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THEMATIC JUSTIFICATION:

Frostbite and electrical trauma occur quite often. The frequency of frostbite in wartime is increasing. The relevance of the study of the material is grounded in the fact that the acquired knowledge at the Department of General Surgery is final, since in the process of studying at the university, before studying this material, none of the departments are returned. 

THE AIM OF THE LESSON:

General: Mastering the diagnostic methods and provision of urgent care to patients with frostbites and electrical injuries.
Particular:
Know (theoretical questions):

1. To know reasons of origin of frostbite.

2. To know pathological changes in fabrics and organs of patient under time and after an action injuring of cold agent, electric current and lightning.

3. To know classification of frostbite and electrical injuries depending on the depth of defeat of fabrics.

4. To master the clinical symptoms of frostbite, electrical injuries. 

5. To able to diagnose frost-bite and electrical injuries, applying subjective, objective, laboratory, instrumental and other additional (for example, X-ray) methods of research.

6. First aid for victims with frostbite.

7. First aid for victims with electrical injuries.

Be able to:

1. Diagnose frostbite, determine their severity, prognosis.

2. Determine the area and depth of frostbite.

3. Correct treatment of manifestations of frostbite, electrical burns.

4. Provide first aid for various types of frostbite.

5. Diagnose frostbite; determine their degree of severity, forecast.

6. Provide first aid for different types of frostbite.

7. Provide first aid for different types of electrical burns

Possess of practical skills:

1. To master the technique of applying bandages to victims of electric burn.

2. To master the technique of applying bandages to victims with a cold injury.

3. To master the technique of first aid during frostbite.

4. To master the technique of first aid during electrical injury.

Material and methodological provision of the lesson: visual aids, circuits, study tables.
PROVIDING AN BEGINNER LEVEL OF KNOWLEDGE-SKILLS

	Discipline
	To know
	To be able to

	Anatomy
	The structure of the skin, the subcutaneous basis and deep tissue structures. Anatomical features of the parts of the body, where the pathological process is localized.
	Determine the depth of the lesion.

	Physics


	Features of electric current.
	Provide first aid to the victim, depending on the characteristics of the attacking agent.

	Histology
	The structure of the skin.
	Determine the depth of the lesion.

	Pathological physiology
	Pathogenesis of shock, the concept of regeneration and healing.
	Be able to determine the phases of the inflammatory process at the place of the defeat. Evaluate the state of the victim.

	Pathological anatomy
	Signs of inflammation at various stages of healing of wounds.

Signs of necrosis, disturbances of blood circulation, shock.
	Determine the severity and depth of tissue damage.

	Propaedeutics of internal medicine
	Method of examination of the patient.
	Collect anamnesis, palpation, percussion, auscultation.


CONTENT OF TEACHING

Structural-logical scheme of the topic 

Cold injury
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Electric injury




























An approximate map of students' work:

Using visual aids, diagrams, tables, students disassemble the concept of frostbites and electric injuries.

After studying this topic, students should have an idea of the classification of frostbite in depth, area, severity; local and general manifestations of cold trauma; forecast of frostbite; local and general manifestations of frostbite and electric burn; the concept of frostbite and electric burn; first aid in cases of frostbite and electric injuries; concept of hypothermia, periods of clinical course; principles of first aid for electric burn and hypothermia.

In the surgical department, students under the supervision of a teacher examine patients with frostbite or electric burn.

First aid in cases of frostbite:

- transportation of the patient to a warm room;

- wet clothes, shoes should be removed;

- rubbing frozen areas of the body. Feature: the area should be gently massage with a hand, a woolen cloth, and not a rough swab so as not to encounter scratches - the gate for infiltration;

- lubricating the skin with alcohol after rubbing;

- overlaying of dry heat-insulating bandages;

In the clinic:

- intravenous and intraarterial infusion of drugs that improve blood flow;

- antipyretic prophylaxis (administration of antitetanic serum in a dose of 3000 IU and tetanic anatoxin).

First aid in cases of hypothermia:

- transportation of the patient to a warm room;

- to cover the body of the patient with heaters;

- hot tea, coffee;

In the clinic:

- infusion of warmed saline solutions (Acesol, Disol, Ringer solution);

- elimination of acidosis (Lactasol, sodium bicarbonate);

- elimination of hypoxia (oxygen therapy, reopoliglyukin).

Determination of the depth of defeat of frozen tissues by alcohol test:

With cotton or gauze balls and ethyl alcohol, the treatment of the affected area is performed. In the presence of a patient frostbite 1-2 st., The test will be positive. There is pain and temperature hyperesthesia. If the patient have a frostbite 3-4 st. The test will be negative, the patient will not feel pain, which will testify to the defeat of the skin on its entire thickness with complete defeat of the malpiphaise layer and derivatives of the skin, subcutaneous fatty tissue.

Tasks for independent work:

Tests for checking the initial level of knowledge

1. What is the first aid for patient after electric injuries?

A. stopping of further action of current  on a victim;
B. stop of bleeding;
C. reanimation measures;
D. transport immobilization;
E. anaesthetizing.
2. Which of the following factors contribute to lethal electrocution?

A. wet skin surface;
B. rubber footwear;
C. fatigue;
D. heart diseases;
E. condition of alcohol intoxication.
3. Which of the following damages causes electric current:

A. radiation
B. thermal;
C. chemical;
D. mechanical;
E. cryodestructive.
4. First aid for frostbite should include everything except:

A. infusion of heated solutions;
B. administration of antitetanic serum;
C. general warming;
D. applying a dry sterile bandage;
E. to rubbing the area of damage by snow.
5. The clinical signs of the first degree of frostbites include:

A. formation of blisters with hemorrhagic contents;
B. loss of algesthesia;
C. itch;
D. blackening of skin;
E. loss of tactile sensitiveness.
Standards for answers:

1) A
   2) A
      3)
B 
4) E
    5) C   

If you are convinced that your beginner level of knowledge meets the requirements of the entry-level objectives, go on to mastering the theoretical issues of the topic.

