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Prehospital Management

●
Create a safe environment for bystanders and rescuers.1, 3, 4, 5, 7

○
The victim may still be part of a live circuit. Therefore, turn off the power source before approaching the victim or the surrounding area. Particularly for high-voltage injuries, the safest approach is to involve authorized personnel, such as the local power company, in disconnecting the power source. 

●
Basic life support 

○
After securing the surrounding area and turning off the power source, determine the cardiopulmonary status of the patient.6, 7, 8

○
When head or neck trauma is suspected or unknown, ensure cervical spine immobilization during extrication and treatment.3, 4, 5, 6, 9

○
Secure the airway (by artificial means, if necessary), and start rescue breathing and chest compressions as soon as possible in the victim with cardiac and/or respiratory arrest.1, 4, 5, 6, 7 

○
In patients with burns of the face, mouth, or neck, provide intubation early as soft-tissue swelling can develop rapidly and compromise airway control measures.1, 6

○
To prevent further thermal damage, remove smoldering clothes, etc.6 

○
Provide supplemental oxygen.4, 6, 7

○
Cover burns with clean, dry dressings.
○
Splint suspected fractures/dislocations.

●
Resuscitation and acute life support 

○
Electrical injury victims require a combination of advanced cardiac life support (ACLS) and advanced trauma life support (ATLS) as they may sustain cardiac and respiratory arrest in addition to burns and blunt trauma (secondary to falls or being thrown from the power source).3, 4, 7, 8 

○
Prompt and prolonged resuscitation is recommended. Prognosis is good because most victims are young and presumably in good health without underlying heart disease. Therefore, successful resuscitation may be more likely than that observed for cardiac arrest from other causes.1, 5, 6, 7, 9
○
Use standard ACLS techniques, including cardiac drug therapy, to treat ventricular fibrillation, ventricular asystole, and other serious arrhythmias.6, 7 If defibrillation or cardioversion is necessary, energy levels recommended by standard ACLS protocols should be used.7 

○
Insert at least one large-bore intravenous line in anticipation of fluid resuscitation in the field and/or in the emergency department.3, 5, 8

●
Transportation for further care
○
All high-voltage injury victims (i.e., 600V or greater) should be transported to the emergency department for further evaluation.8 

○
Recommendations for transport of low-voltage injury victims vary; however, if the victim has any concerning or suspicious signs/symptoms, he/she should be transported to the emergency department immediately.  

Emergency Department Management

●
History – Obtain history from the patient (if able), bystanders, rescuers, relatives/friends on voltage level and type of electrical source, mechanism of injury (direct vs. indirect contact), resuscitative measures in the field (e.g., fluid and/or ACLS drug administration), medical history (particularly cardiac), current medications, tetanus immunization status, and drug allergies.1, 8 


○
Determine if injury was low-voltage (( 600V) or high-voltage (( 600V). 

▪
Voltage is one parameter in electrical injury that can be reliably estimated most of the time from the scene.1, 4, 7

▪
High-voltage injuries are generally more serious and more likely to involve internal damage. For this reason, if a high-voltage injury is established or suspected, more aggressive fluid resuscitation is required, and triage of the patient may proceed differently than in low-voltage patients. High-voltage injuries often produce much greater damage than is apparent by inspection in the emergency department.1, 2, 4, 8, 10

○
If possible, determine the type of electrical source, alternating current (AC) vs. direct current (DC). 

▪
A history of DC exposure generally involves a single muscle spasm that throws the victim from the source. These injuries are oftentimes seen in electrical train circuits. The victim has a shorter duration of electrical exposure but increased risk of traumatic blunt injury.1, 7, 8

▪
A history of AC exposure generally involves a “no let go” response with tetanic (continuous) muscle contractions, and hence, prolonged exposure to current. Therefore, these injuries are generally much more severe than injuries due to DC and carry high risk of extensive tissue destruction and/or cardiac abnormalities.1, 6, 7, 8


○
If possible, determine the mechanism of injury, i.e., direct vs. indirect contact. Knowing the mechanism can help in directing management and/or offering a prognosis. 

▪
If the injury was a flash or thermal burn as an indirect result of electric current, internal injuries are unlikely. 

▪
If the burn injury resulted from an electrical arc (indirect but striking the body at destructively high temperatures) or from direct contact, the risk of internal injury is high, and greater precautions should be taken.1, 8 Current flows easily through nerve, blood, and muscle, creating electrical disruption, whereas tissues with higher electrical resistance, such as bone, tendon, and fat, will more likely develop damage from thermal burn injury when exposed to significant electrical current. 

