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Peripheral nervous system damage
following electrical injury (review)

Electrical injury can lead to neurological consequences in affected individuals. Retrospective cohort studies
have shown that in approximately 40 % of cases of high-voltage electrical injury, peripheral nerve conduction
parameters were abnormal.

Evidence collection. A retrospective literature search was conducted using a spatial vector descriptive model,
supplemented by manual identification of relevant articles. A total of 37 recent sources were included, of which 91.9 %
were published within the last 10 years and 78.4 % within the last 5 years.

Evidence synthesis. Disorders of the peripheral nervous system account forapproximately 90 % of the neurological
consequences of electrical injury and, according to reports from burn units, significantly exceed those observed after
thermal injuries. The most common complication is mononeuropathy (including carpal tunnel syndrome), while
polyneuropathy and polyradiculopathy occur less frequently. Electrical burns cause both direct nerve damage and
indirect injury due to post-traumatic edema. Electrical injury may result in nerve paralysis caused by peripheral nerve
damage. Partial or complete loss of peripheral nerve function, typically limited to the area of local contact, is usually
temporary, and full recovery can be expected if the nerve is not affected by local tissue injury. Peripheral nervous
system involvement is commmon and affects both sensory and motor functions. Immediate symptoms often resolve and
have a more favorable prognosis than delayed manifestations. Sensory dysfunction may be associated with damage
to sensory nerve endings. Autonomic disorders affer electrical injury occur in approximately 60 % of patients with
both high- and low-voltage injuries. Clinical manifestations may include tachycardia, significant fluctuations in blood
pressure, headache, anxiety, hyperhidrosis, gastrointestinal disturbances, sleep disturbances, and dyspnea. Chronic
neuropathic pain (allodynia) occurs in some patients, and accurate epidemiological data are currently lacking. Some
patients may report intermittent discomfort or abnormal sensations without obvious physical injury, whereas others
develop severe pain associated with evident tissue damage.

Conclusions. Complications affecting the peripheral nervous system may occur immediately after the injury or
after a prolonged period. They are difficult to diagnose and significantly reduce patients” quality of life. Timely nerve
decompression procedures improve treatment outcomes.

Keywords: electrical trauma, peripheral nervous system, autonomic nervous system, allodynia.

lectrical injuries (El) can have neurological con-

sequences for victims. Although the literature on
the neurological complications of El is limited to retro-
spective studies, case series, and studies of selected
patient groups, preliminary findings provide some
evidence for an association between El and periph-
eral nervous system diseases and symptoms (e.g.,
sensory loss, neuropathy, and muscle weakness)
[25]. Electrical injuries can cause long-term damage
to both the central and peripheral nervous systems,
which is less predictable [19, 30, 36].

Retrospective cohort studies have found that
approximately 40 % of high-voltage electric shock
cases had abnormal peripheral nerve conduction
parameters such as decreased skin sensation, mono-
neuropathy, and polyneuropathy that persisted for
6 months or more after the injury [20, 30, 35].

Evidence collection

Selected literature sources were included in the
study if they: (1) were published in Ukrainian or
English; (2) reported on acute functional and mor-
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phological damage to the peripheral and autonomic
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 supplemented by a manual search
of relevant articles. 37 modern literature sources
were selected, of which 91.9 % — in the last 10 years,
78.4 % — in the last 5 years.

Evidence synthesis

Peripheral nervous system disorders account for
about 90 % of the neurological consequences of El,
which, according to reports from combustiological
departments, significantly exceed similar ones after
thermal injuries. Most of these are high-voltage elec-
trical burns [25].

Peripheral nerves are primarily conductive due to
their low resistance compared to other tissues, mak-
ing them susceptible to injury from electrical burns
[1, 6]. Indeed, nerves are the most sensitive organ
to electrical burns due to their low resistance to the
passage of electrical current. They therefore serve
as much better natural conductors of electricity than
skin, muscle, and bone [1, 2, 13, 14, 16, 24]. There-
fore, current can pass through the body in the absence
of an accompanying skin burn. Electrical burns cause
direct damage to the nerve as well as indirect damage
through the formation of post-traumatic edema [1].

