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Abstract. Background. Damage to the central (CNS), peripheral and autonomic nervous systems are the
leading complications of electrical trauma (ET). Evidence collection. A retrospective informative search was
performed using a spatial-vector descriptive model, which was supplemented by a manual search of relevant ar-

ticles. Forty-two modern literature sources were selected over the past 10 years, of which 76.2 % — over the past
5 years. Evidence synthesis. The leading mechanisms of neurological ET are electroporation, vascular injury,

demyelination and the release of thermal energy, which causes the destruction of macromolecules. In this regard,

theories of causality, alternative and neurohumoral hypotheses have been proposed. There are several types of
nerve damage in ET, including circulatory disorders, ischemic encephalopathy, hypoxic encephalopathy, various
dystrophic changes in brain cellular structures and intracranial hemorrhages. The greatest neuronal damage is
observed in cases with minimal skin damage (the most significant amount of current falls on internal structures).

Direct or indirect effects of ET on the brain are possible, when craniocerebral trauma is caused by the passage of
current or direct damage to the brain due to blunt mechanical trauma (or a combination of both). Electric shock
can lead to ischemic stroke due to circulatory disturbances or to hemorrhagic stroke due to direct structural dam-
age with necrosis and axonal degeneration. Acute CNS complications include changes in mental status, coma,

amnesia, quadriplegia and localized paresis. Motor impairment occurs more often than sensory deficits. Delayed
neurological syndromes, such as cerebellar ataxia or autonomic dysfunction, may occur weeks or months after
the initial injury due to the development of subsequent ischemia, a decrease in the number of Purkinje cells or
the presence of hemorrhages. In situations where the path of the electric current crosses the spinal cord, which

usually occurs at the level of C4-C8 (i.e. from one limb to the other), the patient is at risk of spinal cord injury.

This type of trauma leads to direct damage to the spinal cord, which causes significant neurological disorders.

Conclusions. The leading mechanisms of neurological electrical trauma are electroporation, vascular injury,

demyelination and the release of thermal energy. Brain damage in electrical trauma is possible even when the
head is not in a direct electrical circuit. The mechanisms of the development of delayed neurological complica-
tions are currently not fully understood.
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Introduction

Damage to the central, peripheral and autonomic ner-
vous systems are the leading complications of electrical
trauma (ET) [1—-8]. They occur with early or late onset
and, depending on the severity of the injury, have different
durations. Therefore, most neurological complications of

ET are diagnosed only after a certain time after the injury
[9—11].

In most cases, symptoms appear immediately after ET.
However, some neurological complications occur within the
first six months after electric shock, or even at a later time
(1-5years) [12—18].
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Due to the peculiarities of their structure, nerves and
blood vessels contribute to the passage of current, which de-
termines the neurological and vascular consequences of ET
and explains the high frequency (31.0—81.6 %) of electrical
injuries of the nervous system [9, 19—22].

Collection of evidence

Selected literature sources were included in the study if
they: 1) were published in Ukrainian, English or Spanish,;
2) reported acute functional and morphological damage to
the central nervous system in electrical trauma; 3) reported
on the prevalence of neurological pathology in electrical
trauma; 4) used an observational design (cohort or cross-
sectional). A retrospective informative search was performed
using a spatial-vector descriptive model, which was supple-
mented by a manual search of relevant articles. 42 modern
literature sources were selected over the past 10 years, of
which 76.2 % — over the past 5 years.

Evidence synthesis

Mechanisms of neurological electrical injury
development

— Electroporation is due to the opening of pores in the
cell membrane, which initiates a cascade of events that con-
tribute to cell death (apoptosis).

— Vascular injury occurs as a result of spasm and release
of vascular inflammatory mediators, which cause neuronal
ischemia, chromatolysis and microglia activation.

— Demyelination occurs due to changes in the structure
of proteins and lipids.

— The release of thermal energy causes the destruction
of macromolecules.

Electricity promotes the circulation of substances, in
particular cortisol, a stress hormone, and the generation of
free radicals, which act at a distance and by hyperstimulation
of glutamate receptors. The interaction of all these factors
may also be responsible for delayed effects in the central and
peripheral nervous systems [11, 20, 23, 24].