●
Physical examination 

○
Skin –  Common entry (or source/contact) burn wounds include the hands and skull. Common exit (or ground) points include the hands and heels. Multiple contact and ground points may be present.8 

▪
The “kissing burn” at the upper extremity flexor creases from an electrical arc generally indicates extensive underlying tissue damage.8 
▪
Small entry/exit wounds are not an accurate indication of the extent or depth of tissue damage.9 

○
Extremities – In patients with burns, look for signs of compartment syndrome/neurovascular compromise (see “Burn management”). Additionally, fractures of the long bones/spine and dislocations of major joints are common due to tetanic muscle spasms, falls, and/or being thrown from the power source, and may be overlooked initially.5, 8, 9
○
Vascular – As mentioned above, look for signs of vascular ischemia secondary to compartment syndrome. Monitor for signs of thrombosis and/or hemorrhage. Caution should be taken as vascular damage may not be apparent on first inspection and can be delayed.7, 8, 9

○
Neurologic – Look for signs of intracranial injury (cranial nerve deficits, loss of consciousness, altered mental status, confusion, poor recall, etc) due to blunt trauma. Spinal cord injury from fractures due to fall/muscle spasm can manifest as paresis, paresthesia, and weakness.5, 8
○
Visceral organs – Look for signs of internal injuries to the lung, pancreas, liver, small and large intestines, bladder and gall bladder as these have been reported in association with electrical injury. Abdominal injuries from ischemia, vascular damage, burns, or associated blunt trauma may be missed initially.8
○
Cardiac – Irregular pulse or other abnormal heart findings can point to any number of cardiac abnormalities due to electrical injury, including ventricular fibrillation and asystole (with cardiac arrest), AV nodal blocks, sinus tachycardia, myocardial damage, etc.5 

●
Laboratory testing 

○
Basic laboratory tests 



▪
Complete blood count - baseline value

▪
Electrolytes - baseline value to guide fluid management 



▪
Urinalysis 

▪
If urinalysis is heme positive, one or both of the following lab tests are appropriate:

· Microscopic analysis of urine sample – If red blood cells are absent, assume myoglobinuria, and treat accordingly (fluid resuscitation and diuresis). 3 

-
Urine myoglobin – If urine myoglobin is positive, myoglobinuria is confirmed; treat accordingly (fluid resuscitation and diuresis). 

○
Other laboratory testing for consideration

▪
Serum myoglobin level 

▪
Creatinine kinase (CK) – helpful in the assessment of muscle damage if present or suspected 

▪
Type and cross-match in anticipation of transfusion if needed 3
▪
Pancreatic/hepatic enzyme levels and a coagulation profile in patients with severe electrical injury or suspected intra-abdominal injury 3, 8 

●
Studies/Imaging


○
Electrocardiogram (ECG) for all electrical injury victims 1, 3-12 

○
Chest x-ray indicated to evaluate shortness of breath or blunt trauma, which can result from CPR in the field, involuntary contraction of muscles due to electrical shock, or indirectly from falling 1

○
CT or MRI of the head indicated for victims with loss of consciousness and/or altered mental status to rule out intracranial hemorrhage due to falls or direct injury by current 3, 5, 8
○
Spine x-rays or CT indicated if a spinal injury is suspected or in victims lacking adequate assessment due to altered mentation or pain 3
○
Radiographs of any other body parts as indicated, particularly those with deformity or pain 3 

●
General Treatment
○
Fluid resuscitation in the presence of myoglobinuria, burns, or the suspicion of deep tissue damage  

▪
Do not use standard formulas for calculating fluid requirements in electrical injury victims (particularly, high-voltage) with myoglobinuria, burns, or evidence/suspicion of deep tissue damage. These injuries should be treated as crush injuries as there is often a large amount of tissue damage under normal-appearing skin or limited cutaneous burns.3, 5, 9 Significant fluid sequestration in damaged areas should be anticipated, and therefore, volume replacement must be adequate.9
▪
The fluid requirement is approximately 1.7 times the calculated fluid requirement per standard formulas of percentage body surface area burned.5

▪
Suggested fluids are Ringer’s lactate or normal saline.


▪
Suggested rates of fluid administration and urine output: 

· For Ringer’s lactate, 10 mL/kg/h IV should be administered during initial resuscitation.1 Alternatively, use NS 10-20 mL/kg bolus IV.

· If myoglobinuria exists, fluids administered should produce a urine output of 70-100 mL/hr in adults 2, 5, 9 or 1 to 1.5 mL/kg/hr until myoglobin is cleared 3. 