The most common complication of electrical neu-
rotrauma is mononeuropathy (including carpal tunnel
syndrome), followed by polyneuropathy and polyra-
diculopathy [23].

Neuropathy has been documented since the
1970s and is considered the most common and
disabling complication of electrical burns. However,
these neuropathies are often underdiagnosed or ig-
nored. The prevalence of neuropathies after El varies
considerably, ranging from 2 to 84 %, with an average
of 13.5%[1, 8, 33].

Electricity causes myelin damage through direct
effects and through damage to the vascular endo-
thelium, leading to impaired blood supply to the
nerves [13]. Compartments often compress nerves
and contribute to the progression of peripheral neu-
ropathy [18]. The mechanism of peripheral neuropa-
thy involves axonal damage, resulting in both motor
and sensory deficits. High-voltage electrical trauma
can affect peripheral nerves, primarily causing axonal
rather than demyelinating damage [7, 20]. Vascular
and nerve damage caused by electrical trauma trig-
gers the progressive development of necrosis [27].

Mononeuropathy usually affects individual nerves
of the upper extremities, but is not limited to them,
as these are common points of current entry. Me-
dian and ulnar neuropathies can be secondary to
long-bone fractures [24]. The nature of the injury is
important, as many patients complain of paresthesia

or persistent numbness at the points of entry and
exit of the electrical current, which is quite common.
Neurological symptoms are thought to arise from
structural lesions such as hemorrhage, edema, or
chromatolysis of pyramidal cells. However, organic
damage cannot explain the delayed onset of symp-
toms, which sometimes appear days or years after
El [12, 32, 34]. Typical symptoms include numbness
and tingling sensations (paresthesia). Paresthesia
may be transient and may develop suddenly or gradu-
ally after contact with an electrical source [2, 14, 16].
This rare complication of El can be easily overlooked
or misdiagnosed as neuropraxia, which can delay
appropriate treatment [3]. Electrical injury results in
nerve palsies caused by a variety of peripheral nerve
lesions [16]. The ulnar, median, and radial nerves
have the highest incidence of persistent dysfunction.
Median and/or ulnar nerve palsies following El are
rare but devastating [8].

Partial or complete loss of peripheral nerve func-
tion, mostly confined to the area of local contact, is usu-
ally temporary, and full recovery can be expected un-
less the nerve is involved in local tissue damage [25].

Carpal tunnel syndrome is a fairly common mono-
neuropathy that occurs with electrical burns [1]. The
wrist has an awkward anatomy where low-resistance
tissues are affected by high-resistance tissues such
as bone and tendon. The generation of high heat
from the inside out causes the wrist area to conduct
electrical current more than other parts of the body
[8]. Carpal tunnel syndrome is a pathology of burn
victims with serious functional consequences, as it is
often ignored and treated late. Early clinical and elec-
tromyographic diagnosis is essential to ensure surgi-
cal treatment before irreversible intraneural damage
occurs. Ultrasound may be useful for early detection
of median nerve injury at the wrist when electromyog-
raphy is not possible, and to rule out other underly-
ing etiologies for carpal tunnel syndrome following
electrical burns. If the diagnosis is confirmed, prompt
surgical release of the nerve may be considered to
avoid the development of irreversible intraneuronal
ischemic lesions [1]. Immediate decompression with
fasciotomy and carpal tunnel release appears to be
the most promising treatment option. Loss of neuro-
logical function can be avoided if the median nerve is
released [8]. Acute and chronic pain from electrical
burns may mask symptoms of tunnel neuropathy.
Median nerve injury at the wrist is the most common
burn neuropathy, followed by ulnar nerve injury [1].
Electrical injuries can affect the function of the hu-
man hand in terms of reducing self-esteem of hand
function, manual dexterity and tactile gnosis [30].