List of theoretical questions

1. To know reasons of origin of frostbite.

2. To know pathological changes in fabrics and organs of patient under time and after an action injuring of cold agent, electric current and lightning.

3. To know classification of frostbite and electrical injuries depending on the depth of defeat of fabrics.

4. To master the clinical symptoms of frostbite, electrical injuries. 

5. To able to diagnose frost-bite and electrical injuries, applying subjective, objective, laboratory, instrumental and other additional (for example, X-ray) methods of research.

6. First aid for victims with frostbite.

7. First aid for victims with electrical injuries.

CONTENT OF THE THEME

FROSTBITE (FREEZING)


 Frostbite (freezing). This involves local damage to the skin and deep lying tissues because of extreme cold resulting to blood circulatory failures.

Classification of frostbite

1. Depth of damage: 
degree 1 - blood circulatory disorders and the development of reactive inflammations;

degree 2 - damage to the epithelia up till the germinal layer which is intact;

degree 3 - complete skin necrosis and partial necrosis of the subcutaneous layer;

degree 4 - skin necrosis and necrosis of deep lying tissues.

2. According to the disease period (period of frostbite):

•  latent (pre-reactive) period;

•  reactive period.

Under the influence of very cold temperatures there can be local frost bite and general frostbite.

Local damage by extreme cold to the skin and deep lying tissues occurs due to disorders of blood circulation rather than as a result of the direct cold: spasm, and in the reactive period, vascular (capillary and minor arterial) paresis, the decrease in blood flow, stasis of blood cells and thrombus formation. Later morphological changes in the vascular walls are usually as follows: swelling of the endothelium, plasmatic infiltration of endothelial structures, formation of necrosis followed by connective tissue formation and vascular obliteration.

Thus, tissue necrosis in frostbite has the secondary character and continues into the reactive phase of frostbite. The changes that occur in the vascular walls after frostbite provide favourable conditions for the development of obliterating vascular diseases and the development of trophic disorders.

Most commonly (in 95% of cases) it is the extremities that get frostbitten since blood circulation in the limbs is rather vulnerable.

The latent period, or hypothermia, continues from several hours to a day up to the beginning of the period of warming and restoration of blood circulation.

The reactive period starts from warming the affected organ and restoration of blood circulation. It is divided into early and late reactive periods. Early reactive period lasts for 12 hours from the beginning of warming and is characterised by the disorders in blood circulation, changes in the vascular walls, hypercoagulation and clotting. The late reactive period follows the early one and is characterised by necrotic changes and infectious complications. It is normally associated with intoxication, anaemia and hypoproteinaemia.

Degrees 1 and 2 are superficial, while degrees 3 and 4 are deep.

In first degree frostbite there is blood circulation disorders without necrotic changes in the tissues. Full recovery is usually evident on days 5-7. In second degree burns the superficial layers of skin are damaged, the germinal layer is intact. Skin damage is fully healed within 1-2 weeks. 
In the third degree frostbite, skin regeneration is impossible, and after the eschar has fallen off a skin defect forms, which is covered by granulation tissue and unless skin grafting is done to cover the defect, the wound heals with the formation of a scar.

In fourth degree frostbite, a dry or wet gangrene of the affected organ, usually of the limb, occurs.

Evaluation should include complaints and history. It is required that the patient be questioned as to the circumstances under which the frostbite occurred (air temperature, humidity, wind, long periods in the cold, the character and contents of the first aid given).

It is worthwhile to reveal all the factors that may reduce the body's general resistance to cold (e.g. cachexia, fatigue, blood loss, shock, vitamin deficiency and drunkenness), as well as local tissue resistance (obliterating vascular conditions, disorders of innervation, trophic skin and tissue disorders and previous one episodes of frostbite)

During the latent (pre-reactive) phase, the patient may experience paraesthesia in the frozen areas, which is later joined by a feeling of numbness. Pain is not always present. Skin in those areas is pale, rarely cyanosed, cold to touch, sensory function is reduced or absent. It is not possible to determine the extent of frostbite in this period; it can only be estimated that the absence of sensation indicates severe frostbite.

During warming the limb, as the blood circulation improves, frostbite moves into the reactive period. Tingling, burning sensations, itching and pain (in deep frostbite pains do not increase) occur in the frozen area and the limb warms up. Examination reveals reddened skin, and in deep frostbite -cyanotic with marble coloration or very hyperaemic. As the patient warms up tissue oedema, which is more pronounced in cases of deep freezing sets in.

It may be possible to ascertain the spread and depth of damage only after all the signs have manifested themselves, i.e. after several days.

Patients with first-degree frostbite complain of pain occasionally burning and unbearable during the warming period. As the patient warms, skin pallor turns into hyperaemia and becomes warm to touch, tissue oedema is minimal, limited to the damaged areas and do not progress. All types of sensation and movement in the hand and foot joints are intact.

