; a comparative method for
evaluating the effectiveness of mono- and combination
analgesic therapies; and a systems-based approach for
integrating pharmacological, clinical, and social aspects
of acoustic barotrauma management and presenting the
results in the form of summary tables and conclusions.

The reliability of analytical conclusions was ensured
by selecting sources with a high level of evidence (levels
A-B) according to the criteria of the Oxford Centre for
Evidence-Based Medicine [8-10].

Main part.

Pain syndrome is one of the leading and most clini-
cally significant manifestations of acoustic barotrauma,
developing as a result of the combined effects of me-
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Figure — Schematic representation of pain pathogenesis
in acoustic barotrauma.

chanical damage to peripheral structures of the auditory
analyzer, ischemic-inflammatory changes, and dysfunc-
tion of central nociceptive and antinociceptive systems
(fig.). In military personnel, particularly under combat
conditions, pain often acquires a prolonged course with
a tendency toward chronicity and the development of a
neuropathic component.

The primary mechanism underlying pain develop-
ment in acoustic barotrauma is mechanical damage to
the structures of the middle and inner ear caused by
excessive acoustic energy and abrupt pressure chang-
es. The acoustic blast wave leads to deformation of the
tympanic membrane and, in severe cases, its rupture,
as well as disruption of the integrity and mobility of the
auditory ossicles, resulting in direct activation of mecha-
nosensitive nociceptors localized in the tympanic mem-
brane and the mucosa of the tympanic cavity [11].

Activation of peripheral nociceptors is accompanied
by intense afferent signaling via the sensory branches
of the trigeminal (V), glossopharyngeal (IX), and vagus
(X) cranial nerves, which innervate the structures of the
middle ear, the auditory tube, and adjacent regions of
the temporal bone [12]. This mechanism underlies the
development of acute somatic pain, clinically manifest-
ed by sharp ear pain. At the level of the inner ear, a key
role in pain generation is played by microtrauma to inner
and outer hair cells, rupture of labyrinthine membranes,
and disruption of ionic homeostasis of the endolymph
and perilymph [13, 14]. Massive release of potassium
ions from the endolymphatic space, as well as excessive
exocytosis of excitatory neurotransmitters, primarily glu-
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tamate, leads to excitotoxicity, damage to afferent syn-
apses, and secondary activation of nociceptive pathways
[15, 16].

Damage to the vestibulocochlear nerve (cranial
nerve VIII) and its central projections is associated with
the development of a neuropathic component of pain,
often combined with tinnitus, vertigo, and autonomic
disturbances [17, 18]. Experimental and clinical studies
demonstrate that acoustic trauma induces hyperactivi-
ty of neurons in the dorsal cochlear nucleus and other
brainstem structures, contributing to the persistence of
pathological signaling even in the absence of ongoing
peripheral stimulation [19].

An important role is also played by damage to the
microcirculatory vasculature, particularly in the mucosa
of the middle ear and the spiral ligament of the cochlea.
Microhemorrhages, edema, and ischemia contribute to
the release of inflammatory mediators (prostaglandins,
bradykinin, substance P), which lower the activation
threshold of nociceptive endings [20]. As a result, pe-
ripheral sensitization develops, clinically manifesting as
intense, sometimes pulsating ear pain or radiation to the
temporal, occipital, or mandibular regions.

At the level of the central nervous system, prolonged
afferent nociceptive input leads to increased excitabili-
ty of neurons in the spinal trigeminal nucleus, reticular
formation, and thalamocortical structures [21]. These
changes are associated with the development of central
sensitization, clinically manifested by hyperalgesia, allo-
dynia, and a tendency toward chronic pain.

These processes acquire particular clinical signifi-
cance in military personnel, in whom pain is often com-
bined with tinnitus, hyperacusis, vestibular disorders,
and post-traumatic stress reactions [22]. Available data
indicate that psychoemotional stress and sleep distur-
bances are independent factors that enhance central
hyperexcitability and contribute to pain chronicity [23].
Under such conditions, pain in acoustic barotrauma ac-
quires features of a complex neuropathic and central
pain syndrome [24], requiring pathogenetically justified,
stepwise, and multimodal treatment.

In this context, conventional baseline analgesics, in-
cluding nonsteroidal anti-inflammatory drugs (NSAIDs),
have limited efficacy. They primarily target peripheral
inflammatory mechanisms and insufficiently modu-
late neuronal hyperactivity in auditory and nociceptive

Table - First-line pharmacological agents for the treatment
of neuropathic pain in acoustic barotrauma

pathways of the central nervous system [25], which ne-
cessitates the use of agents aimed at modifying neuro-
nal excitability and sensitization processes. Therefore,
multimodal analgesia with early incorporation of adju-
vant analgesics is of primary importance. According to
current international guidelines, tricyclic antidepres-
sants (TCAs), serotonin-norepinephrine reuptake inhib-
itors (SNRIs), and anticonvulsants (ACs) are considered
first-line agents for the treatment of neuropathic pain
regardless of etiology, provided there is moderate to
high-quality evidence [26, 27] (table).

Experimental and clinical studies demonstrate that
damage to nerve fibers, including in acoustic barotrau-
ma, is associated with increased expression of a26-1
subunits of voltage-gated calcium channels in presyn-
aptic neurons. Activation of these structures leads to
enhanced release of excitatory neurotransmitters and
maintenance of pathological neuronal hyperexcitabili-
ty. Increased binding of GABA to a26-1 subunits of Ca?*
channels results in suppression of excitatory neurotrans-
mitter release into the synaptic cleft and, consequent-
ly, interruption of ascending nociceptive transmission,
which clinically manifests as a reduction in pain intensity.

Gabapentin and pregabalin, structural analogs of
GABA, exhibit high affinity for the a26-1 subunit of calci-
um channels. Their mechanism of action involves reduc-
ing presynaptic release of glutamate, substance P, and
norepinephrine, leading to suppression of both periph-
eral and central sensitization. In the context of acoustic
barotrauma, these agents are of particular importance,
as they reduce pathological neuronal activity in the dor-
sal cochlear nucleus and auditory brainstem pathways,
which is associated not only with pain but also with tin-
nitus and hyperacusis [28]. Clinically, this is manifested
by a reduction in burning or shooting pain, decreased
subjective loudness of tinnitus, and improvement in
sleep quality and overall emotional state.

Gabapentin therapy is typically initiated at a dose of
300 mg/day with gradual titration to 900-1800 mg. In
military personnel, slow titration is advisable, taking into
account the risk of sedation and impaired coordination.

Pregabalin is a more selective and pharmacokinet-
ically predictable analog of gabapentin. Its advantages
include a faster onset of action, lower interindividual
variability in plasma concentrations, and a pronounced
anxiolytic effect, which is particularly important under
combat stress conditions. The drug
is indicated for severe neuropath-

Drug class Representative

Primary mechanism of

ic pain, especially when combined
with anxiety disorders and sleep
disturbances. Standard doses are

Clinical indications

75-150 mg twice daily [29].
According to Cochrane sys-
tematic reviews, strong evidence

agents action in ABT
Blockade of 26-1 subunits| . .
24 . Neuropathic pain,
. of Ca?* channels; reduced S
Gabapentin tinnitus, central
release of glutamate and N
<ubstance P sensitization
Anticonvulsants (ACs) -
Severe neuropathic
Pregabalin Similar to gabapentin, with| pain, associated

a faster onset of action

for efficacy in neuropathic pain is
available specifically for gabapen-

anxiety, and sleep | tin and pregabalin, whereas other

disturbances

Tricyclic antidepressants

(TCAs) nortriptyline

Inhibition of serotonin

Amitriptyline, (5-HT) and norepinephrine|depressive features

(NE) reuptake; blockade of
Na* and NMDA channels

anticonvulsants (carbamazepine,
lamotrigine, topiramate) demon-
strate limited or inconsistent effi-
cacy and a less favorable tolerabil-

Chronic pain with

or sleep distur-
bances

Duloxetine,
venlafaxine

Serotonin-norepinephrine
reuptake inhibitors (SNRIs)

Activation of descending
antinociceptive pathways

ity profile.

