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Abstract. Background. Electrical injuries are among the most common public health problems and are frequently 
associated with high morbidity and mortality. Evidence acquisition. Literature sources were included in the study 
if they: 1) were published in Ukrainian, Spanish, or English; 2) reported on cardiac arrhythmias associated with 
electrical injury; 3) provided data on the prevalence of cardiac arrhythmias in electrical injury; 4) used an obser-
vational study design (cohort or cross-sectional). A retrospective literature search was conducted using a spatial-
vector descriptive model, supplemented by a manual review of the referenced articles. Evidence synthesis. The heart 
is affected more frequently than other internal organs because electrical current usually follows the path of least 
resistance in the body — along blood vessels and nerves, toward the heart. Extensive surface burns and a vertical 
current pathway through the torso indicate an increased risk of cardiac damage. The most common manifestation of 
cardiac injury due to electrical exposure is arrhythmia, which typically occurs immediately after the electric shock. 
Conduction disturbances may result from alterations in myocytes surrounding the sinoatrial and atrioventricular 
nodes and are not necessarily related to myocardial ischemia or arterial injury. The most frequent ECG findings 
upon hospital admission were sinus bradycardia and sinus tachycardia. Other documented arrhythmias included 
newly diagnosed atrial fibrillation, frequent multifocal atrial complexes, sinus node arrest with atrial escape rhythm, 
prehospital-resolved ventricular fibrillation, ventricular bigeminy, and recurrent nonsustained ventricular tachycar-
dia. Arrhythmias caused by electrical injury are mostly functional in nature, generally benign, and tend to resolve 
within the first few hours after hospitalization. Ventricular fibrillation is the most common fatal arrhythmia, occur-
ring in 60 % of patients in whom the electrical current passes transthoracically. Alternating current has a greater 
propensity to induce ventricular fibrillation, whereas direct current more often causes asystole. Conclusions. Cardiac 
arrhythmias are the leading and most dangerous complications of electrical injury. Their incidence is directly de-
pendent on the characteristics of the electrical current, its pathway through the body, the duration of exposure, body 
mass, and the extent of myocardial structural damage. In some cases, arrhythmias resulting from electrical injury 
may resolve spontaneously. Cardiac arrhythmias following electrical trauma can also occur in a delayed manner. 
Timely resuscitation measures can restore normal cardiac rhythm.
Keywords: electrical current; electrical injury; current pathways through the body; arrhythmias; pathophysiology

Introduction
Electrical injuries (EI) are among the most common 

public health problems and are frequently associated with 
high morbidity and mortality. In survivors, particular con-
cern arises from cardiac involvement and the risk of delayed 
cardiovascular complications. Patients with electrical injuries 
are considered to be at high risk of developing cardiac ar-
rhythmias. Due to the limited number of studies, there are no 
universally accepted guidelines for assessing risk or managing 
arrhythmic complications following electrical trauma [1].

Evidence acquisition
Literature sources were included in the study if they: 1) 

were published in Ukrainian, Spanish, or English; 2) repor
ted on cardiac arrhythmias associated with EI; 3) provided 
data on the prevalence of cardiac arrhythmias in electrical 
injury; and 4) used an observational design (cohort or cross-
sectional). A retrospective literature search was conducted 
using a spatial-vector descriptive model, supplemented by 
a manual review of referenced articles. A total of 41 sources 
were selected, 97.6 % were published within the past 10 years.
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Evidence synthesis
Damage to the cardiovascular system correlates with the 

pathway of the electrical current [2]. Transthoracic current 
flow can lead to cardiac complications, manifested primarily 
as arrhythmias, conduction disturbances, and myocardial 
tissue injury, largely depending on the intensity of the cur-
rent [1, 3, 4]. The heart is affected more frequently than 
other internal organs because electrical current typically 
follows the path of least resistance in the body — along blood 
vessels and nerves, directing the flow toward the heart [5]. 
The extensive network of neural fibers throughout the heart, 
together with the conductivity of the blood passing through 
its chambers, makes it particularly vulnerable to EI [6]. Its 
central anatomical location within the thoracic cavity also 
exposes the heart to currents flowing both horizontally (from 
hand to hand) and vertically (from head to foot or from hand 
to foot), increasing the probability of pathological cardiovas-
cular effects [2, 5, 7, 8].