Patients with second degree frostbite complain of itching, burning sensation, tension in the tissues, which persist for several days. Blister formation, which commonly appears in the first days, occasionally on the second day, and rarely on the third-fifth day, is a characteristic sign. Blisters are filled with transparent contents, when there are opened a red or pink papilla layer of the skin that is occasionally covered with fibrin shows. When the bare layer at the base of the blister is touched the patient experiences severe pain. Skin oedema spreads beyond the damaged area. 
In third degree frostbite, pain is more severe and long lasting; there is a history of staying in the cold for long. The skin in the reactive period is violet bluish and cold to touch. If blisters form (which is rarely the case), they are usually filled with haemorrhagic contents. During the first days or even hours, pronounced oedema that extends beyond the affected skin areas occurs. All types of sensation are lost. When the blisters are opened violet-bluish surface of the blister base that is not sensitive to skin prick or irritation by gauze swabs soaked with alcohol is found. Subsequently dry or wet skin necrosis sets in; and when they peel off granulation tissue forms.

During the first few hours or even days, the fourth degree frostbite is unlikely to be distinguished from that of the third degree. The damaged skin looks pale or bluish. All types of sensation are lost; the limb is cold to touch. Blisters can appear in the first hours and are friable, filled with haemorrhagic dark contents. Limb oedema develops very fast - 12 or a few hours after warming. Oedema occupies much larger areas than the necrotic area: hence, in frozen fingers the whole forearm becomes oedematous, the foot - the whole leg. Subsequently dry or wet gangrene develops. After a week, oedema subsides and the demarcation line appears - a line that separates the intact side from the necrotic areas.

Because of long repeated frostbite (interchanging with warming) at 0 ... + 10 °C and high humidity a particular type of localised frost bite «trench foot» develops. Frostbite commonly persists for several days after which dull pains and burning sensations as well as a wooden type of limb is felt.

Examination reveals a pale, oedematous foot, which is cold to touch. All types of sensation are lost. Blisters with haemorrhagic content are then formed, their bases being part of the necrotic papilla layer. Intoxication is pronounced: high body temperature, tachycardia and general malaise. Sepsis commonly sets in.

First aid. Fast warming of the affected area is the main element of treatment since that leads to a quick restoration of the blood circulation. Warming can be done through any means but best results are achieved when heating is fast.

The injured has to be taken to a room. Since it is normally the limbs that are frozen they are put in warm baths with the temperature of water at 18-20 °C and within a period of 20-30 min the temperature is raised to 39-40 °C while at the same time massaging the limb carefully from the periphery to the centre, manually or with soaped sponge. After 30-40 minutes of massage and heating, the skin gets warm and pink. The limb is taken out of the water, dried with a clean towel and treated with 70% alcohol after which an aseptic dressing is applied; a thick layer of cotton wool is used to cover the first dressing and bandaged. The patient is placed in bed keeping the limbs raised, hot drinks and a little alcohol is given.

When the external ear, nose and cheeks are frozen, they can be rubbed with warm hands or some soft material until they become red. They are then treated with 70% alcohol and sterile Vaseline oil. They should never be rubbed with snow, since that can freeze the skin more and the snow crystals can cause mechanical damage to the skin creating the conditions for infection and the development of erysipelas inflammations.

When it is impossible to actively heat the affected part, heat insulation dressing that prevents heat loss and further cooling is used. Sterile dressing is put on the affected part on top of which only cotton wool is placed and bandaged. Woollen blankets and fur materials can be used for the heat insulation purpose. Using heat insulation materials to warm the affected part takes 5-6 hours whilst active warming takes just 40-60 min.

Heating under field conditions is done with such heat sources as burning fire, or hot water bottles. The affected limb can be placed in the armpit, on the stomach, in between the thighs of either the injured or the one giving the first aid. In all instances it has to be made sure that the rate of heat production is greater and the rate of heat loss is reduced by covering the injured with warm clothing, hot tea and injections of spasmolytics.

When the adequate first aid is given in the latent period the development of primary tissue necrosis is avoided.

Treatment. This is primarily directed to restoration of blood circulation, treatment of local damage, prevention and treatment of infectious complications. Treatment is either conservative or surgical.

Infusion therapy is the most important measure in the conservative therapy. The choice of the solution for transfusion varies with the period of injury.

In the pre-reactive period, when vascular spasm, increased blood viscosity and aggregation of blood cells persist, preparations that improve metabolism are given either intra-arterially or intravenously: rheopolyglucin, rheogluman (10% dextran and 5% mannit in 0,9% normal saline); spasmolytics: 2% solution of papaverin - 2 ml mixed with 1% nicotinic acid - 2 ml in of the mixture with 10 ml of 0,25% novocain (intra-arterially). Prevention of thrombosis is achieved by giving 20,000-30,000 IU of heparin. This therapy is continued in the early reactive period in the first 12 hours after the limb has been heated.

At the early stages of intoxication blood substitutes with detoxication properties (haemodes), crystalloids are added to the drug infused. Apart from intravenous and intra-arterial modes of administration, heparin can also be given subcutaneosly every 6 hours at the dose of 5,000 IU.

In the late reactive period in view of infections, intoxication and necrosis that develop, the following preparations are commonly used: detoxication drugs, blood components, immune stimulators, and preparations for parenteral nutrition. Antibacterial therapy is achieved with antibiotics, bacteriophages, and chemical antiseptics.

Surgical treatment for frostbite is aimed at excising the necrotic tissue and closure of tissue defect by autodermaplasty. These can be achieved by the following methods: necrotomy - incision of necrotic tissue within the first 3 days; necrectomy - early (i.e. within the first day) in gangrene and impending sepsis and delayed, 15-30 days after trauma; limb amputation - amputation of the damaged segment proximal from the demarcation line; plastic and reconstruction surgeries - skin transplant on the granulated wound, modification of stump and improvement of stump functions, restoration of cosmetic defects.