Another key class of agents for
the treatment of neuropathic pain
is antidepressants. Their analgesic

Central neuropathig

pain (better tolera-

bility compared to
TCAs)
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effect is associated with modulation of descending an-
tinociceptive pathways originating in cortical and sub-
cortical structures and mediated via the periaqueductal
gray and raphe nuclei. Activation of serotonergic and
noradrenergic neurons increases the concentration of
these neurotransmitters in the dorsal horn of the spinal
cord, where they inhibit the transmission of ascending
pain impulses. Tricyclic antidepressants and SNRIs exert
their effect by inhibiting the reuptake of serotonin and
norepinephrine in synapses, thereby enhancing de-
scending pain modulation. In patients with acoustic
barotrauma, these mechanisms are of particular clinical
relevance, as they allow targeting central components of
pain that contribute to its chronicity [30].

The TCA group includes amitriptyline, nortriptyline,
desipramine, doxepin, and clomipramine. These agents
are the most extensively studied in the context of neu-
ropathic pain, and their analgesic properties have been
supported by studies since the 1960s. Amitriptyline
is traditionally considered the “gold standard” for the
treatment of chronic neuropathic pain. Its analgesic ef-
fect is mediated by inhibition of serotonin and norepi-
nephrine reuptake, resulting in potentiation of descend-
ing antinociceptive pathways. Additionally, the drug
blocks sodium channels and NMDA receptors, reducing
central hyperexcitability [31]. However, the use of ami-
triptyline and other TCAs as adjuvant analgesics is limit-
ed by their anticholinergic side effects (dry mouth, visual
disturbances, constipation, orthostatic hypotension, and
risk of cognitive dysfunction).

Serotonin-norepinephrine reuptake inhibitors, par-
ticularly duloxetine and venlafaxine, are considered a
safer alternative to TCAs. They demonstrate comparable
or superior efficacy in reducing neuropathic pain, with
better tolerability and minimal impact on cognitive func-
tion [32]. Importantly, the analgesic effect of SNRIs de-
velops significantly earlier than their antidepressant ef-
fect, which is of practical importance in clinical settings.

It should be noted that not all antidepressants are
effective in neuropathic pain. Selective serotonin re-
uptake inhibitors, such as fluoxetine and sertraline, do
not sufficiently influence noradrenergic transmission in
the dorsal horn of the spinal cord, which explains their
low analgesic efficacy. In contrast, TCAs and SNRIs are
particularly valuable in patients with combined chronic
pain and depressive or anxiety disorders, although their
analgesic efficacy is maintained even in the absence of
comorbid psychopathology [33].

As an adjunct to systemic therapy in localized forms
of neuropathic pain, topical agents such as lidocaine

DOI 10.29254/2077-4214-2026-1-180-122-131
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and capsaicin are used. Topical lidocaine preparations
reduce ectopic activity of damaged nerve fibers by
blocking sodium channels. High-concentration capsaicin
patches (8%) induce prolonged desensitization of TRPV1
receptors; however, their use requires medical supervi-
sion due to the risk of intense local burning and discom-
fort [34].

Glucocorticoids, although not classical analgesics,
play an important adjuvant role in the acute phase of
acoustic barotrauma. Their anti-inflammatory and
membrane-stabilizing effects contribute to reduction
of cochlear edema, attenuation of neuroinflammation,
stabilization of the blood-labyrinth barrier, and indirect
reduction of pain intensity.

NMDA receptor antagonists, particularly ketamine
at subanesthetic doses, are considered a reserve option
in refractory pain syndromes. Experimental and clinical
data indicate that NMDA receptor blockade effectively
interrupts central sensitization processes and prevents
the formation of “pain memory” [35].

From a neurophysiological perspective, non-pharma-
cological and neuromodulatory approaches also play an
important role in pain management, particularly those
aimed at modulating central sensitization, including
transcranial magnetic stimulation, cognitive behavioral
therapy, and biofeedback techniques. In military popu-
lations, these approaches are particularly relevant for
reducing the impact of stress-related factors on pain in-
tensity.

Conclusions.

Analysis of contemporary literature indicates that
pain syndrome in acoustic barotrauma has a multilevel
pathogenesis with a predominant role of neuropathic
mechanisms. Effective treatment requires early imple-
mentation of multimodal analgesia with mandatory in-
clusion of adjuvant analgesics targeting both peripheral
and central sensitization, while the choice of a specific
agent should be based on the clinical pain phenotype,
comorbid psychoemotional disorders, and safety pro-
file. Such an approach allows not only reduction of pain
intensity but also prevention of its chronicity, which is
critically important for maintaining functional status and
operational readiness in military personnel.

Prospects for further research.

A promising direction is the implementation of per-
sonalized pain management strategies in acoustic baro-
trauma, taking into account the psychoemotional as-
sessment of the patient’s condition following blast wave
exposure.

EO/IbOBUA CUHAPOM MPU BUBYXOBINA BAPOTPABMI: MATO®I310/10TYHI
MEXAHI3MWU, KNIHIYHI XAPAKTEPUCTUKHN, NPUHLUUMNU NIKYBAHHA

[OHiNpoBCbKMiA aeprKaBHUI MeauuHUit yHiBepcuTteT (M. [Hinpo, YKpaiHa)

olgamakarenko977 @gmail.com

AkycmuyHa 6apompasma (akybapompasma, ABT) npomszom ocmaHHix decamunime Habyna ocobausoi
aKmyanbHocmi 'y 38’A3Ky 3i 3pOCMAHHAM MexHO2eHHUX i 8ilicokosux hakmopis, No8’A3aHUX i3 8rnaUBOM 8Ubyx080i
xeusi. Akybapompasmy po32140a0ome K KOMIAEKC yHKYIOHAAbHUX | MOPOA02iYHUX MOPYUEeHb 0peaHa Cyxy,
secmubynapHo20 anapamy ma yeHmpasabHUX HelipOHHUX CMPYKMYyp, W0 8UHUKAOMb YHACAIOOK Pi3KUX KOAUBAHb
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ammocghepHo2o abo 2idpocmamuyHo20 MUcky, 0ii yoapHoi 8ubyxo8oi xgusi, @ MAKOX IHMEHCUBHOR20 iMy1bCHO20
Yu mpueasoz20 Wymo8020 HABAHMAM(EHHA BUCOKOI iHmeHcusHocmi. bonvosuli cuHopom npu ABT, ocobnugo
8 ymosax boliosux 0ili, HePiOKO xapakmepu3yemMbca 3amAXCHUM nepebicom i3 meHOeHyieto 0o xpoHidayii ma
opmysaHHA Heliponamu4YyHO20 KOMMOHeHMa.

lfabaneHmuH i npe2abaniH — cmMpyKkmMypHi aHano2u y-amiHomacaaHoi Kucaomu (TAMK), aki maromes eucoky
criopidHeHicmb 00 a28-1 cyb0OUHUUI MOMeHUian3anexHUX Kanbuicsux KaHanis. Ix papmakonoziuHa dia nonszae
Y 3HUMCEHHI MpecuHanMu4YHo20 8usinbHeHHA 36y0xcysasnbHUX mMediamopis, 30kpema enymamamy, cybcmaryii P
ma HopadpeHaniHy, Wo CrpusA€e NpU2HiYeHHIO AK nepugepuyHoi, makK i yeHmpansbHoi ceHcumu3ayii. ¥ KoHmekcmi
aKycmuyHoi bapompasmu ui npenapamu Habysarwme 0cobau8020 3HAYEHHS, OCKifbKU 30aMHi 3meHwysamu
namosozivyHy HelipoHAsIbHY KMUBHICMb y 00PCAbHOMY KOXAeapHOMY A0pi ma Cryxosux cmpykmypax cmosbypa
MO3KY, W0 o8’a3aHO He aAuwe 3 po38umKom 6071608020 CUHOPOMY, ane U i3 maKumMu nposasamu, AK muHimyc i
einepakysisa.

