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This article examines the precision of medical terminology commonly used

to diagnose and understand the pathogenesis of electrical shock injuries. As

everyday technology increasingly depends on advanced electrical mechanisms

that utilize more e�cient modes of electrical energy transmission, waveforms,

and frequencies, emergency and trauma physicians will continue to encounter

a broader array of electrical injury manifestations. This phenomenon prompts

a closer examination of the diagnostic terminology associated with electrical

shocks. The pathogenesis of electrical injury depends on the tissue electric

field strength, frequency, current duration, and tissues involved. Some traditional

diagnostic terms, for example, “entry” and “exit” wounds, arc-flash burns, and

“high-voltage” and “low-voltage” electrical injuries, obscure the complexity

of this pathogenesis, likely impeding medical management and advances

in electrical safety science. This article presents the scientific rationale

for suggested changes to medical terminology and aims to encourage

future refinement.
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1 Introduction

Electrical shock occurrence continues to be a significant and likely underreported

public health concern that is primarily linked to workplace accidents (1). The severity

of injuries resulting from electrical shock ranges from medically inconsequential to life-

threatening (2). Despite considerable progress and positive impact of electrical worker

safety guidelines, these injuries still account for substantial disability-adjusted life years (1).

With new and expanding use of electrical power in every aspect of modern industrialized

societies, the risk of adverse human contact and resulting use of emergency medical

services can be expected to increase.

The need for consistent terminology is growing as the nature of electrical injuries has

evolved due to the increased sophistication and broader range of high-energy electrical

devices produced for human use today. Fundamentally, the pathogenesis of electrical shock

injuries is multi-physical in nature, involving both thermal and non-thermal mechanisms

(3). Non-thermal damage results from direct electric forces acting on tissue structures,

whereas thermal damage results from the passing electrical current heating the tissue.

The combined tissue structural alterations, reversible or not, are governed by the electrical

power dissipation density at any point along the current path. Of course, power dissipation

at any point along the current path depends on the tissue properties, the electrical
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current density, the current frequency, and the duration of

exposure (3). Understanding these deterministic parameters

provides useful clinical insights into optimal triage and

management of electrical power injuries.

2 Fundamental concept 1:
significance of electrical current
frequency

Although the effect of electrical current frequency is rarely

discussed in the trauma medicine literature, it is a fundamental

factor governing the damaging effects of current on tissues. The

electrical current frequency influences the types of cells and

molecules acted on by the electrical forces in the tissue during

electrical shock. In addition, the frequency affects the anatomical

distribution and path of the current when passing through the body

during electrical shock and the current’s efficiency in heating tissue

water. The range of frequency-dependent biophysical and atomic

effects is summarized in Table 1.

For electric shock, the most common presentation in

emergency departments is survivors of contact with a standard

50–60-Hz commercial electrical power source. In this frequency

range (i.e., <10,000Hz), the size and shape of cells affect their

risk of injury such that peripheral nerve axons and long skeletal

muscles are particularly vulnerable to membrane puncture (i.e.,

electroporation) by the direct action of electrical forces (4).

Electroporation is a non-thermal injury mechanism that does

not require general heating of tissue water. Electropores can be

transient or stable (5). Stable defects are often called “irreversible

electroporation” (6). Thus, even brief contact with a 50–60-Hz

electrical power source is not long enough to cause thermal damage

but can result in nerve and striated muscle injury along the current

path (Table 2) (4, 7).

At higher electrical current frequencies, such as radiofrequency

or microwave current (i.e., 1–10,000 MHz), resulting tissue injury

is primarily electrical burn injury due to tissue water heating (2, 8)

wherein cell size and shape are not factors affecting vulnerability

to hyperthermia (9). Until recently, human injury resulting from

electrical currents in the megahertz range was very unusual

and only seen in instances of electrical arc-fault or lightning

strike–related injuries. However, in the future, electrical power

will likely include more high-frequency electrical power sources

and transmission devices, for example, devices widely used for

electrical vehicle charging and some military applications (10).

Thus, emergency department physicians will likely encounter

high-frequency electrical burn injuries more frequently in

the future.

An important clinical consideration is that the anatomical

spread of the high-frequency current in the body is frequency-

dependent due to electromagnetic skin-depth effects (11). Thus,

for an electrical shock with a frequency of 10 MHz (i.e.,

megahertz) or higher, the current passing through the body

will be confined to the skin and perhaps subcutaneous tissue.

The superficial fern-pattern “Lichtenberg” burns associated with

a lightning burn wound is an example of this skin-depth

effect (2, 12).

3 Fundamental concept 2:
significance of electrical contact
voltage

Most clinical reports today describe electrical burn injuries as

“high voltage” or “low voltage” as the contact voltage is one of the

few ascertainable electrical parameters for individuals presenting to

an emergency department after an electrical shock injury (13–15).

As a result, these terms have become commonly used to stratify

adverse outcome risks for electrical shock injury patients (15).