Causal theories

Central syndromes, including cerebellar syndromes, are
often attributed to direct exposure to electrical current. Vas-
cular causes of cerebral infarction with vascular obliteration
have been postulated. Focal petechial hemorrhages, espe-
cially in the cerebrum and medulla, and in the gray matter
of the anterior horns of the spinal cord, are more common
after alternating current (AC) injury [23, 24].

Chromatolysis is a state of dissolution or disintegra-
tion of the chromatophilic substance (Nissl bodies or rough
endoplasmic reticulum) in the cytoplasm of neurons. This
phenomenon can cause cell exhaustion and is indicative of
cell damage. Chromatolysis is most commonly seen in the
pyramidal cells of the medulla oblongata, in the anterior
horn cells, and in the Purkinje cells of the cerebellum. These
changes are patchy and well-defined. There is expansion of
the perivascular spaces, which is due to the formation of
gas/vapor and is observed mainly in lethal electric shocks.
In severe damage, the entire brain and individual areas of
the spinal cord may be swollen, softened, and even leak [24].

Classes of causal processes

1. General symptomatic endpoint. It is noted that pro-
longed incapacity after low-voltage ET resembles the effects
of traumatic brain injury.

2. Direct electrical damage causes damage along the cur-
rent path, which includes electrostatic tissue delamination,
as well as cytolysis due to electroporation. The least electrical
resistance is provided by blood flowing through the subcla-
vian arteries. A potential difference exists between the blood
in the carotid arteries, and a (possibly small) part of the cur-
rent flows from one carotid through the circle of Willis to the
opposite carotid artery. Thus, there is an amount of current
that enters the brain. Therefore, it would be wrong to assume
that a direct current flow from hand to hand cannot affect
the brain because it is not in the direct path of the electric
current.

3. Thermal damage occurs as a result of the contact of the
current with the resistance of the tissues and the generation
of dissipative (associated with energy losses) heat. Therefore,
the statement that the most electrically resistant tissues dis-
sipate more heat is incorrect.

4. Tissue delamination under the influence of electricity is
due to the formation of gas phases, which, due to an increase
in their volume, cause tissue stratification.

5. Ischemic changes are due to the passage of current
through blood vessels, which leads to vascular spasm, ische-
mia and inflammatory reaction of the perfused tissues.

6. The neurohumoral effect of the blood flow includes the
release of neurohormones, which explains both the “action
at a distance” and the symptoms of “delayed onset” [20,
23-25].

Delayed development syndromes
(alternative hypothesis)

The most dramatic and difficult to explain phenomena
are the neurological disorders that occur months or even
years after electric shock. These include motor neuron disor-
ders, amyotrophic lateral sclerosis, parkinsonism, and focal
dystonia. In some cases, late spinal cord atrophy is observed.
Electricity alters protein and/or DNA and this can negative-
ly affect the vascular endothelium, leading to a restriction of
blood supply to the central nervous system [23, 24, 26].

Neurohumoral hypothesis

Under the influence of current, circulating substances
are released and transported by the bloodstream, acting at a
distance. Changes in arterial function have been noted in ar-
teries directly along the line of current flow. However, func-
tional disorders in arteries have also been identified when
current does not flow to the vessels on the opposite side of
the body [20, 23, 24].

The proposed pathophysiological mechanisms of CNS
lesions caused by low-voltage or high-voltage current are
the following: direct, thermal or mechanical damage to
neurons with their secondary loss, microglial activation
with blood-brain barrier dysfunction and neuroinflamma-
tion, neuroexcitotoxicity due to glutamatergic hyperstimu-
lation, electroconformational denaturation of proteins and
DNA, oxidative stress and ischemic changes in neurons due
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to vascular spasm, and endothelial inflammation. This may
be due to direct thermal damage to the nervous tissue or to
electroporation, which damages nerve cells that depend on
existing electrolyte gradients for proper function [15, 21, 28].
Electroporation is considered an important factor in neuro-
nal changes in the plasma membrane after electrical injury,
causing immune-mediated demyelination after the forma-
tion of electropores in the phospholipid bilayer of cell mem-
branes and structural damage to the myelin antigen with an
increase in their permeability [15, 28]. These pores allow
ions and certain intracellular molecules to pass through the
membrane by simple diffusion and have a limited lifespan.
In addition to these cellular effects, electricity disrupts vas-
cular regulation, causing thrombosis and weakening of the
wall of small arteries, which can rupture, causing bleeding.
This risk exists during the first three days after the initial in-
jury, in contrast to the later formation of vascular aneurysmes.
Small arteries spasm due to dysregulation of the autonomic
nervous system, which also contributes to the development
of ischemia and thrombosis [28].

