Emergency Medicine—Burns
Thermal Burns

Burns are the 3rd leading cause of accidental death in the US.  Scalds are caused by liquid or steam.  Pre-scholars have the highest age specific incidence of burns.  Improved survival and long-term outcomes are due to medical advances in burn management and development of burn centers.  Risks of burns include death from infection, fluid loss, life-long disfigurement, contractions due to scarring of burns which can lead to loss of function.  
Acute Management

1) Minimize further damage

2) Identify those needing hospitalization

3) Begin measures to promote healing

4) Follow-up – limiting disfigurement and dysfunction

Pathophysiology


Burns can involve damage to certain organs.  Smoke from fire can lead to damage of internal organs as well.  Results in fluid loss due to evaporation.  There is an inflammatory response occurring, leading to leakage and sequestration of ECF.  Fluid can form a blister or sticky eschar and can result in fluid loss.
Clinical Features


Burns are categorized by size and depth.  Burn size is calculated as percentage (BSA) of body surface involved.  Estimated by use of “rule of nines”.  Burn depth was historically described in degrees.  Burn depth has an impact on healing time, need for hospitalization, and surgical intervention.  Now, burns are classified as superficial, superficial partial thickness, deep partial-thickness, and full thickness.
Superficial Burn


Superficial burns are caused by UV light and flame exposure.  Involves the epidermis.  Appearance is dry and red and blanches when pressed on.  Very painful.  Usually heals within 3-6 days.  Scarring is unusual.
Superficial Partial-Thickness Burn


Superficial partial-thickness burns are caused by scald or short flash.  Involves the epidermis and superficial layer of the dermis.  Appears with blisters, moist, red, weeps, and blanches with pressure.  Painful to air and temperature changes.  Healing time is 7-20 days.  Scarring is unusual but the patient may have pigment changes in the area later on.
Deep Partial-Thickness Burns


Deep partial-thickness burns are caused by scald, flame, oil, or grease.  Involves the epidermis and deeper layers of the dermis.  Appears with blisters, wet and waxy looking skin, and dryness.  Color appears cheesy and wet to red.  Does not blanch with pressure.  Patients perceive pressure only, not pain.  Healing time is greater than 21 days.  Scarring is severe with risk of contracture
Full Thickness Burns


Full thickness burns are caused by scald, flame, steam, oil, grease, chemicals, and high voltage.  Involves the epidermis, dermis, and subcutaneous tissue.  Appearance is waxy-white, leathery, gray, and can be as far as charred and black.  The skin is dry and elastic and does not blanch with pressure.  Nerve endings, sweat glands, and hair follicles can be destroyed.  Patients do not perceive pain, just deep pressure only.  Healing time is very extended.  Severe risk of contractures
American Burn Association Grading System for Burn Severity and Disposition of Patients

Minor

1) Partial thickness - <10% BSA in adults

2) Partial thickness - <5% BSA in child or elderly

3) Full thickness - <2% BSA

4) Can be managed as outpatient
Moderate

1) Partial thickness – 10-20% BSA in adults

2) Partial thickness – 5-10% BSA in child or elderly

3) Full thickness – 2-5% BSA

4) Any circumferential burn
5) Comorbid conditions
6) Need hospitalization 
Major

1) Partial thickness - >20% BSA in adults

2) Partial thickness - >10% BSA in child or elderly

3) Full thickness - >5%

4) High voltage burn
5) Smoke inhalation
6) Significant burns to eyes, ears, genitalia, hands, feet or joints or associated injuries with these burns
Management of Burns – 6 C’s!
Clothing

1) Any clothing, hot or burned, should be removed

2) Can apply mineral oil prior to taking clothes off so skin is not ripped

Cooling

1) Sterile saline soaked gauze moderately cooled to 54oF applied to burn tissue

2) Do not apply ice!
Cleaning

1) Irrigate to remove any adherent clothing – use local or regional anesthesia
2) Use mild soap and water and rinse thoroughly 

3) Remove necrotic tissue.  Yellow eschar of partial thickness burn does not need to be removed; can lead to severe bleeding and pain.
4) Removed ruptured blisters

5) Persistence of blisters for weeks indicates presence of underlying partial thickness or full thickness burn.
Chemoprophylaxis

1) Tetanus shot if deeper than superficial partial thickness

2) All suspected burn infections need aggressive therapy and admission

3) Other burns should have topical prophylaxis with silver sulfadiazine cream (Silvadene) or Bacitracin
Covering

1) Dressing provide anesthetic relief, barrier for infection, keep wound dry by absorbing drainage

2) Lightly apply gauze over fine mesh gauze with antibiotic

3) Change dressing when it becomes soaked with exudate
Comforting

1) Analgesics – NSAIDs
2) Avoid aspirin due to platelet inhibition and risk for bleeding

3) Need a stronger narcotic prior to dressing changes
Minor Burns – Management

1) Superficial burn – anti-pruritics, analgesics, lubricants, and corticosteroids.

2) Superficial partial-thickness burn – cleaning, debridement, dressing, analgesics

3) Deep partial thickness burn/full thickness burns – if <3cm in width, need cleaning, debridement, dressing and analgesics.  If >3cm, need burn specialist.  Might need escharotomy.