· Urine output should be maintained thereafter at 50 mL/hr 5 or at 0.5 to 1.0 mL/kg/hr.8
▪
If the patient has a central nervous system abnormality, be cautious as hydration can worsen cerebral edema if present.1

▪
A central line may be needed to monitor fluid status in patients with severe burns.1, 2

○
Diuresis 

▪
Mannitol or furosemide is appropriate and necessary in the presence of myoglobinuria, particularly if urine has not cleared of pigment/myoglobin in a timely manner (e.g., over 3 hours) with fluid administration.2 The purpose of diuresis is to ensure high urine output in the prevention of acute tubular necrosis and renal failure due to myoglobinuria.1, 2, 5, 9


▪
Suggested management, rates, and adjunct therapy: 

· For mannitol, 50-200 g/24h IV is administered.1 More specifically, 25g IV as a 20% solution is administered initially, and then, 12.5g IV hourly for 4-6 hours.9 Dose is adjusted to maintain a urinary output of 30-50 mL/h.1
· For furosemide, initial dosage is 20-40 mg IV slowly, and subsequent dosing should be adjusted to maintain a urinary output of 30-50 mL/h.1

· Consider infusing sodium bicarbonate (150 mEq/L) to alkalinize the urine and to reduce tubular pigment deposition.2
●
Consultations and/or Transfer
○
Significant electrical burns require burn specialists, and transfer to a burn center is recommended.1, 2, 3, 5 

○
Trauma and/or critical care specialist may also be needed and should be consulted in appropriate cases.1, 2

○
Consult early with a surgeon in high-voltage injury cases as the patient may require emergent fasciotomy or escharotomy, carpal tunnel release, and/or amputation of non-viable extremities.1, 3

○
Children with burns to the lips from electrical cords require consultation with a plastic or oral surgeon, due to the risk of significant bleeding and cosmetic deformity. 
●
Burn management
○
Frequently monitor for compartment syndrome in electrical burn patients, particularly those with deep partial-thickness to full-thickness burns, by performing neurovascular checks. Assess for peripheral pulses, skin perfusion, and function.2, 5, 8  Urgent indications for fasciotomy include cyanosis of distal uninjured skin, impaired capillary filling of nail beds, progressive neurologic changes, and edema with extreme tightness of muscle compartments.5

○
General points: (1) keep patient warm; (2) do not apply wet linens or ice; (3) do not cool the patient.2

○
Antibiotic management: Applying topical antibiotics before transfer to a burn center is unnecessary if transfer takes place within 24 hours. Otherwise, topical antimicrobials with efficacy against gram-negative organisms, such as mafenide acetate and silver sulfadiazine, have a significant impact on postburn survival. Systemic, prophylactic antibiotics are not indicated in burn injuries.2, 3, 5, 8

○
Splinting: Burned extremities should be splinted in functional position to minimize edema and contracture formation.8

○
Pain management: IV narcotics may be administered in frequent, small doses.2
○
Tetanus prophylaxis: For serious burn injuries, administer tetanus toxoid and tetanus immune globulin according to immunization history.3, 5, 8, 9

●
Cardiac management
○
Electrocardiogram (ECG) - All victims sustaining electrical injury require an ECG to evaluate for arrhythmia and/or myocardial damage. Cardiac abnormalities can occur after both low- and high-voltage injuries.1, 3, 10

○
Cardiac monitoring per telemetry 

▪
Low-voltage injury victims with a normal ECG generally do not need cardiac monitoring as they are at low risk for delayed cardiac abnormality. 3, 11, 12  They can be discharged safely from the emergency department if they do not meet any of the suggestions for hospitalization as outlined below. 

▪
Cardiac monitoring is suggested in high-voltage injury victims regardless of the ECG result and in low-voltage injury victims with an abnormal ECG. 3, 11, 12 Duration of monitoring prior to deciding disposition (hospitalization or discharge) is not agreed upon by experts, but monitoring for up to 4 hours has been suggested.12 

○
Suggested indications for hospitalizing an electrical injury victim for cardiac monitoring include:  

▪
All victims (regardless of voltage) with history of loss of consciousness or documented dysrhythmia, either before or after admission to the emergency department 10; 

▪
Victims with ECG evidence of ischemia 10; 

▪
History of cardiac disease, significant risk factors for cardiac disease, hypoxia, chest pain, and/or concomitant injury severe enough to warrant hospital admission (e.g., a large burn) 5, 8.  
●
Disposition

○
Hospitalization for in-patient observation or treatment of electrical injury victims
▪
Hospitalization for cardiac monitoring is suggested per the signs/symptoms listed above. 

▪
Hospitalization also is suggested for patients with high-voltage exposure, significant burns, myoglobinuria/myoglobinemia or suspicion of deep tissue damage, an usually large elevation (> 2 to 3 fold) in creatinine kinase, and/or signs/symptoms of neurologic dysfunction.1, 9 

○
Discharge of electrical injury victims  
▪
If none of the suggestions above for hospitalization are met, the victim can be discharged safely from the emergency department at the discretion and best judgment of the physician, which should be based on a comprehensive evaluation of patient history, physical findings, and appropriate lab/imaging results. 

▪
Close follow-up should be arranged with the victim’s primary care provider. 
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