Brain damage from electrical frauma

Any current passing through the head can cause damage to
the central nervous system [29]. The skull has a high electri-
cal resistance, which creates a certain protection of the brain
from the effects of electricity. CNS injuries are more likely to
occur when exposed to high-voltage electricity, given that low
electric field strength is rarely sufficient to cause significant
neurological injuries [10, 15, 26]. Therefore, until recently, it
was believed that CNS damage is possible only when exposed
to high-voltage electric current. However, the spread of elec-
tric current throughout the body can occur through nerves and
blood vessels (which have low electrical resistance), causing
electrical brain injury when the head is not necessarily con-
nected to the electrical circuit [23, 24]. However, dysfunction
of the central nervous system is still considered a characteristic
feature of high-voltage electrical injuries.

The greatest neuronal damage is observed in cases with
minimal damage to the skin (the most significant amount
of current falls on internal structures) or tissues outside the
spinal cord. If the electrical path does not cross the head,
ET leads to stunning of the person or short-term amnesia,
respiratory arrest or seizures [10, 30].

There are several types of neural damage in ET, including
circulatory disorders, ischemic encephalopathy, hypoxic
encephalopathy, various dystrophic changes in the cellular
structures of the brain and intracranial hemorrhages [19].

Since the genesis of many cerebral pathologies is believed
to be vascular in nature, ischemic encephalopathy is expec-
ted in ET, and encephalopathic syndromes include confu-
sion and amnesia, seizures, hallucinations, dysphasia and
the occurrence of diffuse changes in the white matter of the
brain. Long-term complications include glioma, cerebral
atrophy, and hydrocephalus requiring surgical shunting [20,
23, 24]. Proposed mechanisms for late sequelae include va-
sospasm, neuronal ischemia, and chronic inflammation of
the vascular endothelium. Dystrophic and necrobiotic pro-
cesses develop in the cells of the cerebral cortex, subcortical
ganglia, and brainstem [15].

It is believed that in ET, hyperstimulation of glutamate
receptors in the hippocampus may interfere with long-term
potentiation. If such stimulation is of normal intensity, neu-
ronal cell death does not occur in ET, however, if the hy-
perstimulation is of significant intensity, hippocampal cell
death may occur. The relationship between glutamatergic
hyperstimulation and cortisol levels is of great importance
in the development of insulin-resistant cognitive dysfunc-
tion [23, 24]. In the context of ET, glucocorticoids may keep
glutamate receptors open for a longer time and more often
enhance glutamatergic hyperstimulation. A synergistic ef-
fect between cortisol and glutamate has also been suggested.
Provided that electricity reaches the brain, massive hyper-
stimulation occurs, affecting the excitatory neurotransmit-
ter glutamate. In this case, hippocampal dysfunction can be
expected [24].

The limited diffusion of white matter in the brain after
electric shock can be explained by the physical properties
of axons, which create a retrograde flow of energy through
extensive neuronal connections, causing symmetrical dam-
age despite the current path outside the brain projection [9].
Basal ganglia ischemia, cerebral hypoxia and anoxia are con-
sidered key mechanisms [24].

Direct or indirect effects of ET on the brain are possible,
when the traumatic brain injury is caused by the passage of
current or direct brain damage due to blunt mechanical in-
jury (or a combination of both). About 18.2 % of patients
with electrical burns had signs of brain damage, which in-
cluded concussion or even brain contusion, which was con-
firmed by the results of computed tomography. The injury
can be closed or penetrating and usually requires immediate
surgical intervention. Up to 35 % of high-voltage electric
shock victims sustained head injuries, and 9.9 % of patients
required neurosurgical treatment, including cranioplasty [8,
13, 20, 31].

There are two types of brain damage: primary thermal
effects and late (secondary) degenerative effects that occur
in the immediate anatomical proximity of vascular chan-
nels or cerebrospinal fluid pools [6, 26]. Primary damage
leads to necrosis, subsequent gliosis of neurons (replace-
ment of lost neurons with neuroglial cells). Secondary ef-
fects are caused by vascular, toxic (burn disease) and me-
chanical factors [26]. Intracranial hemorrhages of almost
all variations are observed. Many of them are associated
with a skull fracture, sometimes a certain chronicity of the
process is possible, as well as their conditionality by other
concomitant neurological pathology [8, 20, 24]. Electric
shock due to contact with a high-voltage electrical cable is
considered to be the cause of cerebrovascular hemorrhage,
with elements such as exposure to high-voltage current,
initial short-term loss of consciousness, and the presence
of scalp burns, indicating electrical damage to the area of
cerebral hemorrhage [28].