The current typically flows from the point of contact with 
the electrical source to the exit point through tissues offering 
the least resistance. Extensive surface burns and a vertical 
current pathway through the torso indicate an increased risk 
of cardiac damage [4, 9–11].

Dextrocardia, a heart defect first described in the early 
17th century, is characterized by right-sided positioning of 
the heart with the base-apex axis directed to the right. It is a 
very rare condition, with an incidence of approximately 1 in 
12,000 cases [12]. In such an anomaly, the current pathway 
“right hand — right foot” poses a greater risk than under 
normal anatomical conditions [13, 14].

An external electrical current cannot interfere with the 
generation of cardiac impulses unless it is straightly directed 
toward the heart (the lower loop of electrical current) [15].

The most common manifestation of cardiac injury result-
ing from electrical exposure is arrhythmia, which usually 
occurs immediately after EI [2, 3, 11, 16–18]. The severity 
of cardiac involvement ranges from harmless transient sinus 
tachycardia to fatal ventricular arrhythmias and severe con-
duction disturbances that, in some cases, require permanent 
pacemaker implantation [2]. Arrhythmias caused by EI are 
mostly functional [19], generally benign, and tend to resolve 
within the first few hours after hospitalization [2, 20, 21]. 
Many individuals affected by EI experience palpitations, 
which is often the reason for seeking emergency medical care 
[11]. Electrocardiographic abnormalities of varying severity 
are detected in 10–20 % of patients admitted after EI [20, 
22], while cardiac rhythm disturbances occur in approxi-
mately 14 % of cases [17]. Some arrhythmias are incidentally 
detected in about 3 % of patients under continuous cardiac 
monitoring following EI [12].

Low-voltage household alternating current is considered 
quite dysrhythmogenic and may induce ventricular arrhyth-
mias [21]. However, clinically significant arrhythmias after 
low-voltage exposure are rare and often resolve spontane-
ously without medical intervention [3, 9, 23].

The pathogenesis of cardiac arrhythmias remains un-
clear and is likely multifactorial. Myocardial necrosis, al-
tered concentrations of sodium, potassium, and adenosine 
triphosphate, as well as changes in cardiomyocyte mem-
brane permeability act as trigger factors for both fatal and 

non-fatal arrhythmias [3]. Potential predisposing factors for 
fatal arrhythmias include a reduction in Purkinje fibers, the 
formation of large and focal areas of myocardial necrosis 
(cardiomyolysis), and necrosis of vascular smooth muscle 
cells in the coronary arteries [24].

Conduction disturbances may result from alterations in 
cardiomyocytes surrounding the sinoatrial and atrioventricu-
lar nodes and are not necessarily associated with myocardial 
ischemia or arterial injury [21]. The arrhythmogenic effects 
of EI are therefore not considered primarily due to myocar-
dial necrosis. However, histopathological findings indicate 
that the most common microscopic feature in victims of EI 
is myofibrillar rupture, which leads to heterogeneity within 
the heart’s electrical conduction system [1].

Typical flash or thermal burns may be considered a “dis-
tracting injury”, which can cause the clinician to overlook 
or underestimate a potentially dangerous arrhythmia [23].

Among patients presenting to emergency departments 
after EI, the diagnosed arrhythmias include supraventricu-
lar (sinus arrhythmia, tachycardia and bradycardia, atrial 
extrasystoles, or atrial fibrillation) and ventricular arrhyth-
mias (ventricular extrasystoles, tachycardia, or fibrillation) 
[5, 8, 9, 11, 12, 19–21, 25–27]. Supraventricular arrhyth-
mias are less common than ventricular arrhythmias follo
wing EI [28].