IHWwoto 8axIuBOIO 2pynot npenapamis, Wo 3acmocosyromecs 044 AiKy8aHHA Heliponamu4yHozo 60k, €
aHmudenpecaHmu. Ix aHanzemuy4Hul ehekm 3ymoeneHuli 8MAUSOM HA HU3XIOHI GHMUHOUUUENMUSHI cucmemu, AKi
opmyromoeca 8 KOPKOBUX | MIOKOPKOBUX 8i00inax 20/108HO20 MO3KY Ma peasnizyromocs Yepe3 nepiakeedykmassHy
cipy peyosuHy U A0pa wea. AKmusauyis cepomoHiHepaiuHuX i HopadpeHepaiyHUXx HelipoHie cripuse niosuwWeHHo
KoHUeHmpauii 8ionosioHux Helipomediamopis y O0opcanbHOMY pPo3i CUHHO20 MO3KY, 0e B0HU MpuUzHiYytomeo

nepedauy sUCXiOHUX HOUUUenmusHUX CuzHasis.

Knawwuoei cnoea: axkybapompasma, eubyxoea Xxsuss, namo2eHemuy4Hi acnekmu, 60ab08uli CUHOPOM,
3HebosoYa mepanis, KOMbiHoO8aHa mepanis, ad’r8aHMHI 3HeboroYi 3acobu.

3B8’A30K ny6niKauii 3 nn1aHOBMMM HAayKOBO-A0CNIA-
HUMMK poboTamu.

HaykoBa poboTa BMKOHaHa 3rigHo naaHy Kadeppu
coUjanbHOI MeAUUMHU, TPOMALCbKOro 340poB’'A Ta
yMpaBAiHHA OXOpOHOK 340p0B’A [HiNpPoBCbKOrO Aep-
YKaBHOTO MeAMYHOrO yHiBepcuTeTy Ha Temy: «Haykose
O6rpyHTYBaHHA cTpaTeriii 36epekeHHA Ta BiLHOBNEHHA
rPOMaZCbKOro 340p0B’s Yepes BM/ANB Ha AeTepMiHaH-
T edeKTUBHOCTI CUCTEMU OXOPOHU 3[0POB’A», HOMepP
AeprKaBHOI peecTpauii 0123U104849.

Bcryn.

HanpukiHui XX — Ha noyaTky XXI cTtonitta npobnema
BMOYXOBUX YLLUKOAKEHb Habyna 0cob6aMBOI aKTyaIbHOCTI
y 3B’A3KY 3 aCUMETPUYHUMM BiINCbKOBUMMU KOHOAIKTaMM
Ta LWMPOKMM 3aCTOCYBaHHAM CaMOpPObBHUX BUOYXOBUX
npuctpois. MMig Yac nepLwoi BiMHKM B MNepcbKiit 3aToui A0
75% 601i0BMX BTpaAT by/n0 NoB’si3aHO came 3 Ajeto BUbY-
x0Boi xBWAi [1, 2]. Y noganblumx KOHOANIKTax, 30Kpema B
Ipaky B xoa4i BilicbkoBOi onepauii Operation Iraqi Free-
dom, 6apoTpaBMM ro/I0BM Ta OPraHiB YyTTA CTaAN AOMI-
HYIOUMMM KOMMOHEHTaMM CTPYKTYpPU NOpaHeHb; 3a Aa-
HUMM enigemMioNoriyHnX JOCNIAKEHD, TaKi YLIWKOOKEHHA
PEECTPYBANNCA MaKe Y NOMOBUHU NOCTPANXKAANMX Bif,
BMbYxXYy (80 47%) [3].

OpaHieto 3 HaWbinbw BPasNMBUX CTPYKTYp [0 BU-
6yX0BOi XBWJIi € OPraH CAyXy, WO MOACHIOETLCA aHATO-
mo-disionoriyHMMmn  ocobanBoOCTAMKW CepefHboro Ta
BHYTPILWHbOrO ByXa, @ TaKOX BUCOKOK YYT/IUBICTIO BO-
JNIOCKOBMX KAITUH 3aBUTKM A0 MeXaHiYHWUX i meTaboniu-
Hux cTpecopis [4]. AKybapoTpaBma PO3MIALAETHCA fAK
KOMMIEKC QYHKLiOHANbHUX i CTPYKTYPHUX YLIKOAMKEHb
OpraHy cnyxy, BECTMOYNAPHOro anapaTy Ta LEHTPAIbHUX
HENPOHHUX CTPYKTYP, CMPUYUHEHUX BMJIMBOM Pi3KMX
nepenagis atmocdepHoro abo rigpocTaTUYHOrO TUCKY,
yAapHoi BUBYXOBOi XBWi, @ TAKOXK iIHTEHCUBHOTO iMMY/b-
CHoro abo TPUBAOro Wymy BUCOKOI ry4HocTi [5].

B cyyacHMX ymoBax NOBHOMacLITabHUX 6onMoBumx Ail
aKyCTMYHa 6apoTpaBMa PigKO € i30/1bOBAHUM YparKeH-
HAM. Y nepeBakHil 6inblWoCTi BUNaaKiB BOHa MOEAHY-
€TbCA 3 Jfierkoto abo NOMIpHOK YepemnHo-MO3KOBO
TpaBMoto, BUBYXoBO HelpoTpasmoto (blast-induced
TBI, Traumatic Brain Injury), BecTUBYNAPHUMM NOPYLLEH-
HAMM, BEreTaTMBHOK AMCOYHKLiED, NCUXOHEBPO/IOriY-

HUMM PO3/1aaMm Ta XPOHIYHUM 6ONBOBMM CUHAPOMOM,
O 3YMOBJ/IOE ii MyAbTUANCUMNAIHAPHUI xapaKTep [6,
7]. Y UbOMY KOHTEKCTi ypaxKeHHA C/lyXOBOTO aHasi3aTo-
pa cnifg, po3rnafaTv He ivie AK NOKAJIbHUI CEHCOPHUIA
nediumt, ane i AK mapkep aMdy3HOro HeMpPoHaNbHOro
YLWKOAMKEHHA

MerTa gocnigeHHs.

Y3aranbHeHHA A0Ka30BMX AaHUX NPO NATOreHeTUYHi
NIaHKKW PO3BUTKY akybapoTpaBmMu Ta ONTMMI3aLii NpoTuH-
601b0B0I Tepanii nicna Bnavey BUByxoBOi XBUAI.

O6’eKT i meTOAM AOCNIAXKEHHSA.

JocnifKeHHA Ma€e ornagoBO-aHaNITUYHMIA  Xapak-
Tep i 6a3yeTbCA HA CUCTEMATUYHOMY aHani3i HayKoBMX
OyKepes, KNiHIYHMX peKoMeHZalin Ta pe3y/bTaTiB AoKa-
30BMX OCAIAXKEHD, NMPUCBAYEHUX KAIHIYHOI KapTUHKU Ta
niaxoA4iB NiKyBaHHA Npu akybapoTpasmi. Mowyk iHbop-
MaLii 3ailicHoBaBca y 6asax gaHux PubMed, Scopus,
Web of Science, Cochrane Library, a TakoX y Takux
HauioHanbHUX pecypcax AK HauioHanbHa megmuHa 6i-
6nioTeKa YKpaiHM Ta eNeKTPOHHI apxiBu NPOBIAHUX Me-
AnyHnx Buwis. Ocobamnea yBara npuainanaca poboram,
Y AKUX po3rnaganmca epekTUBHICTb, 6e3MeyHicTb i HOBI
HaNpPAMKKN PO3BUTKY dapmakoTepanii onioigHoi 3anex-
HOCTI.