If the current passes through the skull, the generated
thermal energy causes blood coagulation in the dural sinuses
and coagulation necrosis of the brain parenchyma [26]. High
temperature causes coagulation necrosis of the endothelium
and muscular coat of brain vessels, arteries dilate, resulting in
the formation of aneurysms prone to rupture [20].
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In the vascular bed, there is hyperemia with dilation of
large vessels and capillaries, stasis phenomena, hemorrhages
into the perivascular space, into the substance and ventricles
of the brain, and the formation of epidural and subdural he-
matomas [26].

Subarachnoid and multiple perivascular and diffuse
small-focal hemorrhages are mainly located in the subcorti-
cal structures, in the walls around the III and IV ventricles
of the brain, in the diencephalon and medulla oblongata.
Traumatic and non-traumatic bleeding may occur due to
vasospasm with venous hyperemia [6]. Thrombosis of the
macro- and microcirculatory bed occurs. Vascular throm-
bosis may be associated with convulsive syndrome [20].

Electric shock can lead to ischemic stroke due to cir-
culatory disturbance or to hemorrhagic stroke due to direct
structural damage with necrosis and axonal degeneration [6].

Cerebral infarction in ET is mostly considered vascular
in origin [24]. With continuous current exposure for a certain
period of time, dyspnea and spasm of vascular smooth mus-
cles cause oxygen transport disorders and can lead to ische-
mic brain damage [20]. Brain hypoxia (hypoxic-ischemic
encephalopathy) after circulatory arrest, severe arrhythmia
or mechanical head trauma to some extent increases the risk
of acute cerebral circulatory disturbance [9]. High voltage
injuries can cause acute stroke as a result of thrombosis of
cerebral arteries and veins (to a greater extent), caused by
thermal coagulation and activation of the blood clotting pro-
cess [6].

Edema of the pia mater and brain tissue is secondary to
electric shock, affects the brain substance itself, and can also
be realized as an element of other complications [6, 8, 20].
In this case, acute intracranial hypertension often occurs
(up to 400 mm Hg) [20]. Clinically, this is manifested by
headache, meningeal symptoms with rigidity of the occipital
muscles, photophobia, positive Kernig’s sign, epileptic-like
seizures, etc. [32]. Loss of consciousness and amnesia after
household electric shock are rare (0.6 and 2.2 %, respective-
ly). An increased risk of unconsciousness and amnesia has
been identified in those victims who were exposed to electric
shock on both sides of the body compared with those who
received a unilateral electric shock, with odds ratios of 2.60
and 2.18, respectively [1, 3, 16, 21, 33—35]. Most victims re-
gain consciousness within 5 to 10 minutes of being removed
from the electrical circuit without any special measures.
However, unconsciousness can last for several hours or even
days, which is usually observed when high-voltage current
passes directly through the brain [26].

Acute CNS complications include altered mental status,
coma, amnesia, quadriplegia, and localized paresis. Motor
deficits are more common than sensory deficits [24]. Less
common complications of intracerebral trauma include
hemiplegia, aphasia, striatal symptoms (Tourette syndrome),
seizures, epilepsy, headache, and impaired memory and at-
tention [20].

Seizures can occur immediately after electrical shock
due to cortical stimulation or direct brain damage. This re-
cognized immediate complication is often attributed to elec-
trical disruption of neuronal activity [8, 36]. Patients who
experience immediate seizures following electrical trauma

are at risk for developing posttraumatic epilepsy (PTE) [15,
24, 36]. Mortality in ET-induced traumatic epilepsy is more
than 13 times higher than that in burn injuries, and in refrac-
tory status epilepticus, the risk of mortality increases over
time [11, 37].

Clinical and experimental histological studies have dem-
onstrated pyramidal cell loss, leptomeningeal lesions, de-
myelination, and axonal fragmentation, degeneration, and
necrosis [6]. Areas of brain tissue thinning, glial network
thickening, glial cell proliferation, sclerosis, and hyperchro-
mia of cortical nerve cells are found in the brain and spinal
cord [6, 26].