Local treatment of frostbite starts from primary wound toileting. The wound is opened, surrounding skin cleaned with alcohol solution and some ointment with antiseptic property (e.g. synthomycin emulsion) is used for the dressing.

In first and second degree frostbites, treatment is conservative, which involves the change of dressing every 2-3 days. Blisters that form in second-degree frostbite can be opened slightly at the base, and when they are infected, the contents have to be evacuated with the dead epidermis. After the blisters have been opened, they have to be dressed with antiseptic bandage.

In third degree frostbite, treatment is conservative and includes of the change of dressing and using antiseptic dressing, and proteolytic enzymes. After the wound has been cleaned of all the necrotic tissue in case of minor wounds, ointments that enhance wound healing can be used for the dressing. Extensive wounds need skin grafting.

In fourth degree frostbite, conservative treatment (the use of antiseptics for the prevention of wound infection) is a means of preoperative preparation.

Local treatment of fourth degree frostbite is step-wise: necrotomy - necrectomy - amputation. Necrotomy is done towards the end of the first week: necrotic tissues are incised up to the bone. Anaesthesia is not necessary, since there is normally no sensation in this part of the body. The resulting wound is treated according to the general principles of treating septic wounds: using antiseptics and proteolytic enzymes. After necrotomy the patient's condition normally improves - intoxication, adjacent tissue oedema and skin hyperaemia reduce, the demarcation line becomes more distinct. Necrectomy is done 7-10 days after necrotomy and involves excision of the necrotic tissue until intact tissue up to 1-2 cm distal from the demarcation line. Amputation is accomplished 2-3 weeks after the necrectomy and it is done taking into account the most functionally advantageous position of the involved limb.

General hypothermia. This is a serious condition, in which the body temperature drops to below 34 °C, and rectal temperature is below 35 °C. It is blood circulatory and metabolic disorders, hypoxia and the like that underlie the changes within the body.

Three degrees or forms of general hypothermia are as follows: mild (adynamic form) when the body temperature reduces to 35-34 °C; average (stupor form) when the body temperature reduces to 33-29 °C; and severe (convulsive form) when the body temperature falls to below 29 °C. A fall in the body temperature to as low as 25-22 °C leads to death.

The mild form of hypothermia (adynamic) is characterised by general fatigue, malaise and somnolence. Movement is stiff, speech is distorted, pulse is slow - 60-66 beats per min and the blood pressure is moderately increased (up to 140/100 mm Hg). The patient complains of thirst and rigors . Skin is pale or cyanotic with marble colour (alternating pale and cyanotic spots), «goose pimples» appear all over the skin, and rectal temperature is within 35-33 °C.

In moderate hypothermia, or stupor, the patient is stuporous (semiconscious), joints movements are very stiff, rare and shallow breath movements (8-12 per minute), bradycardia (34-56 beats per minute), weak pulse, blood pressure is moderately reduced. Skin is pale, cyanotic and cold to touch.

The patient with the severe form of frostbite (convulsive type) is unconscious, pupils are constricted, reaction to light is very weak or absent. Tonic spasms of the limbs are difficult to cope with. The chewing muscles and those of the abdominal press are contracted and stiff. Skin is pale, cyanotic and cold to touch. Breath movements are rare (4-6 per minute), shallow and intermittent, weak and rare pulse (34-30 beats per minute), blood pressure markedly falls.

First aid is aimed at warming the affected person as fast as possible. He/she is placed in a bath with the water temperature of 36 °C, and is increased to 38-40 °C within 15-20 minutes. Warming is continued for about 11/2-2 hours until the body temperature has increased to as low as 35 °C. The patient is simultaneously given hot drinks: tea, coffee; 50-70 ml of 40% glucose solution, 5-10 ml of 10% calcium chloride, 200 ml of 5% sodium bicarbonate are given intravenously, cardiac preparations, vascular drug (corglucon, caffeine), antihistamine agents and analgesics are also given.

After warming in the reactive period, prevention of possible complications or treatment of pre-existing ones (bronchitis, pneumonia, pulmonary oedema, cerebral oedema, neuritis, paresis, paralysis etc.) should be started.

ELECTRIC INJURIES

Electric burns. High-voltage electric current can cause electric burns at the entry and exit sites of the current. These kinds of burns are always deep, and here the underlying tissues are damaged than the skin itself. All the tissues on the way of the current get necrotic, the major vessels get thrombosed in addition. In view of these the extent of burn is not established by the skin damage, which is limited to about 2-3 cm in diameter, but by the damage caused to the deep lying tissues that come into contact with the current. When major vessels are damaged there can be tissue necrosis, gangrene of an organ e.g. a limb.

On the sites of entry and exit of the current «current signs» form - burn wounds. The type of «sign» differs: circular, oval, with normally a diameter of 2-3 cm with the centre drawn in; in lightning treelike type. «Current signs» consist of grey or dark brown coloured eschars with depressed centres and oedema of the adjacent tissue. Skin sensitivity is decreased. The «figures» of lightning consist of dark greyish brown tree like forms.

First aid to the person with electric shock should primarily be aimed at removing the patient from the current and starting resuscitation measures, if necessary (see Chapter X), and the places of burns should be covered with sterile dressing.

When rescuing the patient from the current, it has to be remembered that touching the patient's body can also lead to injury of the one trying to help. Putting off the electricity connection to the source or cutting off the wire using a wooden handled axe or instrument with dry wood handle can rescue the patient. The wire is then pushed away with a stick, or board and the injured is pulled away to the side by his/her clothing.

After the cardiac and respiration functions have been restored, dry sterile dressing is applied to the burnt areas. All persons after rescue from an electric shock must be sent to the hospital.