Because this concept has statistical validity, there appears to be

a common misunderstanding about the role of voltage per se in

determining the extent of injury. Correlating electrical cable caliber

to electrical injury severity with the same reliability is also possible

because high-voltage electrical cables have a larger caliber than low-

voltage electrical wires. However, electrical wire caliber obviously

does not determine the extent of tissue injury during electrical

shock. In other words, a correlation is not sufficient evidence to

attribute causation.

3.1 Can contact voltage alone determine
injury risk?

All manufactured electrical power sources have a limit to their

capability to generate electrical current. For example, electrical stun

guns (i.e., TASERS
R©
) used by law enforcement typically operate

at voltages above 25,000 volts (16). However, they do not cause

extensive tissue injury because they are only capable of delivering

a very small amount of current into the body in short pulses.

The electrical power dissipation in the tissue between the stun

gun contact points is too small to cause more than microscopic

damage adjacent to the contact points. Yet a stun gun shock is a

“high-voltage” but low-energy electrical shock.

Voltage (V) is specifically the electrical potential difference that

causes electrical charges to move (i.e., current [I]). The power (P)

delivered to tissue during electrical shock is what creates tissue

damage and is calculated as the product of the voltage times

the current (i.e., P = V × I). The work of the tissue injury

process during electrical shock is primarily linked to the electrical

power dissipation at any point in the current path. Figure 1

provides a mechanical analogy to illustrate this concept. Using

terms like high-power electrical injury or low-power electrical injury

when characterizing electrical shock injuries would have greater

clinical relevance.

4 Fundamental concept 3: existence
of “entry” and “exit” wounds?

“Entry” and “exit” wounds are terms given to ballistic wounds

resulting from projectiles (i.e., bullets) that have a vector path

through the body. The nature, size, and characteristics of bullet

wounds provide insight into the mechanics of injury and the

bullet’s trajectory vector through the body. The wounds caused by a

projectile are smaller at the skin entry point because subcutaneous
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TABLE 1 Electrical injury modes vs. frequency (3, 5).

Frequency regime General applications Harmful tissue e�ects

Low frequency (DC, 10 kHz) Commercial electrical power, batteries Joule heating; cell membrane electroporation

Radio frequency (10 kHz−100 MHz) Radio communication, diathermy, electrocautery Joule heating;dielectric heating of biomacromolecules

Microwave (100 MHz−100 GHz) Microwave heating Dielectric heating of water

Terahertz (1011-1014 Hz) Electric power, medical imaging, heating Molecular heating with alterations in DNA replication processes

Visible light (3.8–7.5× 1014 Hz) Vision, laser applications Molecular heating and photobleaching effects, mild protein damage (3)

Ionizing electromagnetic fields (≥1016 Hz) Ionizing irradiation (ultraviolet, X-ray, gamma, etc.) Atomic heating with generation of reactive oxygen intermediates

TABLE 2 Biophysical modes and injury kinetics of electrical injury (3, 5).

Injury mechanisms Injury kinetics (seconds) Tissue vulnerability Tissue damage distribution

Joule heating 1–10 All tissues All proteins; cell membrane

Electroporation 10−5-10−4 Muscle, nerve Membrane lipid bilayer

Plasma membrane electroporation 10−3 Muscle, nerve Membrane proteins

Plasma membrane protein unfolding 10−2 All tissues Membrane structures

FIGURE 1

Mechanical trauma analogy: power dissipation governs the magnitude and distribution of tissue injury in physical trauma. In comparison to a

beachball (A) dropped from a roof, a bowling ball (B) dropped from the same point will transfer greater energy to the person below and inflict more

extensive injury. In addition to the height from which the ball was dropped, the mass of the ball must be known to model the injury magnitude.

tissue absorbs energy and provides structural support. The wounds

are often larger where the projectile leaves the body due to

the lack of external mechanical support of the skin at the

exit point.

Although the terminology “entry” and “exit” wounds, similar to

those shown in Figure 2, is commonly extended to the discussion of

electrical shock injuries, it is inconsistent with the actual electrical

forces acting on the tissue. Tissues are electrically neutral (17),

meaning that, on a scale much greater than the size of a protein, the

sum of electrical charges on proteins and other biomolecules plus

the mobile ions in solution equals zero. This is referred to as the

“bulk electroneutrality condition” of electrochemical systems like

biological tissues (17).

This means that an electrical shock current passing through

the body is carried by both positive and negative mobile salt ions

that must move in opposite directions to conduct the electrical

current. Because an equal number of ions are moving in opposite

directions, no net vector electrical force can act on the tissue during

electrical shock. As such, there can be no ballistic-type entrance or

exit effects. There may be differences in the wounds at the contact

points due to other contact factors such as the size and geometry of

the electrical contacts.