The most frequent ECG abnormalities on hospital ad-
mission were sinus bradycardia (< 60 bpm, 10.4 %) and sinus 
tachycardia (> 100 bpm, 4.4 %). Other documented arrhyth-
mias included newly diagnosed atrial fibrillation, frequent 
multifocal atrial complexes, sinus node arrest with atrial 
escape rhythm, ventricular fibrillation resolved at the prehos-
pital stage, ventricular bigeminy, and recurrent nonsustained 
ventricular tachycardia [3, 29]. Cases of atrial fibrillation 
have been reported after contact with high-voltage power 
lines. In most of these cases, the rhythm returned spontane-
ously or after administration of quinidine or digitalis [30]. 
Isolated reports have also documented flutter-type arrhyth-
mias [3].

The re-entry mechanism represents an arrhythmogenic 
process in which an electrical impulse within the heart be-
comes self-perpetuating, circulating repeatedly in a loop, 
and thereby causing tachyarrhythmia. This phenomenon 
occurs when there are two pathways of electrical conduction 
(a primary and an accessory pathway), allowing the impulse 
to flow down one pathway and return via the other, resulting 
in tachycardia or extrasystole [31].

Although most life-threatening events occur immediately 
after electrical exposure, delayed ventricular arrhythmias (up 
to 12 hours post-incident, in both low- and high-voltage in-
juries) have been repeatedly reported, which required careful 
observation [21]. Cardiac complications and arrhythmias are 
more frequently observed in patients exposed to high-voltage 
electrical current [12].

Although patients without initial ECG abnormalities 
may appear safe for discharge, the results of targeted follow-
up studies question their safety due to the risk of delayed 
arrhythmias [23]. While the occurrence of late malignant 
arrhythmias is relatively rare [12], concerns regarding the 
potential for delayed arrhythmogenesis are the reason why 
patients are often hospitalized for monitoring, even in the 
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absence of risk factors, arrhythmic symptoms, or ECG ab-
normalities [26].

It is believed that delayed arrhythmias result from chan
ges in the membrane potential of fibrotic cardiac tissue. 
Transient repolarization abnormalities resembling Brugada 
syndrome may develop due to imbalances in ionic currents, 
producing an arrhythmogenic effect [1, 9]. Tissue injury leads 
to temporary and localized disturbances in sodium and po-
tassium transport, hyperkalemia, and increased activity of 
the Na+/K+-ATPase pump, which together promote the for-
mation of arrhythmogenic foci with enhanced automaticity 
and triggered activity [2, 7, 11].

Direct cardiomyocyte injury, myocardial necrosis, altera-
tions in adenosine triphosphate concentration, and changes 
in cell membrane permeability represent the morphological 
substrate for both fatal and non-fatal cardiac arrhythmias fol-
lowing electrical injury [12, 30]. When the cardiac conduction 
system is affected, bundle branch blocks and varying degrees 
of atrioventricular block may occur [3, 7, 11, 12, 19–21, 25, 
27]. Complete atrioventricular block is rare, but in some cases, 
implantation of a permanent pacemaker is indicated [2, 8, 25]. 
Partial intraventricular conduction blocks persisting for up to 
10 days have been described, while nodal rhythms have been 
observed in certain patients for up to 24 hours [30].

Hypothetically, the mechanism of electrically induced 
cardiac arrhythmias involves initial myocardial damage fol-
lowed by scar formation, which leads to abnormal electrical 
activity within the heart. Significant bradycardia may result 
from disruption of the normal conduction system, which 
can manifest months or even years after the initial injury [5].

Isolated premature atrioventricular complexes and ven-
tricular premature contractions typically occur within the 
first few hours after EI [3, 7, 11, 12, 21, 26, 29].

Nonspecific ECG changes may be the only sign of car-
diac injury and include ST-segment abnormalities, which 
often persist for several weeks after trauma, as well as QT 
interval prolongation [2, 4, 5, 22, 30]. The latter indicates 
delayed electrical repolarization, which may lead to ven-
tricular arrhythmias. Standards for corrected QT intervals 
vary, but values above 460–480 ms are generally considered 
pathological [5].

Currently, 24-hour Holter monitoring is regarded as the 
best method for timely detection of arrhythmias [3].