In some cases, it is impossible to clearly identify the
electric current stigmata during clinical examination, which
makes radiological evaluation a crucial step in the examina-
tion of these patients [9].

In encephalopathic syndromes, MRI reveals lesions sug-
gestive of cytotoxic edema. Hyperintensity has been observed
predominantly in the white matter, forming finger-like pro-
jections [30]. Encephalopathic manifestations are more
commonly seen after hypoxic injury due to cardiovascular
failure or circulatory arrest [22].

In the central nervous system, changes in brain paren-
chymal signal intensity may be reversible or permanent,
depending on the time of exposure and the voltage of the
electrical current. Imaging models can be useful in deter-
mining the possible mechanism of neuronal damage, taking
into account the distribution pattern, data on diffusion and
T2-weighted sequences, as well as subsequent imaging and
clinical development [9].

In severe cases, the central nervous system may be affec-
ted to the extent that amnesia, seizures, or apnea occur [10].

It is for the treatment of the above-mentioned conse-
quences and complications that the neurosurgeon, together
with a multidisciplinary team, plays a key role in the im-
mediate and future care of victims of electrical burns [20].

Cerebellar disorders after electrical frauma

Injuries to the cerebellum, including cerebellar ataxia,
can occur acutely or delayed as a result of electrical head
injury and general brain damage [25]. Cerebellar ataxia can
manifest as an unsteady gait (“drunken gait”), difficulties
with coordination, disequilibrium, tremors, and dysarthria
[15, 38]. There are reports of cases where previously rapid
and confused speech turned into “robotic” speech, probably
of cerebellar origin [24].

Delayed neurological syndromes, such as cerebellar ata-
xia or autonomic dysfunction, may occur weeks or months
after the initial injury due to subsequent ischemia, decreased
Purkinje cell count, or hemorrhages, as evidenced by com-
puted tomography [9, 15, 19, 36, 39].

Spinal cord injury due to electrical frauma

Spinal cord injuries are most commonly associated with di-
rect electrical current, circulatory and respiratory compromise,
and severe psychotraumatic stress. In situations where the elec-
trical current path crosses the spinal cord, which usually occurs
at the C4-C8 level (i.e., from one limb to the other), the patient
is at risk of spinal cord injury. This type of injury results in direct
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damage to the spinal cord, resulting in significant neurological
deficits [21, 27, 40]. High-voltage ET has a higher incidence
of spinal cord injury. Most often they are transverse injuries
with posterior spinal cord injury syndrome [21]. In the case
of a not very high voltage injury, typical among organic spinal
cord injuries are spinal atrophic diseases, which are caused by
electric current damage to the spinal cord in the areas of the
anterior horns and gray matter in the central canal circle, which
is accompanied by vasomotor and trophic disorders in the in-
nervated areas. Spinal atrophic processes are associated with
subarachnoid hemorrhages in the spinal cord, its focal lesions
with loss of spinal neurons and disorders of spinal conduction.
Damage to anterior horn cells is recognized as a long-term
complication of electrical injury [6, 36].

If the electrical current reaches the spinal cord and the
vessels that supply it, it can lead to hyperstimulation of glu-
tamatergic neurons, leading to the formation of free radicals
that subsequently gradually destroy endothelial cells in the
supplying blood vessels, ultimately leading to thrombosis and
death of spinal cord neurons [24]. Secondary neurological
damage can also develop due to hypoxia and subsequent
ischemia after circulatory arrest or due to vasospasm [21].

Electrical burns have several acute and chronic manifes-
tations, such as spinal cord deficits, which usually do not ap-
pear immediately, but later — after weeks or even months. In
a certain number of cases, they are reversible and temporary
[25, 35, 40]. Motor disorders occur more often than sensory
loss. Cases of acute and delayed electrospinal injuries distal
to the site of electrical contact at voltages from 75 to 75,000 V
have been described. However, no neurological deficits have
been identified immediately after ET. Signs and symptoms
sometimes debut a few days or up to 2 years after the inci-
dent, when hemiplegia or complete quadriplegia occurs. The
passage of electric current causes a “spinal cord transection”
and a Brown-Séquard-like condition with a combination of
upper and lower motor neuron symptoms |[35].