Electric injuries


Electrical injuries, a relatively common form of mechanical trauma, can occur as a result of lightning, low-voltage or high-voltage injury, and are often associated with a high morbidity and mortality. Almost all electrical injuries are accidental and often, preventable. If not instantly fatal, the damage associated with electrical injuries can result in dysfunction of multiple tissues or organs.


There are four main types of electrical injuries: flash, flame, lightning, and true. Flash injuries, caused by an arc flash, are typically associated with superficial burns, as no electrical current travels past the skin. Flame injuries occur when an arc flash ignites an individual’s clothing, and electrical current may or may not pass the skin in these cases. Lightning injuries, involving extremely short but very high voltage electrical energy, are associated with an electrical current flowing through the individual’s entire body. True electrical injuries involve an individual becoming part of an electrical circuit. In these cases, an entrance and exit site is usually found.

Etiology: An individual may experience an electrical injury at home such as shock from a small appliance, extension cord or wall outlet, which is very rarely associated with any significant trauma or complications. Children may experience a low-voltage injury without associated loss of consciousness or arrest by biting or chewing on an electrical cord. Adults may receive similar injuries while working on home or office appliances or circuits. Low-voltage electrical current can result in severe injury, much like high-voltage current, depending on the length of exposure (e.g., if there is prolonged muscle tetany), the size of the individual, and cross-sectional area in contact with the electrical source.

At least half of all electrocutions encountered in an occupational setting occur as a result of contact with power lines, and about a quarter as a result of electrical machines or tools.

Pathophysiology: The flow of electrons through a conductive material, down a potential gradient from high to low concentration, generates electricity. The potential gradient, or the difference between the high and low concentration of electrons, represents the voltage and may vary depending on the electrical source. Electrical injuries can be separated based on low-voltage or high-voltage injuries, where a threshold of either 500 V to 100 V may be used. This is considered high. Household electricity in the United States is set at 110 V, though some high-power appliances may be set as high as 240 V. In comparison, industrial and high-tension electrical power lines can be set at greater than 100,000 V. 

Current (I), describes the amount of energy (volume of electrons) flowing down a potential gradient and is measured in amperes (A).  This describes the amount of energy that flows through the affected individual’s body as a result of an electrical injury.  Individuals vary in the amount of maximum current they can tolerate touching while still being able to let go of the electrical source before induction of muscle tetany.

Resistance (R) is a measure of how a material reduces the amount of electrical flow that passes through it, measured in ohms. In the body, resistance varies between tissues, depending on the level of water and electrolytes that are present. The highest concentration of electrolytes and water (and therefore the lowest resistance) are found in blood vessels, neurons, and muscles. For this reason, these are excellent conductors of electricity in the body. Bone, fat, and skin are, contrastingly, poor conductors of electricity (with a high resistance).  Skin resistance also increases with increased thickness, dryness, and keratinization. Moist mucous membranes or openings in the skin (e.g., punctures, lacerations, or abrasions) contrastingly have a lower resistance.

Tissues with the highest resistance tend to suffer the greatest level of damage as a result of an electrical injury. High skin resistance will cause a larger amount of energy dissipation at the level of the skin resulting in skin burns, thereby reducing the level of resultant internal damage. On the other hand, low skin resistance may result in less obvious skin injury or no skin injury at all, while a larger amount of electrical energy is transferred to internal tissues. For this reason, the extent of external burns on the skin does not predict the level of damage that will be found internally, nor does total absence of external burns predict the total absence of internal electrical injury. 

The resistance of internal tissues themselves further determines the level of damage that is encountered. An additional factor to consider is current density which is determined by the cross-sectional area of a particular tissue. For example, as electrical energy travels down an arm which is mainly composed of low-resistance tissues like muscle, nerve, blood vessels, the current density is relatively low and constant throughout. This is true until the electrical energy reaches the joints (e.g., elbow, wrist, fingers) where a larger proportion of the cross-sectional area is comprised of tissues with higher resistance (e.g., bones, tendons) and fewer low-resistance tissues. Therefore, at the joints, the electrical energy becomes more focused on fewer low-resistance tissues, and for this reason, these types of tissues tend to suffer the most injury at the joints throughout the body.

Other determinants of electrical injury throughout the body are the source (i.e., entry point) and ground (i.e., exit point) of the current. The most common source is a hand, followed by the head, while the most common ground is usually a foot. Any current passing through the head may result in central nervous system (CNS) damage. The heart is most often affected if the current travels from hand to leg or hand to hand across the body, and this may result in a potentially fatal arrhythmia.

Ohm’s law describes the relationship between current, voltage, and resistance, such that voltage is directly proportional to current, while indirectly proportional to resistance.

The degree of electrical injury experienced by an individual can be predicted by Kouwenhoven factors include the type of current, current strength, length of time of exposure, body resistance, and the pathway the current takes in the body in addition to electrical field strength.

Type of current refers to either alternating current (AC) or direct current (DC). AC, the current found in household electrical outlets (generally 50 Hz to 60 Hz; low frequency), changes direction rhythmically, while DC, the current found in most batteries, constantly flows in one direction. Most cardioverters and defibrillators also use DC.

The higher the current and voltage associated with AC or DC, the greater the electrical damage will be. High-voltage current (greater than 500 V to 1000 V) typically will result in deep burns, while low-voltage current (110 V to 120 V) is more likely to result in tetany.

Muscle tetany typically occurs in response to electrical stimulation at a frequency of 40 Hz to 110 Hz, a range in which most household currents exists. If this muscle contraction occurs in the hand, contraction of flexors will cause the affected individual to grasp the source and prolong contact with the electrical source.