The susceptibility of cardiac tissue to the potentially fatal 
arrhythmogenic effects of external electrical fields distin-
guishes it from other organ structures [5, 7]. Electrically 
induced fatal arrhythmias typically occur immediately after 
electrical injury and represent the most common cause of 
death in electrocution cases [3, 9, 19, 27].

Disturbances of cardiac electrical impulse rhythms due 
to exposure to high-voltage current (> 20 000 V, usually di-
rect current) are most often accompanied by acute electrical 
myocardial injury, leading to immediate sudden cardiac ar-
rest as a result of asystole or pulseless electrical activity [5, 7, 
8, 15, 16, 20, 21, 23, 30, 32, 33].

Both alternating current at 50–60 Hz and direct current 
above 5 A can induce sudden asystole without preceding 
fibrillation, as the heart remains in a state of sustained con-
traction [34]. Spontaneous restoration of sinus rhythm may 
occasionally occur after asystole in cases of electrical trauma. 

However, since respiratory paralysis persists longer than this 
process, the rhythm may deteriorate into ventricular fibril-
lation due to circulatory hypoxia [20, 21, 34].

A current of 50 mA or more at 50–60 Hz, passing 
through the body, typically induces ventricular fibrillation 
within 1–3 seconds [34]. In the worst cases, low-voltage 
electrical energy traversing the heart can trigger pulseless 
ventricular tachycardia or ventricular fibrillation, which usu-
ally occurs immediately after the electrical exposure. Patients 
in this cohort often presented with such arrhythmias upon 
hospital admission, although they were mostly young and 
without prior medical history [4, 5, 7, 23, 30].

Ventricular fibrillation is the most common fatal arrhyth-
mia, seen in 60 % of patients with transthoracic current flow 
[8, 20, 21, 32].

This potentially lethal arrhythmia can also develop in a 
delayed manner, days or even months after the initial injury 
[7, 23].

During the development of ventricular fibrillation in-
duced by direct current, the direction of the electrical path-
way — whether ascending (anode at the caudal part of the 
body and cathode at the cranial part) or descending — is 
significantly important. Ascending direct current is consi
derably more dangerous than descending current in the same 
orientation, because the cathode increases the excitability of 
the sinoatrial node, while the anode decreases it. Cardiac im-
pulses are regulated by electrical potentials generated by the 
cells of the natural pacemaker located in the sinoatrial node 
on the posterior wall of the right atrium [15]. The sinoatrial 
and atrioventricular nodes, which are responsible for the 
generation and conduction of impulses within the heart, may 
be more vulnerable to electrical injury than other cardiac 
cells, as autopsy studies demonstrate widespread cell death 
primarily in these conduction pathways [5]. In an ascending 
current pathway, the sinoatrial node is under the excitatory 
influence of the cathode, whereas the apex of the heart is 
suppressed by the anode. In a descending current pathway, 
the sinoatrial node is inhibited by the anode, while excit-
ability at the apex is increased by the cathode. The excitation 
originating from the sinoatrial node in ascending current 
encounters conduction suppression along its pathway. When 
conduction falls below a critical threshold, ventricular fibril-
lation occurs. Conversely, the wave of excitation originating 
from an anode-inhibited sinoatrial node is accelerated along 
the pathway under cathodal influence in descending current. 
Based on these mechanisms, ascending current establishes 
conditions favorable for the development of ventricular fibril-
lation throughout the duration of the closed electrical circuit, 
whereas in descending current, such conditions arise only at 
the moment of the circuit interruption [31].

From a biological perspective, voltage represents a mea-
sure of pressure or electrical energy force passing through 
a conductor, whereas current primarily reflects the rate of 
electrical flow [25, 35, 36]. It is the flow of current through 
the body that compresses the heart or induces its fibrilla-
tion, potentially resulting in death. Ventricular fibrillation 
is the most common arrhythmia caused by electrical injury 
and constitutes the primary cause of death from electrical 
trauma, particularly with low-voltage alternating current [3, 
5, 15, 25, 26, 34–36].
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Both alternating and direct current can disrupt normal 
cardiac rhythm and induce ventricular fibrillation. How-
ever, alternating current is more hazardous than direct one 
in the generation of multiple excitations [37]. Accordingly, 
alternating current has a higher propensity to cause cardiac 
fibrillation, whereas direct current primarily leads to cardiac 
arrest [38].