Polyneuropathy is associated with direct dam-
age to peripheral nerves at the points of entry or exit
of electric current, or with a polyneuritic syndrome
involving nerves located distant from the points of
contact. Various combinations of lesions of the me-
dian, ulnar, radial, sciatic and femoral nerves and

YKPAIHCbKWUA HEBPOJIOTIYHUM XYPHAN -

2026, N21



ornafu | REVIEWS

YKPATHCbKUA HEBPOJIOTIYHUMA XYPHAN -

their more distant branches are observed [4, 25].
The localization of the damage may be completely
outside the limits of that diagnosed in neure injuries
or may be limited to neuromuscular synapses, which
explains the occurrence of muscle weakness and,
above all, rapid fatigue.

Polyradiculopathy is characterized by the involve-
ment of multiple spinal nerve roots where there are
multiple points of electrical current entry. This patho-
logical condition manifests as numbness, tingling,
pain, or muscle weakness in the areas innervated by
the affected nerves. Causes may include mechanical
compression (compartment syndrome), edema, or
degenerative changes in the nerves [4, 25].

Peripheral nervous system involvement is quite
common, both sensory and motor. Immediate symp-
toms are often reversible and have a better prognosis
than late effects [12]. In a Canadian multicenter study
of patients who had previously experienced electric
shock, 9 % of respondents reported muscle weak-
ness, 6 % reported tingling in the extremities, and 9 %
reported numbness in the extremities within one year
after EI [23, 25].

Sensory dysfunction may be associated with dam-
age to sensory nerve endings [4]. The deficit may be
patchy, with sensory deficits not corresponding to
motor changes and being distributed unevenly [11,
17, 21, 26]. Sensory impairments are often accom-
panied by pain, numbness, and/or paresthesia along
the path of the current [4]. They may develop in the
affected limb for a long time after the initial injury.
These symptoms are the result of incomplete nerve
regeneration or permanent nerve damage, requir-
ing long-term pain management. In addition, muscle
weakness and atrophy may persist due to irreversible
damage to peripheral nerves or muscle tissue. In
deep burns involving nerve trunks, the prognosis for
recovery is poor, and complete loss of nerve function
is quite common. Electrical injuries can result in long-
term motor deficits and muscle weakness, requiring
significant rehabilitation efforts. Rehabilitation and
physiotherapy are crucial for the treatment of these
complications, although some patients never fully
recover [31].

Causalgia is a complex regional pain syndrome
type | (Sudek’s syndrome), characterized by intense
burning pain in the area of the affected nerve, which
may be accompanied by autonomic and trophic (pain-
ful ischemia) disorders, edema, changes in skin tem-
perature and color, limited mobility and stiffness in the
affected limb (usually the upper limb), which is caused
by damage to peripheral nerves due to electrical cur-
rent or repeated surgical interventions. It is diagnosed
on the basis of clinical criteria and determination of
nerve damage using electroneuromyography.

Histopathological findings include focal petechial
hemorrhages, perivascular space dilation, peripheral
neuronal fragmentation, vascular damage, and bal-
looning myelin sheath dilation [23]. Degenerative
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changes are seen in peripheral nerves at both the
input and output zones and in distant areas [22].

Whenever a neurodeficit is identified, appropriate
investigation is warranted to exclude contributing fac-
tors (compartment syndrome).

Fasciotomy and nerve decompression are associ-
ated with improved peripheral nerve function in the
long term. Patients who underwent fasciotomy had
significantly lower rates of peripheral neuropathy than
those who did not (odds 45 vs 92 %, p < 0.0001) [6].

Autonomic dysfunction after electrical trauma
occurs in approximately 60 % of victims of high- and
low-voltage electrical trauma [30].

El victims are prone to autonomic neuropathy
and sympathetic skin response disorders. Delayed
autonomic dysfunction can occur weeks or months
after the initial injury [31]. Symptoms can be diverse,
including tachycardia, significant blood pressure fluc-
tuations, headache, anxiety, hyperhidrosis, gastroin-
testinal problems, dyssomnia (sleep disturbances),
and shortness of breath.