MeTomonoriyHa OCHOBa [AOCNIAXEHHA CKaagana:
aHaANITUYHUIA MeTom, AN KPUTUYHOIO Yy3arasibHEHHA
Cy4aCHUX AaHMX Npo aKybapoTpaBmy; MOPIBHAAbHUI
MeTo/, AN1A 3icTaBNeHHA ePeKTUBHOCTI MOHO- Ta KOMbi-
HoBaHoOI 3HebontoYOI Tepanii; cuctemHuid niaxia, ana
iHTerpauii dapmMaKoNoriYHMX, KAIHIYHMX | couianbHUX
acnekTiB NiKkyBaHHA akybapoTpaBMKU ANA NpeacTaBieH-
HA pe3ynbTaTiB y BUMNALI y3aranbHOBaNAbHUX Tabaunup i
BMCHOBKIB.

JocCToBipHiCTb aHaNITUYHMX BUCHOBKIB 3abe3nevyBa-
naca Wwnaxom Bigbopy AxKepen i3 BUCOKMM piBHEM [0-
Ka30BoCTi (piBeHb A0Ka3iB A-B) BianosiaHo A0 KpuTepiis
Oxford Centre for Evidence-Based Medicine [8-10].

OCHOBHa YacTuHa.

BonboBUI CUHAPOM € OAHWUM i3 MPOBIAHUX | HaMl-
Ginbll KAIHIYHO 3HAYyLWMX MPOABIB aKyCTUYHOI ba-
pOTPaBMU, AKWIN POPMYETbCA BHACAILOK MOEAHAHHA
MEXAHIYHOTO YLIKOAMKEHHS nepudepudHmnx CTPYKTYP
CNYXOBOrO aHanisaTopa, ilemiyHO-3amanbHUX 3MiH, a
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TAKOXK AMCOYHKLiT LeHTPaNbHUX HOLMLENTUBHUX | aH-
TUHOUMUENTUBHUX cucTem (puc.). Y BilicbkoBocny»608-
uis, 0cob6a1Bo B ymoBax 60110BUX Aiin, 6inb YacTo Haby-
BA€E 3aTAXKHOIo nepebiry 3 TEHAEHLIE A0 XPOHi3auii Ta
bopMyBaHHSA HelpPONaTUYHOrO KOMMOHEHTA.

MepBMHHOI NAHKO PO3BUTKY 600 NPU aKyCTMY-
Hii GapoTpaBMi € MexaHiuHe YLKOAMKEHHA CTPYKTyp
cepefHbOro Ta BHYTPILHbOrO Byxa Mif, Ai€l0 HagULLKO-
BOI 3BYKOBOI eHeprii Ta pi3Koro nepenaay TUCKy. YoapHa
aKYyCTMYHA XBWUAA CNpUYNHAE aedopmaLiito bapabaHHOI
NepeTMHKK, @ B TAXKKMX BUMAZKax — ii pO3pUB, a TaKOXK
NOpPYLUEHHA LLiNICHOCTI Ta PYXOMOCTI C/IyXOBUX KiCTOYOK,
Lo NpM3BOANTb A0 BesnocepeaHbOi akTUBaLLii mexaHo-
YYTNIMBMX HOLMUENTOPIB, NOKaNi3oBaHWUX y 6apabaHHii
nepeTuHLi Ta c/M30Bili 06010HLi 6apabaHHOI NOPOXKHK-
Hu [11].

AKTUBaUia nepudeprUyHUX HOUMLENTOPIB CYMNpOBO-
OXKYETbCA iHTEHCMBHO adepeHTHO iMNybcaLlielo no
YyTAMBMX FinKax TpiyacToro (V), ssmkornotkosoro (IX)
Ta b6ykatouoro (X) YepenHux HepBiB, AKi 3abe3neyyoTb
iHHepBaLLilo CTPYKTYp cepeHbOro Byxa, C/1yXoBOi Tpy6u
Ta NPUIErNUX AiNAHOK CKPOHEBOI KicTKu [12]. Came uel
MEXaHi3M NIeXXWUTb B OCHOBI $OPMYyBAHHA FOCTPOro CO-
MaTMYHOro 6010, WO KAIHIYHO MPOABAAETLCA PI3KUM
6onem y Byci, Ha piBHi BHYTPiLWHbOrO ByXa K/HO4YOBY
ponb y popmyBaHHi 60/1bOBOro CUHAPOMY Bifirpae mi-
KPOTPaBMaTU3aLLiA BHYTPILIHIX Ta 30BHILIHIX BONOCKO-
BUX KNITUH, pO3pMB MembpaH N1abipMHTY Ta NOPYLUEHHA
iOHHOro romeocrtasy eHao- i nepunimou [13, 14]. Ma-
CMBHE BUBI/IbHEHHSA iOHIB Kanito 3 eHAonimdatMyHoro
NPOCTOPY, @ TAaKOX HAAMIPHUIA eK30UMTO3 30YAKYHUMX
HelipomeaiaTopis, Hacamnepes, ryTamaTy, NpM3BOAATb
[0 PO3BUTKY EKCAMTOTOKCUMYHOCTI, YLIKOAMKEHHA ade-
PEHTHUX CMHANCIB Ta BTOPUHHOI aKTMBALLii HOLMLEeNTUB-
HUX wnaxis [15, 16].

YparkeHHss npuciHKkoBo-3aBUTKoBoro Hepea (VI
napa) Ta MOro LEeHTPaabHUX NPOEKLiA CynpOBOAXKYETb-
¢ GopMyBaHHAM HEMpPONaTUYHOro KOMMOHeHTa 6onto,
AKMIM 4aCTO MOEAHYETbCA 3 TUHITYCOM, 3anamMopoyeH-
HAM Ta BeretaTMBHMMMK po3nagamu [17, 18]. Ekcnepu-
MEHTa/IbHI Ta KNIHIYHI OCNIOXKEHHA AeMOHCTPYIOTh, WO
nicaA akyCTUYHOT TPaBMMW BUHWMKAE FiNepaKTUBHICTb HEW-
POHIB LOPCANIbHOIO KOX/IEAPHOTO AZpa Ta iHLWMX CTPYK-
Typ ctoBbypa MO3Ky, WO CNpUAE NepcucTeHLii natono-
riYHOI iMmnynbcauii HaBiTb 3a BiACYTHOCTI NMOAANbLIOTO
nepudepuyHoro nogpasHeHHa [19].

Baxnuey ponb Bifirpa€ yWKOAMKEHHA CYANUH MIKPO-
LMPKYNATOPHOIO pyc/ia, 30Kpema B obnacTi can3oBoi
060/10HKM cepenHbOro Byxa Ta CripanbHOi 3B’A3KM 3a-
BUTKM. MiKpOKPOBOBUAUBK, HABPAK i iluemis cnpuaAoTb
BMBINIbHEHHIO MeZiaTopiB 3ananeHHa (NpocTarnaHAnHIB,
6paauKiHiHy, cybcTaHLii P), AKi 3HMXKYOTb nopir 36yann-
BOCTi HOLMUENTUBHMX 3aKiHueHb [20]. Y pe3ynbTtati dop-
MYETbCA NepudpepryHa CeHCMTU3aL, i, WO KAiHIYHO npo-
ABNAETLCA iIHTEHCUBHUM, iHKOW NyabCcytoumMm b6onem y
Byci abo ippajiaLi€to B CKPOHEBY, MOTUANYHY YU LLLeNen-
HY LiNAHKN.