Furthermore, most electrical shocks result from the passage of

alternating current (AC; Figure 3). Alternating current oscillates

in the direction of the current flow. For 60-Hz electrical power,

the current changes direction 120 times per second. Thus, during

an AC electrical shock, each skin contact point experiences both

current entry and exit. For these reasons, using entry wounds and

exit wounds should be abandoned clinical terminology for electrical

shock body surface contact wounds.
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FIGURE 2

Electrical contact wounds: skin electrical (∼408-volt, 60-Hz power frequency) contact wounds resulting from a hand-to-hand electrical shock. Both

left-hand (A) and right-hand (B) wounds of shown soon after hospital admission. The exact duration of contact is unknown. The existence of full

thickness burns suggests multiple cycles of current passed through the wounds.

FIGURE 3

Illustration of alternating current: alternating current is produced by alternating the direction of current passage through the circuit. This illustration

shows that the current from the electrical power station is changing directions approximately every 8.4 milliseconds to generate a 60-Hz sine wave.

The illustrated person contacting a powerline would have current entering and exiting the same skin contact points multiple times for an electrical

shock lasting only 32 milliseconds or more. The arrows indicate the direction electrical current flow into and out of the power station.

5 Fundamental concept 4: electrical
arc-flash injuries

Electrical flash injuries or arc-flash burns are terms used to

refer to injuries resulting from a person being exposed to electrical

arc–mediated currents that typically result from electrical short-

circuit faults, electrical switchgear activation, or lightning strikes.

Electrical flashes, or arcs, occur when two electrical conductors

at different electrical potentials produce a strong enough electric

field between them to break down the molecules in the air. This

breakdown process generates hot ionized molecules in the air

called plasma. The plasma is electrically conductive, meaning that

it readily conducts electrical current (18, 19).

Clinically, “electrical flash burns” are often considered thermal

burns rather than electrical injuries because the patient did not

mechanically contact the electrical power source. Because an

electrical arc is a very hot gas, it can rapidly expand; thus, a person

close to an arc flash from a high-power industrial electrical device

may not only experience pressure-wave “blast” trauma and thermal

burns but also receive an electrical shock current.

Lightning strike injuries are a natural form of electrical arc-

flash injury. When lightning occurs, a massive electrical current

travels through an atmospheric arc from charged clouds to the

ground. A person contacted by arc flash will experience an electrical

current contact from the electrical current passage along superficial

layers of the body (19), a magnetic pulse–induced electrical current

throughout the body that can produce neuromuscular effects,

as well as shock-wave blast forces associated with the rapidly

expanding air. The current’s effect may be significant or negligible

compared to the heat or blast injury. Any of these forces could result

in severe injury or death. Of course, if someone is in contact with

an object, such as a fence or tree hit by lightning, the frequency of

the current passing through that person changes.
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6 Discussion

One controversial and important aspect of emergencymedicine

is the criteria for post–electrical shock hospital admission for

cardiac monitoring when the patient has no clinical or diagnostic

signs of cardiac injury when presenting at the emergency

department. Several reports have noted the late development

of signs or manifestations of cardiac injury despite diagnostic

evidence being absent on initial presentation (20, 21). However,

extensive, large-scale studies also demonstrate that nearly all

electrical injury patients manifesting cardiac abnormalities present

in the emergency department with evidence of cardiac injury (22–

24). These results suggest that a delayed presentation of cardiac

injury is very unusual.

Regarding the risk of electrical shock–mediated cardiac injury

presenting at admission to the emergency department, considerable

effort has been made to identify risk factors. In particular, contact

voltage has been the most investigated risk. Some clinical studies

conclude that cardiac injury occurred only in patients who received

high-voltage (>1,000-volt) electrical shocks, and therefore, low-

voltage shock victims can be safely discharged (22, 23). Other

reports conclude that cardiac injury and fatal cardiac arrhythmias

(electrocution) are well known to be linked to low-voltage electrical

shocks (i.e., electrocution) and may result from low-voltage

shocks (24–26).

However, as pointed out by Bailey (27), voltage is only one

consideration when it comes to cardiac effects. The deterministic

parameters are the induced cardiac electric field by the shock

and the duration of exposure. For example, applying a very high-

voltage electrical stun gun on the trunk does not generate enough

current to cause cardiac injury (28). By comparison, a low-voltage

(i.e., <500-volt) hand-to-hand electrical shock can trigger a fatal

cardiac arrhythmia by interfering with cardiac electrophysiological

dynamics when the skin is moist at the contact point (25, 26).

If the included study population of electrical shock patients

in the emergency department is limited to individuals shocked

by high-energy industrial or commercial power sources, voltage

may be found to be a significant deterministic parameter. But

other factors, such as clothing resistance, anatomic position, and

anatomical path of the current through the body, are likely to

influence the study results.

This article highlights common terminology and principles

relevant to electrical shock injury. Electrical injury results from

any one or more of several biophysical injury modes, including

hyperthermic injury (i.e., “Joule heating”), electroporation injury,

and, often, thermoacoustic blast injury associated with electrical

arc–mediated pressure waves. For facilitating emergency medicine

triage, identifying readily available injury parameters that correlate

with injury acuity is an important objective for electrical injury

research. Treating clinicians should be aware of basic terminology

and principles to facilitate appropriate treatment plans.
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