Arrhythmias are a direct consequence of electrical
trauma. The combination of persistent sinus tachy-
cardia and episodes of increased sweating or chills,
acute persistent hypertension, and psychomotor agi-
tation suggests a central hyperadrenergic state with
the addition of autonomic surge. Abnormal results of
autonomic function tests, significantly elevated plas-
ma and urine noradrenaline levels (in the absence
of pheochromocytoma), and a striking response to
clonidine (0.4 mg/day) with plasma noradrenaline
returning to normal within one week of treatment sup-
port this assumption [4, 22, 28].

Claude Bernard—Horner syndrome (oculosympa-
thetic syndrome) is a pathological condition caused
by dysfunction of the sympathetic nervous system
after El [4]. It is accompanied by blepharoptosis,
sometimes with slight elevation of the lower eyelid
(«inverted ptosis»), miosis, enophthalmos, dyshidro-
sis, decreased ciliospinal reflex (reaction to skin irrita-
tion in the neck area, manifested by pupil dilation),
injection of conjunctival vessels, and hyperemia of
the facial skin on the affected side.

Keraunoparalysis (Charcot’s palsy) is a tempo-
rary syndrome that lasts several hours after a high-
voltage, electric arc, or lightning strike. It occurs in
the limb along the path of the current and is associ-
ated with vascular spasm in this area due to a burst
of catecholamine release. The limb becomes cold,
pale, numb, and the pulse is not determined, which
is sometimes confused with compartment syndrome.
High-voltage El produces various forms of paralysis:
flaccid or spastic; temporary or prolonged; immediate
or delayed; paraplegia or quadriplegia; unilateral or
bilateral [4, 24]. As a rule, acute paralysis is mostly
reversible, but delayed paralysis can be debilitating
and lead to only partial recovery [4, 18].

Bladder dysfunction is a neurourological conse-
quence of El to the spinal cord or brain, or is under-
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stood as an independent consequence of electric
shock [36].

Sexual dysfunction is manifested by reduced libido
and impotence [9, 34].

Delayed lesions of the autonomic nervous system,
as well as complex regional pain syndromes, may also
include changes in skin temperature and color, burn-
ing and skin sensitivity, edema, motor and autonomic
disorders [4, 5].

Movement disorders have been reported, and the
differentiation between them as central and peripher-
al syndromes is emphasized. In particular, parkinson-
ism, choreoathetosis (combining chorea with rapid
chaotic movements and athetosis with slow «twist-
ing» movements), dystonia, myoclonus, and cerebral
tremor are defined. Electrical origin of myoclonus has
been reported, as well as demyelination [4].

Chronic neuropathic pain (allodynia) occurs in
a proportion of electrocuted individuals, although
accurate statistics are not available. Some patients
may complain of intermittent discomfort without any
apparent physical damage, whereas other complica-
tions may present with severe pain with obvious tis-
sue damage [37].

Pain is a common and complex complaint follo-
wing El. It is often multifactorial and appears dis-
proportionate to any measurable neuropathy [34].
Post-traumatic pain results from both direct El and
secondary injuries from fractures, dislocations, and
falls. Thus, pain management is of paramount impor-
tance in El and its sequelae [15].

With significant destruction, all extero- and intero-
receptors close to the lesion area instantly die (burn
out) and as a result the reflex component drops out.
Therefore, the pain is more intense in the low voltage
group than in the high voltage group [10, 30].

People with a history of nonspecific El are at
increased risk of being diagnosed with unspecified
pain or undiagnosed soft tissue disorders. The risk of
nonspecific pain is related to the severity of the injury
in both the short and long term. Patients who were
hospitalized for more than 1 day had a significantly
higher risk of developing nonspecific pain compared
with controls. The risk of developing pain as a long-
term sequelae is related to the severity of neurogenic

There is no conflict of interest.

pain. Pain as a long-term sequelae of El was reported
by 8 % of the study population during the 1-year
follow-up. Approximately 10 % of professional elec-
tricians with a history of unspecified injury reported
persistent pain and muscle disorders 1 to 45 years
after the injury [29].