Ha piBHi LeHTpanbHOI HEPBOBOI CMCTEMM TpuBana
adepeHTHa HoUMLENTMBHA IMNyAbcalifs NpPU3BOAUTL
00 NiaBULLEHHA 36yAAMBOCTI HEMPOHIB CMUHHOMO3KO-
BOro sfpa TPiNYacToro HepBa, PETUKYAAPHOI dopmauii
Ta TaflaMOKOPTUKANbHUX CTPYKTYp [21]. Lii 3miHM cynpo-
BOAJKYHOTbCA PO3BUTKOM LLEHTPaANbHOI CeHCMTM3aLi,
KNiHIMHMMKM NpPOoABaMM AKOI € rinepanresia, aNo4MHIA Ta
CXMNBHICTb 40 XPOHi3aLii 601b0BOro cMHAPOMY.

[ AKyCTUYHa BUGYXOBa XBUSIS / Pi3KuiA mepenag, TUCKY

h 4
MexaHi4He yLIKOoO KeHH: 6apabaHHOI MepeTuHKU Ta
CTPYKTYP CEPEAHBOrO / BHYTPILLHLOro Byxa

¥

MikpocyauHHi po3nagu
(iwemisn, Habpsik, KPOBOBUNUBU)

¥

BuBiNIbHEHHA MeajaTopiB 3ananeHHs
(npocrarnanauHu, 6pagunkiHiH, cybcraHuia P)

L 2

AKTUBALLiA Ta ceHCUTM3aLlis
nepundeprHHUX HoLMLIENTOPIB

‘
. N Y

" =/

j A 4 !
AdepeHTHa imnynbcauisa

L no BosokHax V, IX, X 4epenHux HepBiB i

) 2

AKTMBaLjA CNMHHOMO3KOBOrO S4pa
TpifiYacToro Hepea Ta TajlaMiYHUX CTPYKTYP

) 2

AKTUBALLIS CAVHHOMO3KOBOIO
S4pa TRINYACTOro HEPBA Ta TaslaMidHUX CTRYKTYP

Ll,eHTpaana ceHcuTusauis

[ FocTpuii a6o XpoHI4YHUI 60/1IbOBUIA CUHAPOM. ]

PucyHoK — Cxema natoreHe3y 60110 Npu aKyCTUUHili 6apoTpaBmi.

Oco611BOI KNiHIYHOT 3HAYYLLLOCTi 3a3HaYeHi npouecu
HabyBaloTb Yy BIMCbKOBOCNYXKOOBL,B, Y AKUX 6ONbOBUIA
CUHAPOM YacTO NOEAHYETLCA 3 TUHITYCOM, rinepakysieto,
BECTUOYNAPHMMM PO3/1agamM Ta MOCTTPABMATUYHUMM
CTpecoBMMM peakuiamu [22]. HaasHi gaHi ceigyath, Wwo
NCUXOEMOL,IMHWUI CTPeC i NOPYLUEHHA CHY € HE3aNEeXKHU-
MW YMHHWKAMU, AIKi MOCUAIOIOTL LLEeHTPabHY rinep3bya-
JIMBICTb i CNPUAIOTb XPOHi3auii 6oato [23]. 3a Taknx ymos
6inb NpY akycTUYHI GapoTpaBmi HabyBae puc cCKnagHo-
ro HeMponaTUYHOro Ta LEeHTPasbHOro 601b0BOrO CUH-
apomy [24], wo noTpebye natoreHeTUYHO OBFPyHTOBA-
HOro, NOETANHOro i My/ILTUMOZA/IbHOTO JliKYBaHHA.

Y LbOMY KOHTEKCTi TpaAuuiiHi 6a30Bi aHanbreTu-
KW, 30Kpema HecTepoigHi nNpoTM3ananbHi npenapaTy,
MaloTb 0bmeKeHy epeKTUBHICTb. BOHM BN/KMBalOTL ne-
peBarKHO Ha nepudepuyHi 3anasbHi MexaHi3mu i He-
[OCTaTHbO KOPUIYOTb HEWPOHANbHY TFiNepaKTUBHICTb
Yy C/NYXOBUX Ta HOLMLENTUBHUX LUAAXAX LEHTPasbHOI
HepBOBOI cucTemu [25], WO 3yMOB/IOE HEOBXiAHICTb 3a-
CTOCYyBaHHA Npenaparis, CNPAMOBaHMX Ha MoaudiKaLiito
HeNpoHanbHOI 36yAMBOCTI Ta NpoLeciB ceHcUTM3alili.
Came TOMy npoBigHe Mmicue BigBOAUTBCA MYABLTUMO-
OanbHiA aHanresii 3 paHHIM 3a1y4eHHAM af’tOBaHTHUX
aHanbreTuKie. BianoBigHO A0 Cy4YacHMX MiKHAapPOAHWUX
pekomeHAauin, TpMLUMKAIYHI aHTuaenpecaHTn (TLA), ce-
JNIEKTUBHI iHTBITOPN 3BOPOTHOrO 3aXOMN/IEHHA CEPOTOHI-
Hy Ta HopagpeHaniHy (CI33CH), a TakoX NPOTUCYAOMHI
3acobu (MNC3) posrnagatoTbCa AK 3acobu nepLuoi ANiHii
ANA NiKYyBaHHA HelponaTUYHOro 6010 He3anexHo Bif
oro etionorii, 32 ymoBM nomipHoi abo BUCOKOI AKOCTI
[AOKa30Boi 6a3u [26, 27] (Tabn.).
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Tabnuusa — NpenapaTty nepLuoi NiHii ANA NiKyBaHHA HeliponaTUYHOrO

60n10 Npu aKycTUUHi 6apoTpaBmi

3a [JaHMMKM  CUCTEMATUYHUX
ornagis Cochrane, nepekoHnnBa

Kniniani nokasanna | AOKasoBa 6asa wopo edektms-

AHanoriyHni rabaneHTu-

Mperabaniy .
HY, WWBUALWMIA NOYATOK A

lpyna npenapartis  |[peactaBHUKM| OCHOBHWIN MexaHi3m aii npu ABT HOCTi Npu HeliponatuyHomy 6osto
Enokaaa a26-1 cy6o- Hei 56 HaABHa caMg ana .I'a6a!'IEH.TMHy

labaneHTHH Anmup Ca®'-kakanis, TE:ﬁOZaTZ:iM:n;ﬂ:’ T8 nperabaniy, TOAI AK iHLL a~H_

3HUKEHHA BUBINbHEHHSA ceyHél:"msap . TUKOHBYNbCAHTM  (KapbamaseniH,

MpomucydomHi 3acobu rnyTamarty Ta cybcTaHuii P 4 NIAaMOTPUAKMH, TONipamaT) MatoTb
(aHmMu-KoHsynbcaHmu) IHTEHCUBHWI Helpo- obmexeHy abo  cynepeunusy

naTUYHKUiM 6inb, Noea-
HaHHA 3 TPMBOrOO Ta
NOPYLIEHHSAM CHY

epeKTUBHICTb | MeHLW CcnpuaTan-
BU Npodisb NepeHoCUMOCTi.

IHribyBaHHA 3BOPOTHOrO
33aX0ONNEHHA CePOTOHIHY
(C) Ta HopaapeHaniHy
(HA), 6nokaga Na*- Ta
NMDA-KaHanis

TpuyukniyHi aHmuoe-
npecaHmu

(TUA)

AMITPUNTUAIH,
HOPTPUNTUAIH

LLle 0AHMM KNIOUOBUM KNacom
npenaparis A1 NiKyBaHHA HeNpo-
naTuyHoro 60110 € aHTUAenpecaH-
TW. IX aHanreTMYHu edeKT nos’sa-

XPOHiYHU# 6inb 3 ene-
MeHTamK aenpecii abo,
NOPYLUEHHSA CHY

CenekmusHi iH2i6i-
mopu 380pOMHO20
3axonneHHAa C ma HA
(CI33CH)

[ynoKkceTuH,
BeH/ladaKCUH

AKTMBALiA HU3XIAHUX aH-
TUHOLMLENTUBHUX LUNAXIB

3aHUI i3 BNAMBOM Ha HU3XiAHI
AQHTUHOLMUENTUBHI CUCTEMM, LLO
6epyTb NOYATOK Y KOPKOBMX i Nig-

LleHTpanbHWit Helipo-

naTU4YHUi 6inb (Kpawa

nepeHoCUMIcTb NOpiB-
HAHO 3 TUA)