Most humans can perceive electrical energy, to touch, at a current of 1 miliamp (mA). Let-go current refers to the amount current (amperage) that will still allow an individual to release the source, even though muscle contraction is induced. The amount of amperage tolerated per individual (let-go current) varies depending on his or her size (i.e., muscle mass and weight). An average 70 kg man, for example, will have a let-go current of approximately 75 mA for DC and 15 mA for AC. Most children can tolerate a let go current of 3 mA to 5 mA, which is much lower than the current generated by most circuit breakers, the electrical switch designed to interrupt electrical flow, when there is an excess of electrical current) found in the home.

It is mainly the frequency of AC that determines the effect it will have on the body. Low-frequency AC tends to cause tetany (prolonged muscle contraction), making it difficult for an affected individual to release the current source, thereby prolonging the length of exposure. For this reason, low-frequency AC can often be more hazardous than high-frequency AC. In general, AC is also approximately three to five times more damaging than DC of equal voltage and current. In addition, DC only causes a single convulsion or contraction, usually propelling the person away from the electrical source.

Finally, electrical field strength must be considered when determining the level of tissue injury. Field strength is determined based on the amount of voltage that is encountered, in addition to the size of the area with which it comes in contact. For example, a very high voltage that comes in contact with a larger surface area may have a field strength that is equal to or perhaps even less than a much smaller voltage coming into contact with a much smaller surface area. For this reason, low-voltage injuries (spread out over a smaller area) can often result in the same amount of damage as high-voltage injuries (spread out over a larger area).

Low electrical field strength is associated with an immediate, uncomfortable sensation (“shock”) that will not result in any significant injury. High electrical field strength, on the other hand, tends to result in either electrochemical or thermal damage to affected tissues with the risk of causing protein coagulation, coagulation necrosis, hemolysis, thrombosis, muscle or tendon avulsion, or dehydration. In addition to the electrical injury itself, high electrical field strength injury can result in massive tissue edema (e.g., secondary to thrombosis, vascular congestion, and muscle swelling secondary to damage), leading potentially to compartment syndrome.  Dehydration (with associated hypovolemia and hypotension) may also occur as a result of this tissue edema. Severe muscle injury may lead to rhabdomyolysis, myoglobinuria, and additional electrolyte disturbances. Altogether, these sequelae place individuals at a very high risk of acute kidney injury.

Potential long-term sequelae of electrical injuries may include neurological (e.g., neuropathy, seizures, syncope, tinnitus, paresthesias, weakness, loss of balance, poor coordination, or gait ataxia), psychological (e.g., memory or attention difficulties, irritability, depression or post-traumatic stress), ocular (e.g., cataracts) or physical (e.g., pain, fatigue, contractures, muscle spasms, pruritus, headaches, fever or night sweats, and reduced range of motion or stiffness in the joints) disturbances.

Clinical picture: An individual that has experienced an electrical injury may present with a variety of complaints or issues, and these may include cardiac arrhythmia or arrest, respiratory arrest, coma, blunt trauma, or an assortment of burns. Some patients may complain of occasional unpleasant sensations without any obvious physical damage, while others may present with a large amount of pain and overt tissue damage. Regardless of the patient’s presentation, it is critical to determine details about the source of electrical injury (e.g., high versus low voltage, AC versus DC), the length of contact, and any resultant trauma that may have occurred.

Patients that have experienced a low-voltage AC injury may present with only superficial burns, or contrastingly, many devastating injuries if there is prolonged contact and/or muscle tetany. Low-voltage AC injuries may potentially result in cardiac or respiratory arrest, arrhythmias (e.g., ventricular fibrillation), or seizures that are unwitnessed. For this reason, electrocution should be considered as a differential for any patient that presents with or has experienced a recent arrest. Additionally, it is important to obtain as much information as possible regarding the electrical injury, from any witnesses or emergency medical service personnel, to guide treatment appropriately.

High-voltage AC injuries are more likely to result in highly destructive thermal burns. It is very rare for a patient that has experienced a high-voltage AC injury to have associated loss of consciousness or arrest.  Under such circumstances the practitioner should, again, try to obtain as much information as possible regarding the injury from witnesses or associated medical personnel.

Regardless of the presenting complaints or extent of the electrical injury, all patients should receive a thorough physical examination to assess the full extent of the damage. In general, morbidity tends to be higher with low-voltage injuries than with high-voltage injuries.

Ventricular fibrillation, for example, may occur with exposure to voltage as low as 50 mA to 120 mA (i.e., lower than the highest accessible current in most households). In addition to arrhythmias and other electrical abnormalities, electrical injuries may also directly damage cardiac myocytes. Therefore, patients may experience delayed arrhythmias as a result of this damage as well (e.g., sinus tachycardia or premature ventricular contractions). Electrical injuries resulting in long-term cardiac sequelae, however, are rare.

If the pathway of electrical current through the body crosses the thorax, there is a risk of chest wall muscle paralysis and concomitant respiratory arrest. Unlike cardiac myocytes, however, lung tissue is a poor electrical conductor, and therefore rarely experiences direct electrical injury.

Skin damage secondary to electrical injury is often the most devastating of associated injuries (secondary only to cardiac complications). Burns may appear minor despite substantial internal injuries (e.g., as with high voltage electrothermal burns) that may necessitate interventional surgery (e.g., amputation or fasciotomy). Burns are generally most severe at the source contact point (entry) and ground (exit), with the severity of any remaining injury depending heavily on the intensity and duration of source contact.