Pain as a long-term or delayed physiological con-
sequence of El can sometimes be overlooked, espe-
cially after neuronal damage with less pronounced
immediate physiological symptoms. This group of
patients presents with various forms of pain that are
very difficult for the physician to associate with a spe-
cific clinical diagnosis. Patients who have sustained
persistent low-voltage nerve damage are often re-
ferred for specialized consultations and examinations
that are usually ineffective in diagnosing long-term
conditions. This may be because the effects of El are
similar to many other conditions, so specialists per-
form examinations that are unable to detect organic
changes. Thus, these patients are often examined by
specialists from different medical specialties and as
a result, they are given unspecified diagnoses due to
the lack of objective data and positive clinical tests.
More than 95 % of diagnoses, such as «chronic pain
of unknown etiology» or «pain in the arm (leg)», could
not be confirmed by repeated examination. This is
due to the fact that many clinical symptoms are not
sufficiently recognized by the medical community as
consequences of electric shock [29].

The literature notes that many patients do not ex-
perience satisfactory pain relief after electric shock,
regardless of treatment, but a combination of somatic
and psychosocial methods leads to quite favorable
results [34].

Conclusions

1. Peripheral nervous system complications of elec-
tric shock can debut immediately after the inci-
dent or after a long time.

2. Peripheral nervous system damage in El is quite
difficult to diagnose.

3. Peripheral nervous system complications of El
significantly impair the quality of life of patients.

4. Timely performed nerve decompression tech-
niques improve treatment outcomes.

Contribution of the authors: conceptualization, writing the original text — O.V. Kravets, V.V. Yekhalov;

editing, translatio — V.V. Gorbuntsov.
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AHINPOBCHKUN ASPIKABHUIN MEAVYHUIA YHIBEPCUTET, AHINPO

Ywkoa)XeHHs nepudpepuUyHOi HepPBOBOT CUCTEMU NPU €AEKTPOTPABMI
(orasiA AiTepartypm)

YPOXKEHHST EAEKTPUYHVM CTPYMOM MOXYTb MATU HEBPOAOTHYHI HOCAIAKM AAST MOCTPOXKACANX. KOropTHI peTpo-
CMNEKTVBHI AOCAIAKEHHST BUSBUAW, LLO B BAM3BKO 40 % BUMOAKIB YOOHKEHHST EAEKTPUYHVM CTPYMOM BUCOKOI HAMPYr
MOKA3HWKM NeprdepnYHOI HEPBOBOT MPOBIAHOCTI BYAV GHOMOABHUMN.

36ip AOKA3iB. [POBEAEHO PETPOCMEKTUBHNIA NOLLYK IHGOPMALLi 3 BUKOPUCTAHHSIM MPOCTOPOBO-BEKTOPHOI OMnui-
COBOI MOAEAI, AOMOBHEHOI PYYHUM MOLLIYKOM BIAMOBIAHWX CTATEN. BIAIBPAHO 37 CYHACHWX AITEPATYPHUX AXKEPEA, 3 HUX
91,9 % — 3a octaHHix 10 pokis, 78,4 % — 30 OCTAHHIX 5 POKiB.