EKcnepvMmeHTanbHi Ta KNiHIYHI AOCNIAXKEHHA AeMOH-
CTPYIOTb, WO YLWKOAMKEHHA HEPBOBUX BOJIOKOH, Y TOMY
YUCNi NPU aKYCTUYHIK GapoTpaBmi, CYNpPOBOAKYETbCA
niasuweHow ekcnpecieto a26-1 cyboauHULb BOJb-
TaXK-3aNEKHUX KaNbLEBUX KaHA/IB y NPecUHanTUYHUX
HeMpoHax. AKTMBaALiA LWUX CTPYKTYp MPU3BOAUTb [0
NocUNeHHA BUBINbHEHHA 30yaXKyBa/ibHUX Helpomepi-
aTopiB i NiATPMMAHHA NATO/IONYHOI HEeMpPOHaNbHOI ri-
nep3byanmeocTi. NocuneHe 38’s3yBaHHA TAMK 3 a26-1
cybogmHuuammn Ca**-kaHanis NpuU3BoAMTb A0 NPUTHIYEH-
HA BUXOAY 30YAXKYHOUMX HEMPOTPAHCMITTEPIB B CMHAM-
TUYHI WiNMHWK i, BIANOBIAHO, [0 NepepuBaHHA BUCXiAHOT
HOLMUENTUBHOI Nepefadi, WO KAiHIYHO MPOABAAETHCA
3MeHLWeHHAM 601b0BOr0 CUHAPOMY.

labaneHTUH i nperabaniH, AKi € CTPYKTYPHUMM aHa-
noramn FTAMK, BMABNAKOTb BUCOKY CNOPIAHEHICTb 40
a26-1 cyboamHuL, KanbLiieBnx KaHanis. Ix gia nonaraey
3MeHLeHHi NPECUHANTUYHOTO BUBINIbHEHHA [yTamary,
cy6cTaHuii P Ta HopagpeHaniHy, Wo NnpusBoauTb 40 Npu-
THIYEHHA AK NepudepuyHOI, TaK i LeHTPaNbHOT CEHCUTU-
3aUiil. Y KOHTEKCTi akycTUYHOI bapoTpaBmMu Li npenapaTtu
HabyBatoTb 0CO6/MBOr0O 3HAUYEHHSA, OCKINbKM 34aTHi 3HU-
YKYBaTW NaTONOTiYHY aKTUBHICTb HEMPOHIB JOPCANbHOIO
KOX/1IeapHOro A4pa Ta CIYXOBUX LUAXIB CTOBOYpPa MO3KY,
LLLO ACOLLIIOETHCA He nLe 3 601bOBMM CUHAPOMOM, ane
M 3 TUHITycOoM Ta rinepakysieto [28]. KniHiyHO Le npo-
ABNAETbCA 3MEHLUEHHAM iHTEHCMBHOCTI meKyyoro abo
CTpinstoyoro 600, 3HUMKEHHAM Cy6’EKTUBHOI ry4HOCTI
LIYMY Y ByXaX, @ TAKOXK MOKPALLEHHAM AKOCTi CHy Ta 3a-
rafbHOro eMOLMHOro CTaHy

Tepanito rabaneHTMHOM 3a3BMYAN MOYMHAOTL i3
£03un 300 mr Ha fo6y 3 nocTynoBoto TUTpauieto o 900-
1800 mr. Y BiliCbKOBOC/Y*KOOBL,iB AOLLINBHOLO € NOBiNIbHA
TUTPALLIA 3 ypaxyBaHHAM PU3MKY cepaLlil Ta NOPYLIEHHA
KOOpAMHaLLl.

MperabaniH € 6inbll cenekTMBHUM Ta GapMaKoKiHe-
TUYHO nepeabadyBaHMM aHaso0rom rabaneHTUHy. Moro
nepeBaramu € LWBUALIMA NOYATOK Aji, MEHLWA MiXiHAW-
BiflyasbHa BapiabenbHiCTb KOHLEHTpaUii y nnaasmi Ta
BUPAXKEHUWN aHKCIONITUYHMIA edeKT, Wo mae ocobamee
3HauyeHHA B ymoBax b6oiosoro cTpecy. MpenapaTt noka-
3aHUI NpW IHTEHCMBHOMY HelponaTtuyHomy 6osto, no-
€iHaHHI 60110 3 TPUBOXKHMMM PO31aZaMuM Ta MNOPYLIEH-
HAMMW cHy. CTaHOQPTHI f03K cTaHOBAATb 75-150 mr aBivi
Ha poby [29].

KOPKOBMX CTPYKTypax Ta peanisy-
I0TbCA Yepe3 nepiakBeayKTa/ibHY
cipy pe4yoBUHY i Agpa wea. AKTUBALLA CEPOTOHIH- Ta HO-
paspeHepriYHNX HEMPOHIB NPU3BOAMUTL A0 NiABULLEHHA
KOHUEHTpauii BianoBiAHMX HeMpomegiaTopiB y [op-
Ca/IbHOMY pPO3i CMMHHOIO MO3KY, Aie BOHU iHribytoTb ne-
peaayy BUCXigHMX 601b0BUX iMNyNbCiB. TPULMKAIYHI aH-
TnaenpecaHT i CI33CH peanisytoTb CBill epeKT Waaxom
NPUrHiYEHHA 3BOPOTHOIO 3aXOMNJIEHHA CEPOTOHIHY Ta HO-
paApeHaniHy B CMHaMcax, Wo NOCUIOE HU3XIgHY Moay-
nAaujto 6onto. Y NauieHTiB 3 akycTMYHO 6apoTpaBmoto
Ui MexaHi3MmM MaloTb 0COBAMBY KANiIHIYHY 3HAYYLLICTb,
OCKIZIbKM [,03BONAIOTb BMJIMBATU HA LEHTPANbHI NaHKK
6010, WO NiATPMMYIOTb MOro XpoHisauito [30].

[o rpynn TUA Hanexatb aMiTpUNTUAIH, HOPTPUN-
TWUNiH, Ae3uUnpaMiH, JOKCeniH i KnominpamiH. Came Ui
npenapaT € HanbiNbL BUBYEHUMM Y KOHTEKCTI Helpo-
naTu4yHoro 6010, a iXx aHaNAreTUUHi BACTUBOCTI NiaTBep-
OXKeHi pocnigXeHHAMM, Wo nposogATbea we 3 1960-x
POKiB. «3010TMM CTaHAAPTOM» JliKyBaHHA XPOHIYHOTO
HelponaTUyHoro 6010 TPAAMULIMHO BBAXKAETbCA aAMIT-
PUNTUAIH. MOro aHanreTUYHUi epeKT 3yMOBAEHUIA iH-
ribyBaHHAM 3BOPOTHOIO 3aXOMJEHHA CepPOTOHIHY Ta
HOpaApeHaniHy 3 NOTEHLiIOBAaHHAM HU3XIAHWX aHTU-
HOLMUENTUBHUX WAaxiB. JoaaTKoBO npenapat 610Kye
HaTpieBi kKaHanu Ta NMDA-peuentopn, 3MeHLIYOYN
LeHTpanbHy rinep3byanmeictb [31]. BogHoyac 3acTocy-
BaHHA aMiTPUNTUAIHY YM iHWKUX NpeacTaBHUKiIB TLA B
AKOCTi af’toBaHTHUX aHa/IbIreTUKIB 0BMEXKYETbCA iX aH-
TUXONIHEPriYHMMM NOBIYHUMU edeKTamMK (CyXiCTb Yy POTi,
NOpyLIEHHA 30pYy, 3aKpenu, opToCTaTM4YHA FiNOTeHsiA,
PU3UK KOTHITUBHOI AMChYHKLT).