An electric arc is a form of electrical discharge that occurs between two electrodes as electrical current ionizes gases present in the air. This type of current, also known as plasma, a current that passes through a medium is that is normally nonconductive, has the highest current density and is often luminous. Though in nature, electric arcs occur in the form of lightning, this is also a type of electrical current that may be harnessed and used industrially (e.g., welding, plasma cutting, fluorescent lighting). Undesired arcs may also occur as a result of poorly installed circuit breakers, switches, or electrical contact points.   If an individual experiences an electrical arc burn there will likely be skin lesions at the point of source and ground contact points. These lesions characteristically have a dry parchment paper-like center surrounded by a rim of congestion. Based on the location of these wounds, one can determine the likely path of the arc through the body. Arcs may also cause electrothermal, flash, or flame burns in addition to electrical burns; therefore, a variety of wounds may be observed in affected individuals.

Flash burns occur when an individual is in proximity to the heat produced by an electrical arc, and this heat may reach more than 50,000 C. 

Flash burns may pass through the body like an arc burn or, depending on the path of the arc; the flash may only pass over the surface of the skin, thereby causing diffuse superficial or partial-thickness burns without any internal injury.

Pediatric patients may present with oral burns as a result of biting or sucking on an electrical wire or appliance. An electric arc often forms between one side of the mouth to the other, whereby there may be involvement of the orbicularis oris muscle, or potential deformation of the lip if the burn crosses the oral commissure which are the corners of the mouth. There may be a significant amount of associated edema, as well as eschar formation within two to three days. If the eschar involves the labial artery, there may be severe bleeding when the eschar falls off after two to three weeks. These patients should, therefore, be monitored closely and receive adequate follow-up with burn specialists and oral or plastic surgeons.

Secondary blunt trauma as a result of an electrical injury may result in musculoskeletal or head injuries including tympanic membrane, cervical spine, or facial injury and potential subsequent neurological damage. Patients should be thoroughly examined for any signs of impending compartment syndrome (e.g., circumferential burns, vascular abnormalities, and any neurologic or motor dysfunction). Surgical consultation should be obtained as early as possible to avoid any further complications (e.g., severe compartment syndrome necessitating amputation).

Laboratory and instrumental investigation: Victims of electrical injuries should be approached as both trauma and cardiac patients. All adult patients that have experienced an electrical injury should receive an electrocardiogram (ECG) and cardiac monitoring. Prolonged monitoring is warranted for any patient who presents with chest pain, abnormalities on ECG, known transthoracic path of electrical injury, cardiac arrest, loss of consciousness or known cardiac history. Most patients that have no significant injury or cardiac abnormalities on initial assessment are unlikely to develop any cardiac abnormalities after 24 to 48 hours. 

In general, patients with a normal ECG who have experienced a low-voltage electrical injury, without any cardiac complaints or cardiac history, may be safely discharged home following a thorough physical examination. Similarly, children that experience a low-voltage, household current electrical exposure without any significant injury or pre-existing cardiac history may be discharged following a thorough physical examination.

Laboratory studies that should be considered in any patient that experiences an electrical injury include a complete blood count (CBC), complete metabolic panel including assessment of electrolyte and creatinine levels, urinalysis, serum myoglobin (if urinalysis reveals myoglobinuria), and an arterial blood gas analysis if patient presents with rhabdomyolysis or requires respiratory support. Creatine kinase (CK) levels should also be assessed, especially if rhabdomyolysis is suspected. Creatine kinase-MB (CK-MB) and troponin levels should be assessed as well if the path of electrical current is suspected to have traversed the chest, if the patient complains of chest pain, or if there is any abnormality noted on ECG such as arrhythmia or signs of ischemia.

Imaging studies may also be considered, depending on the type of injury and associated complaints. A chest radiograph is warranted for any patient that presents with cardiac or respiratory arrest, chest pain, shortness of breath, hypoxia, experienced fall or blunt trauma, or required cardiopulmonary resuscitation (CPR). A head computed tomography (CT) is warranted for any patient that presents with altered mental status, known trauma to the head, loss of consciousness, seizure or any focal neurologic deficits. In addition to a head CT, these patients should be immobilized at the cervical spine, and imaging of the cervical spine may also be considered (may not be warranted in a patient with no focal neurologic deficits, no changes in mental status, or no significant injury).

It is important to note that the severity of an electrical injury is not related to the extent of external burns on an individual’s body such that lack of an external burn does not predict the absence of electrical injury to internal tissues. Therefore, some patients may require additional CT or ultrasound imaging depending on the path of electrical current through the body to assess for any internal tissue injuries (imaging modality of choice depending on the tissue being examined).

Finally, high-voltage or prolonged low-voltage electrical exposure may result in tissue damage that necessitates fasciotomy. Surgical consultation should be obtained as soon as possible under such circumstances; as prompt fasciotomy may help avoid further complications like amputation.

Treatment: On arrival in the emergency department, patients that have experienced an electrical injury should be stabilized and provided both respiratory and circulatory support as needed (according to advanced cardiovascular life support [ACLS] and advanced trauma life support [ATLS] protocols). Cardiac monitoring should be initiated in all patients that have experienced anything greater than a minor low-voltage burn.

Any patient with facial or oral burns, hypoxia, respiratory distress, loss of consciousness or other issues resulting in difficulty protecting the airway or maintaining a patent airway should be given oxygen and airway protection (e.g., ventilation, intubation, cricothyrotomy).

Depending on the type of trauma or injury experienced, the patient may require cervical or spinal immobilization. A primary assessment evaluating for traumatic injuries (e.g., pneumothorax, fractures) should be performed as soon as possible. Following the primary assessment, any patient with significant burns or suspected rhabdomyolysis (myoglobinuria) should be given fluid resuscitation (with target urine output 0.5 mL/kg/h to 1 mL/kg/h). An osmotic diuretic (mannitol), a loop diuretic (furosemide) or urine alkalization (with sodium bicarbonate titration) may also be employed if additional diuresis is needed.