The electrical current capable of inducing ventricular 
fibrillation when passing through the body is called the fib-
rillating current, and its minimal value is termed the critical 
fibrillating current [34].

The threshold fibrillating current is influenced by nu-
merous factors. Its leading triggers are the duration of 
current exposure and body mass. The threshold for ven-
tricular fibrillation is inversely proportional to the square 
root of the exposure duration and directly proportional 
to body mass. When the heart is exposed to gradually in-
creasing electrical current, myocardial susceptibility to 
fibrillation initially rises and then decreases at higher cur-
rent intensities.

Based on these thresholds, the touch voltage for alternat-
ing current should not exceed 50 V and for direct current — 
120 V in healthy adults to avoid life-threatening situations. 
For children, the permissible touch voltage is set at 60 V for 
direct current [37].

Low-voltage alternating current with a frequency of 50–
60 Hz passing through the thorax for a fraction of a second 
can induce ventricular fibrillation at current levels of 60– 
100 mA; for direct current, approximately 300–500 mA is 
required. If the current has a direct pathway to the heart (e.g., 
via a cardiac catheter or pacemaker electrodes), less than  
1 mA (alternating or direct current) can induce ventricular 
fibrillation [6, 7, 21, 26, 34–36, 39].

When current passes through the human body for 10 se
conds or longer, the thresholds for ventricular fibrillation 
become more distinct, amounting to 40 mA for alternating 
current (15–100 Hz) and 140 mA for direct current [37].

Main mechanisms underlying the development of ven-
tricular fibrillation:

— direct effects of electrical current on cardiomyocytes 
and the cardiac conduction system lead to alterations in 
cardiac electrical potentials;

— electron flow through the heart disrupts all myocardial 
functions, including automaticity, excitability, conductivity, 
and contractility;

— the vascular component manifests as injury to the 
coronary arteries;

— irritation of cardiomyocytes due to the formation of 
a persistent reentrant wave (pseudo-Wolff-Parkinson-White 
syndrome);

— generation of paradoxical excitation potentials with 
opposite orientations in different regions of the myocardium;

— shock reactions with circulatory centralization during 
prolonged exposure lead to current irradiation to the heart 
[40];

— premature contractions can sometimes evolve into 
ventricular fibrillation and become fatal if treatment is not 
initiated promptly [11, 25], as cardiomyocytes begin to con-
tract independently, potentially causing circulatory arrest 
[15];

— circulatory centralization followed by decentraliza-
tion under electrical exposure induces tissue and systemic 
hypoxia and hypercapnia, with secondary injury to the va-
somotor center of the brainstem and development of coro-
nary spasm [40].

Analysis of fatal electrical injuries demonstrates that 
the duration of current flow through the body significantly 
influences the outcome of electrical trauma: the longer the 
duration of current exposure, the higher the risk of severe 
or fatal consequences. Cardiac sensitivity to electrical cur-
rent varies across different phases of the cardiac cycle. The 
probability of developing ventricular fibrillation depends 
not only on the physical characteristics of the current but 
primarily on the phase of the cardiac cycle during which the 
current passes through the heart’s projection. This depen-
dence can be explained by the fact that as the duration of 
current exposure on living tissue increases, the cumulative 
pathological effects on the body also increase, along with 
the probability that the current aligns with the T-wave phase 
of the cardiac cycle, when the heart is most vulnerable at 
the end of ventricular contraction during the transition 
to relaxation. This phase lasts approximately 0.2 seconds. 
When the duration of current flow equals or exceeds the 
length of the cardiac cycle (0.75–1 second), the current 
interacts with all phases of the cardiac cycle, including the 
highly vulnerable T-wave phase. Conversely, if the current 
duration is shorter than the cardiac cycle by 0.2 seconds and 
does not align with the T-wave, the probability of ventricu-
lar fibrillation decreases sharply [34].