There is a fairly high probability of developing amyo-
trophic lateral sclerosis (ALS, Lou Gehrig’s disease), which
debuts a considerable time after ET (sometimes years) [20,
23, 24]. ALS and transverse myelopathy are clearly described
together with the associated demyelination syndromes. De-
velopmental delay is especially emphasized. Other associated
syndromes at the spinal level may also occur: corticospinal
paresis, anterior horn myelopathy, dystonia, muscle atrophy,
sensory disorders with vasomotor and trophic disorders, and
pelvic disorders are sometimes observed [24, 26]. Relatively
stable paralysis with sensory, motor and trophic disorders oc-
curs quite often. Thermoregulation disorders with asymmetric
temperature in different areas, disappearance of physiological
and emergence of pathological reflexes, etc. are possible.

Motor neuron disease (MND) has been widely de-
scribed, mostly as a delayed-onset syndrome. It has a strong
resemblance to ALS (some authors have identified them).
Delayed onset and slow progression seem to characte-
rize these disorders. The disease is characterized by loss of
muscle control, manifested by weakness, muscle atrophy,
and difficulty speaking, swallowing, and breathing. The
similarity between general MND and the more specific ALS
is evident in the involvement of the terminal motor neurons

in both cases [23, 24]. The features are diverse and may in-
clude ascending paralysis, amyotrophic lateral sclerosis, or
transverse myelitis [9]. Lower limb weakness may initially go
undiagnosed, especially if it is not suspected and the patient
attempts to walk [3, 6, 7]. MRI findings are used to con-
firm diagnoses [24]. However, with few exceptions, imaging
studies in the early post-ET period usually do not reveal any
evidence of structural brain damage [23].

These delayed neurological syndromes can complicate
the recovery process and create additional challenges for
treatment. Complete neurological recovery is rare in patients
with electrical spinal cord injuries [36].

Given the magnitude of the neurological sequelae fol-
lowing electrical accidents, the mechanisms underlying
these symptoms require further investigation [41].

Conclusions

1. The leading mechanisms of development of neuro-
logical electrotrauma are electroporation, vascular trauma,
demyelination and release of thermal energy.

2. Brain damage in electrical trauma is possible even
when the head is not in a direct electrical circuit.

3. The mechanisms of development of delayed neuro-
logical complications are currently not fully understood.
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Kpaseup O.B., €xanos B.B., [op6yHLI0B B.B.

AHIMPOBChKA AEPXXQABHM MEANYHNM YHIBEPCUTET, M. AHIMPO, YkpQiHa

LleHTpAAbHi HEBPOAOTiYHi YLLKOAXKEHHS MPU eAEKTPOTPABMI (OrASIA)

Pesiome. Axmyaavnicms. YiikoakeHHs UeHTPalIbHOI, Nepy-
¢epuuHOi Ta BereTaTMBHOI HEPBOBOI CUCTEMU € MPOBITHUMU
yckitaaHeHHs MU etektpudaHoi TpaBmu (ET). 36ip dokasie. 3po-
0JIEHO peTPOCTEKTUBHUN iH(OPMATUBHUI MOIIYK i3 BUKOPHUC-
TaHHSIM ITPOCTOPOBO-BEKTOPHOI OIMMCOBOI MOJIEI, 1110 Oyia A0-
MOBHEHA PYYHUM IMOLIYKOM BiANOBiAHUX cTareil. Biniopano 42
CY4YaCcHHMX JIITepaTypHUX JKepesia 3a octaHHi 10 pokiB, 3 IKHX
76,2 % — 3a ocranHi 5 pokiB. Cunmes doka3zie. IIpoBiTHUMU Me-
XaHi3MaMU PO3BUTKY HEBPOJIOTIYHOI €JIEKTPOTPABMHU € €JIEKTPO-
nopatlist, CyIMHHE YIIKOKSHHSI, IeMi€TiHi3a1lisl Ta BUBIIbHEHHS
TepPMIYHOI eHePTii, IKa CIPUYNHSIE PYWHYBAHHS MAaKPOMOJICKYJI.
Tomy 3amponoHoOBaHi Teopii MPUYMHHO-HACIIIKOBOIO 3B’3KY,
aJpTepHATUBHA I HEliporymopasibHa rinore3u. IcHye KiabKa TH-
B HEPBOBOTO YIIKOMKeHHS Tipu ET, BKIIFOUHO 3 IMPKYJISITOP-
HUMU TOPYILIEHHSIMU, ilIeMiYHOIO, TIMMOKCUYHOIO eHIledanomna-
Ti€l0, Pi3HUMU AUCTPOGDIYHUMU 3MiHAMU KIITUHHUX CTPYKTYP
MO3KY Ta BHYTPilIHbOUEPEMHUMHU KpoBOoBUWIMBaMU. Haiibinbiie
YILKO/KEHHSI HEMPOHIB CIIOCTEpiraeThesl Mpu MiHiMasIbHil TpaB-
Mi WIKipu (HaiBarowiia KiJbKiCTh CTPYMY IIpUIIada€ Ha BHY-
TPIillIHi CTPYKTYpH). MOXIUBI NpsiMuii a00 Henpsimuit BIiuB ET
Ha TOJIOBHU I MO30K, KOJIM YePEITHO-MO3KOBa TpaBMa BUKJIMKaHa
MPOXOIKEHHIM CTPYMY a00 MPSIMUM YIITKOIKEHHSIM MO3KY BHa-
CITZIOK TYTOi MeXaHiYHOi TpaBMU (200 MpU MOEAHAHHI 000X Ba-
piaHTiB). YpaxXeHHsI eJIEKTPUYHUM CTPYMOM MOKe ITPU3BECTU 10