CeNneKTUBHI iHribITOpK 3BOPOTHOrO 3aXOMEHHA ce-
POTOHIHY Ta HOpaApeHaniHy, 30Kpema AOy/NOKCETUH i
BeH/IadaKCUH, po3rNafatoTbea AK Binblw 6e3neyHa anb-
TepHaTMBa TLLA. BOHM AeMOHCTpyHOTb NoOpiBHAHY abo
BULLY ePeKTUBHICTb LLOAO 3MEHLUEHHA HelponaTUYHO-
ro 6010 Npu Kpawin NepeHoCMMOCTi Ta MiHiMmaibHOMY
BM/IMBI Ha KOTHITUBHI $yHKUii [32]. Baxanso, Wo aHan-
retTnyHuii edpekt CI33CH npoABNAETbCA 3HAYHO WBKALLE,
HiXK QHTUAENPECUBHUM, LLLO MAE NPAKTUYHE 3HAYEHHA B
KNIHIYHIM npakTULi.

Ba)KNMBO 3a3HauMTK, WO He BCi aHTUAENPEeCcaHTu €
ebeKTMBHUMM WOA0 HelponatuyHoro bosnto. Cenek-
TUBHI iHTiGITOPN 3BOPOTHOrO 3axOM/IEHHA CEPOTOHIHY
(dnyokceTuH, cepTpaniH) He matoTb AOCTAaTHLOTO BMU-
BY Ha HOpaZpeHepriyHy nepeaavy B 4OPCa/IbHOMY PO3i
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CMWUHHOIO MO3KY, LLO MOACHIE iX HU3bKY aHaNreTuyHy
edeKTMBHICTb. BogHOYaC TPULMKAIYHI aHTUAENPECAHTH
Ta CI33CH € 0co6/11BO LiHHUMMW Y MaLiEHTIB i3 NO€AHaH-
HAAM XpOHiYHOro 6onto, AenpecnBHUX abo TPUBOMKHMUX
po3nagis, xoya iX aHanreTMyHa edekTUBHICTb 36epira-
€TbCA | 3@ BiACYTHOCTI cynyTHbOI ncmuxonatonorii [33].

AK LONOBHEHHA 4,0 CMCTEMHOI Tepanii Npu fI0Kaniso-
BaHWX popmax HelponaTMYHoro 60/t 3aCTOCOBYHOTHCA
npenapaTy MicLeBoi Aji, 30Kpema NifoKaiH Ta Kancai-
LMH. TonivyHi npenapaTth NigoKaiHy 3HUKYIOTb EKTOMIYHY
AKTMBHICTb YLUKOAMKEHUX HEPBOBMX BOJIOKOH LLUSXOM
6noKaan HaTpieBMX KaHaniB. KancaiumHoBi naactupi
BMCOKOI KOHUEHTpaLii (8 %) BUKAWKaOTb TpUBany ge-
ceHcuTusauito TRPV1-peuenTtopis, ogHaK 3aCTOCYyBaHHA
LbOro MeToay MnoTpebye MeAMYHOrO KOHTPOJO yepes
PU3UK IHTEHCMBHOIO JIOKAJIbHOTO MEeYiHHA Ta AUCKOM-
dopry [34].

[MOKOKOPTMKOIAM, XO4a 1 He HanexKaTb A0 Knacuu-
HUX aHaNbreTUKiB, BIiAIrPalOTb BaXK/IMBY aj tOBAHTHY
pONb y rocTpiit pasi akycTMuHoOi bapoTpaBmu. Ix npoTu-
3ananbHa Ta membpaHocTabinisytoya 4is cnpuae 3meH-
LWEHHIO HabpAKy KOXNeapHWUX CTPYKTYp, OCAabneHHo
Helpo3ananeHHs, cTabinisauii remato-nabipMHTHOrO
bap’epa Ta onocepesKOBAHOMY 3HUMKEHHIO iHTEHCUB-
HocTi 6onto.

NMDA-aHTaroHicT, 30Kpema KeTamiH y cybaHecTe-
TUYHMX 033X, PO3INAAAOTLCA AK Pe3epBHUIN 3acib npu
pedpaKkTepHomy 601b0BOMY CMHAPOMI. [aHi ekcrnepu-
MEHTaNIbHUX | KNIHIYHUX AOCNiAXKeHb CBigvaTh, wo 610-
kaga NMDA-peuenTopis f03BoNA€E ePEKTUBHO nepepu-

BaTM MPOLLECU LLEeHTPaNbHOI CEHCUTM3ALLT Ta 3anobiratu
dopmyBaHHIo «b6oboBOT Mam’aTi» [35].

3 nosuuin Henpododisionorii BaxkAMBy pPosb Bigirpa-
I0Tb TAKOX HemeAMKAMEHTO3Hi Ta HeMpodizionoriyHi
METOAMN YCYHEHHs 60/t0, CNPAMOBaHI Ha MoAyNALito
LLeHTPa/IbHOT CEHCUTM3ALLIT — TPAHCKPaAHiaNbHa MarHiTHa
CTUMYNALIA, KOTHITUBHO-NOBEAIHKOBA Tepanis, meToam
6ionoriyHOro 3BOPOTHOrO 3B’A3KY. Y MaLieHTIB BilCbKO-
BOro npodinto uji nigxoan marTb ocobnmBe 3HaYEHHA
ONA 3MEHLUEHHSA BNAUBY CTpecoBux GpaKTopiB HA iHTEH-
CUBHicTb 6onto.

BUCHOBKMU

AHani3 cy4acHoi niTepaTypu CBigYnTb, WO 601b0BUIA
CMHAPOM NPU aKyCTUYHiN H6apoTpaBmi mae baraTopis-
HEeBMI NaToreHes i3 NPOBIAHOK PONIO HEMPONATUYHMX
mexaHi3miB. EdpeKTUBHe NikyBaHHA BMMAra€ paHHbOro
3aCTOCYBaHHA MyNbTUMOAA/IbHOI aHanresii 3 0608’A3Ko-
BMM 3a/ly4EHHAM a tOBAHTHUX aHANbreTUKIB, AKi BNAK-
BaloTb Ha NepudepuyHy Ta LeHTPasbHY CEHCUTM3ALLIO,
a BMBip KOHKPETHOro npenapaTty Mae 34ilicHioBaTUCA 3
ypaxyBaHHAM KAiHiYHOro peHoTuny 6010, CynyTHIX ncu-
X0eMoUiHUX po3nagis i npodinto 6esnekn. Takuit nia-
XiZL [,O3BO/IAE HE NIMLIE 3MEHLUUTU IHTEHCUBHICTb 6010,
ane 1 3anobirtv Moro XpoHisauii, Lo € KPUTUYHO BaXK/IU-
BUM gn1a 36epexkeHHA QyHKLIOHaNbHOrO CTaHy Ta 60€e3-
[OATHOCTI BiiCbKOBOC/Y»K6O0BLLB.

MepcnekTMBKM NOAANbLUNX AOCNIAMKEHD.

MepcnekTMBHUM HaNPAMOM € BMNPOBAAMKEHHA nep-
coHani3auii npoTMbonboBoi Tepanii npu akybapoTpasmi
3 ypaxyBaHHAM MCUXO-EMOLLIAHOT OLLIHKM CTaHy NaLieHTa
nicns BN/AMBY BMOYXOBOT XBUII.
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BOJIbLOBUA CUHOPOM MPU BUBYXOBINA BEAPOTPABMI: NATO®I3IONONIYHI MEXAHI3MW, KAIHIYHI
XAPAKTEPUCTUKU, NTPUHLUUNU NIKYBAHHA

daHHaH AlimaH, MakapeHko O. B.