It should be noted that ventricular fibrillation can some-
times be reversible, when the heart spontaneously returning 
to normal rhythm shortly after fibrillation [20]. If exposure to 
low-voltage current is brief (1–2 seconds) and does not cause 
structural cardiac damage (e.g., burns or heating), the heart 
usually restores normal sinus rhythm spontaneously after 
current cessation [20, 32, 34], although cardiac disturbances 
may occasionally persist [5].

Conclusions
1. Cardiac arrhythmias are primary and dangerous 

complications of electrical trauma.
2. The incidence of cardiac arrhythmias is directly related 

to the characteristics of the electrical current, its pathway 
through the body, the duration of exposure, body mass, and 
structural myocardial damage.

3. In certain cases, cardiac arrhythmias induced by 
electrical trauma may resolve spontaneously.

4. Cardiac arrhythmias following electrical injury can 
occur in a delayed manner.

5. Timely resuscitative interventions can restore normal 
cardiac rhythm.
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Летальні та нелетальні серцеві аритмії при електротравмі

Резюме. Актуальність. Електричні травми є однією з най-
поширеніших проблем охорони здоров’я та часто пов’язані 
із високою захворюваністю і смертністю. Збір доказів. Літе-
ратурні джерела включали до дослідження, якщо вони: 1) 
були опубліковані українською, іспанською або англійською 
мовами; 2) повідомляли про серцеві аритмії, що пов’язані 
з електричною травмою; 3) інформували про поширеність 
серцевих аритмій при електричній травмі; 4) мали обсер-
ваційний дизайн (когортний або перехресний). Проведено 
ретроспективний пошук інформації з використанням просто-
рово-векторної описової моделі, що була доповнена ручним 
пошуком задіяних статей. Синтез доказів. Серце вражається 
частіше, ніж інші внутрішні органи, оскільки електричний 
струм зазвичай рухається шляхом найнижчого опору в орга-
нізмі — поздовж кровоносних судин і нервів до серця. Великі 
поверхневі опіки й вертикальний шлях проходження струму 
через тулуб вказують на підвищений ризик пошкодження 
серця. Найпоширенішим проявом ушкодження серця вна-
слідок дії електричного струму є аритмії, які зазвичай вини-
кають одразу після електротравми. Порушення провідності 
можуть залежати від змін міоцитів навколо синусових і атріо
вентрикулярних вузлів та не обов’язково пов’язані з ішемі-
єю міокарда або артеріальним ураженням. Найчастішими 
порушеннями на ЕКГ при надходженні до стаціонару були 

синусова брадикардія та синусова тахікардія. Інші задокумен-
товані аритмії включали вперше діагностовану фібриляцію 
передсердь, часті мультифокальні передсердні комплекси, 
зупинку синусового вузла з передсердним висхідним ритмом, 
фібриляцію шлуночків, що була усунена на догоспітальному 
етапі, шлуночкову бігемінію та рецидивуючу нестійку шлу-
ночкову тахікардію. Спричинені електричною травмою арит-
мії здебільшого мають функціональний характер, зазвичай 
є доброякісними та переважно минають протягом перших 
кількох годин після госпіталізації. Фібриляція шлуночків є 
найпоширенішою фатальною аритмією, що зустрічається у 
60 % пацієнтів, у яких електричний струм проходить транс
торакально. Змінний струм частіше спричиняє фібриляцію 
серця, тоді як постійний здебільшого викликає асистолію. 
Висновки. Серцеві аритмії є провідними та небезпечними 
ускладненнями електричної травми. Частота їх виникнен-
ня прямо залежить від характеристик електричного струму, 
шляху його проходження через організм, тривалості дії, маси 
тіла та органічних пошкоджень міокарда. У деяких випадках 
аритмії при електричній травмі минають самостійно, також 
вони можуть бути відстроченими. Своєчасно проведені ре-
анімаційні заходи допомагають поновити серцевий ритм.
Ключові слова: електричний струм; електрична травма; шляхи 
проходження струму через організм; аритмії; патофізіологія
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