Intravenous (IV) access should be obtained in all adult patients that have experienced an electrical injury. If there is significantly associated trauma, cardiac or respiratory arrest, or loss of consciousness, central IV access should be considered.

Proper burn care should be initiated, including a tetanus vaccination, if needed, and proper splinting and/or bandaging following a thorough neurovascular assessment.

Any patient that has experienced cardiac or respiratory arrest, loss of consciousness, chest pain, hypoxia, arrhythmia, significant trauma or burns, or displays abnormalities on ECG should be admitted for further inpatient care. This may additionally be followed by transfer to a burn care or rehabilitation center as necessary.

Finally, consultations with trauma and/or critical care specialists, surgical specialists, and orthopedists should be considered as soon as possible to avoid any complications or irreversible damage.

Prior to discharge, patients should be educated on potential sources of household and workplace exposures and risks, in addition to any potential long-term effects of their electrical injuries (e.g., neurological, psychological or physical) and scheduled follow-up as needed.

To consolidate the knowledge gained, solve situational tasks:

1. You came to the challenge. On the street lies a person without consciousness. Air temperature -20 degrees C, wind. At examination, the patient has a sharp pallor of the skin of the fingers, the capillary pulse is not determined, and the fingers are covered with ice crust.

Your diagnosis and actions?

2. The surgical department received a patient with complaints about the lack of sensitivity in the fingers of the feet, swelling of them. When collecting anamnesis it turned out that on the eve of the cold long waiting for public transport. Frozen fingers of the feet. The houses were warming their feet in the hot tub, but the sensitivity did not recover. When viewed: feet are swollen, cyanosis of the fingers is noted, lack of sensitivity in them, capillary sample is negative.

What is your diagnosis and treatment?

3. The surgeon-intern hospitalized a patient who got lost in the woods during a ski walks. Patient with consciousness, but inhibited; body temperature lowered to 32 degrees C. Senior colleague surgeon advised him along with medication therapy to warm the patient as soon as possible. What way can this be done?

4. Patient K., 58 years was on the winter fishing. When he came home, he felt pain in feet after a while. He turned to the doctor. On objection examination of the feet, the skin was pale, and after warming it became red, warm to the touch. Swelling - insignificant, limited by fingers. All types of sensitivity are preserved. No blisters. What is the degree of frostbite?

5. During work on the sawmill, workers heard a cry of a colleague which was repair the electric motor. At the place where this happened was found electrician S., 29 years old, who convulsive kept for the  device wich is not turned off by mistake. What do you need to do first when providing first-aid for the victim?

6. From a district hospital in a clinic a patient is delivered with frost-bit of both foots in a late reactive period. The state of patient is heavy. Both feet fillings out, sharp cyanosys of skin is marked on them  by a grey tint, a sensitiveness absents fully. For the lines of demarcation – blisters with festering maintenance. A skin is on the shins of hyperemia. A temperature of body is 38 degrees .

What is diagnosis, additional inspections and medical tactic?

7. A patient with frost-bit of foots of III-IV degree on fifth days after a trauma began to grumble about a weakness, fervescence to 39 degrees, cough, shortness of breath. Both feet fillings out, skin of shins of hyperemia.

What complication could develop for a patient? What additional inspections for clarification of diagnosis will you conduct? Your medical tactic?

8. Patient A., 43 years, delivered in a hospital after the  stay in winter in mountains. At a receipt: complaints are pain in both feet and their numb. Objectively: the skin of foot is pale, cold, the sensitiveness of it is mionectic, a pulsation on peripheral arteries is sharply hyposthenic. What first aid must be rendered a victim?

9. Patient which the electro-burn of the right IV degree raceme 2 days ago entered to surgical department. At a brush, forearm and shoulder, fillings out sharply, hard at palpation. A sensitiveness in the s of brush is hyposthenic.

What urgent surgical treatnebt must you ?
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General: tiredness;
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hypo- and adynamia





Local: Diseases of blood vessels;


Trauma and frost-bite in anamnesis
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Classification 





Deep





Superficial 





Іst – hyperemia and swelling of skin





ІV – overall necrosis of skin and tissues 





ІІІ – necrosis all layers os skin and some parts of fat tissues 





ІІ – damaging under Malpighian layer, blisters
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Checking degree of damage (tests)





Capillaroskopy of nail-bed, contrasting angyography, thermography, X-ray investigation of bones, reovasography, level of creatinkinase
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Current damages tissues during going through human body





Burns by voltage arc


Burns after combustion of clothes


Trauma after fall down
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Tetanic cramps, tiredness, drowse, headache, faint
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Necrosis along vessels 
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Symptoms of high intracerebral pressure
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Cardio-vascular system





Pain, arrhythmia, fibrillation, asystole, hypo-, hypertension





Respiratory apparatus





Anhelation, apnoea, small pulmonary bleeding





Hyposalivation, nausea, vomiting, constipation, diarrhea





Gastrointestinal tract





Stop of electric current, cardiopulmonary resuscitation, general massage of body, sterile wound dressing, transportation to hospital
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Treatment





Local





Prophylaxis of hepatic insufficiency


Prophylaxis of kidney insufficiency


Correction of arrhythmia


Antibiotic therapy 


Prophylaxis of tetanus





General





Complications 





Secondary necrosis of tissues, late bleeding, osteomyelitis, neuritis, neuralgia, contraction, functional and organic disorders internals