Pestome. AKycTuuyHa bapoTpaBma (akybapoTpaBma, ABT) ynpoaoBXk OCTaHHIX AecaTuiTb Habyna ocobaunBoi
aKTYaNbHOCTI B YMOBAX 3POCTAHHA TEXHOTEHHMX Ta BiiICbKOBMX BMN/IMBIB BUOYX0BOI cuaun. AkybapoTpaBma po3rns-
OAETbCA AK KOMMNIEKC PYHKLIOHANbHUX | CTPYKTYPHUX YLLKOAMKEHD OpraHy Cayxy, BecTubynapHoro anapary Ta LeH-
TPaNbHUX HEMPOHHUX CTPYKTYP, CNPUYMHEHUX BMJIMBOM pPi3KMX nepenais atmocdepHoro abo rigpoctaTMyHOro
TUCKY, YAapHOT BUOYXOBOT XBUi, @ TAKOX IHTEHCMBHOIO iMMNy/IbCHOro abo TPMBANOro LWyMy BUCOKOI ry4yHocTi. bo-
NboBui cuHapom npu AKB, ocobanBo B ymoBax 601M0BUx Aild, 4acTo HabyBae 3aTaxKHOro nepebiry 3 TeHAEHLE A0
XPOHi3aLii Ta GopMyBaHHA HEMpPONaTUYHOrO KOMMOHEHTA.

labaneHTUH i nperabaniH, sKi € CTPYKTYpHUMUK aHanoramu TAMK, BUSBAAIOTb BUCOKY CNOpiAHEHIcTb A0 a26-1 cy-
60aMHMLI KanblieBUX KaHaiB. Ix 4is nonarae y smeHLeHHi NPecMHaNTUYHOrO BUBIIbHEHHSA MyTamaTy, cybcTaHuii P
Ta HOpaApeHaniHy, Wo NPU3BOAUTb A0 NPUTHIYEHHS AK NepnudepuyHol, TaK i LeHTPabHOT CEHCUTU3aLLIT. Y KOHTEKCTI
aKYCTUYHOI BapoTpaBmMMU L NpenapaTi HabyBatoTb 0COH/IMBOrO 3HAYEHHSA, OCKIZIbKM 34aTHI 3HUMKYBATM NATONOTYHY
aKTUBHICTb HEMPOHIB JOPCANbHOMO KOX/IeapHOro AApa Ta CAYXOBUX LIAAXIB CTOBOYpa MO3KY, LLLO aCOLETLCA He
nvwe 3 60N1bOBUM CUHAPOMOM, ane i 3 TUHITYCOM Ta rinepakysieto.

LLle ofHMM KNIOUOBMM KNacom npenaparTis ANa NiKyBaHHA HeliponaTuyHoro 60110 € aHTUAenpecaHTu. Ix aHan-
reTMYHU edeKT NoB’A3aHMM i3 BNIMBOM Ha HU3XiAHI aHTUHOLMLIENTMUBHI CMCTEMM, WO BepyTb MOYATOK Y KOPKOBUX
i NiAKOPKOBMX CTPYKTYpax Ta peanisytoTbCa Yepes nepiakBeayKTanbHY Cipy pe4oBUHY i Agpa WBa. AKTMBALiA cepo-
TOHiH- Ta HOpPaAPEeHepPriYHMX HEMPOHIB NPU3BOANTL A0 NiABULLEHHA KOHUEHTpaL BignoBigHMX HellpomeaiaTopiB y
[,0pCanbHOMY PO3i CMMHHOTO MO3KY, Zie BOHM iHFiOYIOTb Nepeaayy BUCXiAHUX 60N1b0BUX iIMMYbCIB.

Kntouosi cnoBa: akybapoTpaBma, BUByxoBa XBWAA, NaTOreHeTUYHi acnekTn, 601b0BUI CUHAPOM, 3HebotooYa
Tepanis, KombiHoBaHa Tepanis, aa’toBaHTHI 3He6otoOYI 3ac06M.

PAIN SYNDROME IN EXPLOSIVE BAROTRAUMA: PATHOPHYSIOLOGICAL MECHANISMS, CLINICAL
CHARACTERISTICS, TREATMENT PRINCIPLES

Fannane Aymane, Makarenko O. V.

Abstract. Acoustic barotrauma (acubarotrauma, ABT) has become particularly relevant over recent decades in
the context of increasing technogenic and military exposure to explosive forces. Acoustic barotrauma is considered a
complex of functional and structural injuries affecting the auditory organ, the vestibular apparatus, and central neu-
ronal structures, caused by the impact of abrupt changes in atmospheric or hydrostatic pressure, blast shock waves,
as well as intense impulsive or prolonged high-intensity noise. Pain syndrome associated with ABT, especially under
combat conditions, often acquires a prolonged course with a tendency toward chronicity and the development of a
neuropathic component.

Gabapentin and pregabalin, which are structural analogs of y-aminobutyric acid (GABA), demonstrate high affini-
ty for the a26-1 subunit of voltage-gated calcium channels. Their mechanism of action involves reducing the presyn-
aptic release of glutamate, substance P, and norepinephrine, which results in the suppression of both peripheral and
central sensitization. In the context of acoustic barotrauma, these agents are of particular importance, as they are
capable of reducing the pathological activity of neurons in the dorsal cochlear nucleus and the auditory pathways of
the brainstem, which is associated not only with pain syndrome but also with tinnitus and hyperacusis.

Another key class of medications used in the treatment of neuropathic pain is antidepressants. Their analge-
sic effect is associated with modulation of the descending antinociceptive systems, which originate in cortical and
subcortical structures and are mediated through the periaqueductal gray matter and the raphe nuclei. Activation of
serotonergic and noradrenergic neurons leads to increased concentrations of the corresponding neurotransmitters
in the dorsal horn of the spinal cord, where they inhibit the transmission of ascending pain impulses.
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Key words: acoustic barotrauma, blast wave, pathogenetic aspects, pain syndrome, analgesic therapy, combina-
tion therapy, adjuvant analgesics.
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MODERN VIEWS ON THE FUNCTIONAL ANATOMY AND BIOMECHANICS

OF THE MUSCLES OF THE SHOULDER GIRDLE
Bukovinian State Medical University (Chernivtsi, Ukraine)
khmara.tv.6@gmail.com

The shoulder girdle is a unique biomechanical structure that combines maximum amplitude of movement and
high stability. In this study, this system is considered as the result of the complex interaction of four joints: the ster-
noclavicular, acromioclavicular, shoulder, and scapulothoracic joint. It should be noted that the functionality of this
structure primarily depends on the accuracy of the neuromuscular apparatus, which acts as an active stabiliser.

The study analyses how classical anatomy is being transformed today under the influence of in vivo imaging,
electromyography, and kinematic analysis methods. A deep understanding of the morphology of the muscles that
control the scapula and clavicle is important for the clinical training of professionals in all specialties. This is the basis
for the diagnosis and treatment of a wide range of pathologies: from impingement syndrome to degenerative rota-
tor cuff tears that necessitate complex reconstructions.

Particular attention is paid to scientific research of the last ten years, which has detailed the structure of muscle
fibres, their innervation and force vectors. We have considered the prospects of surgical tendon transfer for func-
tional recovery in this article. The introduction of this latest data allows for significant improvements in diagnostic
algorithms, rehabilitation protocols, and surgical intervention strategies.

Key words: shoulder girdle, scapula, shoulder joint, functional anatomy,
sis, rehabilitation.

upper limb muscles, scapular dyskine-

Connection of the publication with planned re-
search work.

The study is part of a comprehensive topic of the M.H.
Turkevich Department of Human Anatomy, “Morpho-
functional features of the development of organs and
systems within topographic anatomical areas in human
ontogenesis” (state registration number 0125U002137).

Introduction.

Effective decision-making in the diagnosis and treat-
ment of upper limb injuries and diseases — regardless
of trauma type or site of pathology—relies heavily on
the clinician’s expertise, which is rooted in a profound
understanding of anatomy. The shoulder girdle (cingu-
lum membri superioris) represents more than a mere
connective link between the axial skeleton and the free
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