ilIEeMiYHOTO 1HCYJIBTY Yepe3 MOpPYIIeHHsI KpOBOOOiry abo mo re-
MOpariyHOro — yepes MpsiMe CTPYKTYPHE YITKOXKEHHS 3 HEKPO-
30M Ta aKCOHAJIbHOIO JeTeHepallieto. [ocTpi yckimagHeHHS 3 00Ky
LIEHTPAJIbHOI HEPBOBOI CUCTEMU BKJIIOYAIOTh 3MiHU MCUXIYHOTO
cTaTycy, KOMY, aMHE3i10, KBaJIpUIUIETIIO Ta JJOKAJIi30BaHUIi rapes.
MoTopHi mopylIeHHs BAHUKAIOTh YacCTillle, HiXK CEHCOPHUIA Je-
¢imut. BincTpoueHi HEBPOIOTiUHI CMHAPOMM, SIK-OT MO30YKOBa
arakcist abo BereTaTMBHA AUCGHYHKILISI, MOXYTb CIIOCTepiraTucs
yepes THUXKHI abo Micsiii micjsi MepBUHHOI TPaBMM BHACIII0K
PO3BUTKY MTOAAIBIIO] illleMii, 3MEHIIEHHS KiTbKOCTi KiiThH ITyp-
KiHb€ 200 HasIBHOCTiI KPOBOBMJIMBIB. ¥ CHUTYyaIlisIX, KOJU IILISX
€JIEKTPUYHOTO CTPYMY NMEPETUHAE CIIMHHUI MO30K, 110 3a3BUYaii
BimOyBaeThcst Ha piBHI C4-C8 (TOOTO Bim OHIET KiHIIIBKM 10 iH-
1101), MAIliEHT Ma€ PU3UK YPaKeHHS] CIMHHOTO MO3KYy. Lleit Tum
TPaBMU MPU3BOAUTH 10 MOTO MPSIMOTO YIIKOAXEHHS, L0 CIIPU-
YUHSE 3HaYHI HEBPOJIOTiYHI posnanu. Bucnoexu. I1poBigHUMMI
MexaHi3MaMu po3BUTKY HeBposoriuHoi ET € enexkrponopauis,
CyIWHHA TpaBMa, IeMi€JliHi3allisl Ta BUBUILHEHHS TePMidHOI
eHeprii. YpaxkeHHs roioBHoro Mmo3kKy npu ET mMoxiuBe, HaBiTh
KOJIW TOJIOBA HE 3HAXOIMTHCS B MIPSIMOMY €JICKTPUYHOMY KOJIi.
MexaHi3M¥1 pO3BUTKY BiICTPOYCHUX HEBPOJIOTIYHUX YCKITATHEHb
MOKMY 110 LIJIKOM HE 3’SICOBaHi.

Ki110490Bi ci10Ba: enexrpuyna TpaBMa; TONOBHUIA MO30K; MO30-
YOK; CIIMHHUM MO30K; TaTo(di3i0710Tis; OrIsig
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