CunHTes AoKasiB. Ha nopyLUeHHs1 3 60Ky nepudepryHOi HEPBOBOI cUCTEMM NPUNAACE BAM3LKO 90 % HEBPO-
AOTYHMX HOCAIAKIB €AEKTPOTPOBMM, LLO, 3A 3BITAMU KOMOYCTIOAOMNYHMX BIAAIAEHDb, 3HAYHO MEPEBULLYIOTb TOKI MICASI
TEPMIYHMNX TPOBM. HaMMOLLMPEHILLNM YCKAOAHEHHSIM EAEKTPUYHOT HEMPOTPOBMM € MOHOHEMPOMNATIS (3OKPEMA CUHA-
POM 30" gCTKOBOrO (KOPMAABHOIO) KAHOAY), PiALLe TRAMASIKOTECS MOAIHEVPOMATIS TA MOAIPDOANKYAONATIS. EASKTOUYHI
OnMiK CMPUYMHSIIOTE MPSIMI MOLLKOAXKEHHST HEPBA, O TAKOX HEMPSIMI MOLLKOAXEHHST Yepes YTBOPEHHST MOCTTPABMATAY-
HOro HABPSIKY. HOCAIAKOM €AEKTPUYHOI! TPOBMW € MAPAAIY HEPBIB, 3yMOBAEHUIN YOOYKEHHSIMM NePUdEpPUYHUX HEPBIB.
YacTtkoBa abo NMoBHA BTPATA GYHKLIM NepUdEPUYHOro HEPBA, SIKA MEPEBAXHO OBMEXKYETLCS AIATHKOK AOKOABHOMO
KOHTAKTY, 3A3BNYAN € TMMYOCOBOIO, i MOXHQA O4iKyBATW MOBHOTO BIAHOBAEHHS, SIKLLO HEPB HE 3AAYYEHUIN AO MOLLKOA-
YKEHHST MICUEBUX TKOHMH. YPOXKEHHST NepUdEpnYHOi HEPBOBOI CUCTEMM MOLUMPEHE gBULLE 3 BOKY $IK CEHCOPHOI,
TAK i MOTOPHOI CUCTEMU. HEramHi CUMMNTOMM YOCTO MUHQKOTb | MQAKOTb KPALWM MPOMHO3, HK BIAAOAEHI HACAIAKN.
CeHCOpHO ANCOYHKLIST MOXKE BYTM MOB’I3AHA 3 MOLUKOAYKEHHSIM YYTAMBMX HEPBOBKMX 3AKIHYEHb. BEreTaTmBHi PO3AOAN
MICAS1 EAEKTPOTPABMY TPAMASIKOTLCST B 6AM3BKO 60 % MOCTPKAQAMX Bia BUCOKOBOABTHOI TA HU3bKOBOABTHOI EAEKTPO-
TPOBMU. CUMATOMK MOXKYTb BYTN PIBHOMAHITHUMK (TOXIKAPAIS, 3HOYHI KOAVMBAHHS QPTEPIAABHOTO TUCKY, FOAOBHUIN BiAb,
TPVBOXKHICT, MNepripp03, NPOBAEMA 3i LLUAYHKOBO-KMLLIKOBVM TPAKTOM, AMCOMHIST (MOPYLUEHHST CHY) TA BIAYYTTSI HECTAuI
MOBITPSY). XPOHIYHUM HEMPOMNATUYHUIA BiAb (OAOAMHIS) BUHMKOAE B YACTUHMU YPOHKEHUX EAEKTPUYHUM CTPYMOM. TOYHUX
CTATUCTUYHUX AQHWX LOAO LIET NATOAOTI He iCHYE. AesIKi NALJEHTU MOXYTb CKAPXKUTACS HO NMEPIOANYHI HEMPUEMHI
BIAYYTTS1 63 BYAb-SIKUX FBHUX DI3UYHMX MOLLKOAXKEHD, IHLLI YCKAGAHEHHST MOXXYTb BUSIBASITUCS CUABHUM BOAEM i3 SIBHVM
MOLLUKOAYKEHHSIM TKAHWH.

BUCHOBKW. YCKAQAHEHHSI EAEKTROTROBMM 3 6OKY NEPUGEPUYHOT HEPBOBOI CUCTEMM MOXKYTb AEBIOTYBATN OAPO-
3y MICASI IHLUMAEHTY B0 Yepes TOMBOAUM YAC, iX CKAGAHO AIQrHOCTYBATK, BOHW 3HAYHO 3HWKYHOTb SIKICTb YKATTSI MOLEHTIB.
CBOEYACHO BMKOHAOHI MPUNOMM AEKOMMPECIT HEPBIB MOAIMLLYIOTL PE3YABTATU AIKYBAHHSI.

KAIO4OBiI CAOBQ: ENEKTPOTROBMA, NEpUdEPUYHA HEPBOBA CUCTEMA, BEFETATVIBHA HEPBOBA CUCTEMA, OAOAMHIS.
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