4) Infected burn – parenteral antibiotics, surgical evaluation for biopsy and skin grafting.  Topical prophylactic antibiotics to prevent infection, 
Inpatient Management

1) IV fluids.  
2) Use Parkland formula – 4ml/kg times percentage of BSA over 24 hours post-injury.  Half is given in first 8 hours post-injury, remaining half given over next 16 hours.
3) Monitor urinary output
Hospital Admission

1) Circumferential partial thickness or full thickness burns

2) High voltage injuries

3) Those who have low system immunity

4) Children whenever child abuse is suspected

*Outpatients should follow-up on next day!

Smoke Inhalation


Risk factors for smoke inhalation include fire in enclosed places, patients mentally impaired such as those with alcohol intoxication and drug abuse.  Heat and toxic gases produce edema to upper and lower airways leading to upper airway obstruction and lower airway obstruction.  Always assume CO poisoning in patients with smoke inhalation.
Clinical Manifestations

1) Facial burns

2) Singed nasal hairs

3) Soot in nose or mouth

4) Hoarseness

5) Black-tinged sputum

6) Wheezing
Diagnostics

1) Fiberoptic bronchoscopy or xenon ventilation – helps if unsure of smoke inhalation.  Perfusion scanning results in earlier diagnosis of inhalation injury
2) Arterial carboxyhemoglobin level – for CO poisoning 
Management

1) ET intubation if oral burns, circumferential neck burns, stridor, respiratory distress, AMS

2) Smoke inhalation require humidified oxygen, ET, bronchodilators and observation for 12-24 hours

3) Hyperbaric oxygen if carboxyhemoglobin level >10%
Burn Center Referral Criteria

1) Partial thickness burns >10% BSA

2) Burns to face, hands/feet, genitalia, perineum, and joints

3) 3rd degree burns

4) Electrical burns

5) Chemical burns

6) Inhalation injuries

7) Burns with comorbid condition

8) Burns with trauma
Chemical Burns


Chemical burns are caused by acids, bases, or other chemicals that come in contact with the skin such as lye, paint removers, disinfectants, bleach, and toilet bowel cleaner.  Usually affects the face, eyes, and extremities.  Time for wound healing and length of hospital stay is longer than thermal burns
Clinical Manifestations

1) Alkali produces more damage than acids.  Cause a liquefaction necrosis and are more dangerous than acid.  They liquefy tissue by denaturation of proteins and penetrate deeper
2) Acids produce coagulation necrosis by denaturing proteins upon tissue contact

3) Type of chemical and concentration as well as type of exposure

4) Time and duration of exposure – hydrochloric acid and sulfuric acid produce a coagulation necrosis resulting in dark skin to areas of exposure.  Hydrofluoric acid is similar to alkali, resulting in progressive pain and tissue destruction
History

1) Symptoms immediately after injury, such as pain, burning, numbness, LOC, respiratory distress, oral, or ocular discomfort

2) Any decontamination at the scene
Physical Exam

1) ABC’s 

2) Drooling, stridor, hoarseness, oral swelling

3) Depth/size classification as in thermal burns
Burns to the Eyes
1) Acid ocular burns quickly precipitate proteins resulting in a ground glass appearance

2) Alkali burns are more severe due to liquefaction.  Blanched conjunctiva, opacified cornea that obscures view of the iris and lens
Management

1) ABC’s 

2) Decontamination – dilute with NS.  Never attempt to neutralize the acid/alkali.
3) Pain management – morphine sulfate
4) Tetanus prophylaxis

5) Cutaneous exposure – brush of powder, rinse affected area.  Be sure all clothing is removed
6) Oral/GI – rinse mouth, ABC’s.  Do not give ipecac syrup or lavage due to risk of further injury.
7) Ocular – rinse eyes with copious amounts of isotonic NaCl for 30 minutes to 1 hour.  Anesthetic drops for pain relief; may give Tetracaine or proparacaine.  Check pH of eye 30 minutes after irrigation and continue until pH is normalized at about 7.4.  
8) Hydrofluoric acid – calcium is used to treat.  Most commonly affected the hands.  Calcium chloride, KY jelly, or hydrocellulose is placed on the patient’s hands.
Electrical Injuries


Toddler’s are at increased risk for electrical burns.  Electricity and heat lead to damage.  Severity depends on current AC or DC (alternating current or direct current).  Low-voltage AC causes muscle tetany.  High voltage AC/DC cause a single violent muscle contraction which throws the victim from the source.  In electrical injuries, the greatest damage to nerves, blood vessels, and muscles.  Coagulation necrosis, nerve death, and damage to blood vessels occurs.  Low voltage AC leads to v-fib.  High voltage AC/DC leads to asystole.
History Questions

1) Voltage and type of current – standard household, power lines and electrical transformers

2) Length of exposure – brief or sustained
3) Any conditions associated with injury
Physical Exam

1) ABC’s 

2) Neurologic exam

3) Secondary injury

4) Look for entrance and exit

5) CK-MB
Management
1) Spinal immobilization

2) Oxygen

3) Cardiac monitoring

4) Treat arrhythmias

5) Might need fluids if rhabdomyolysis to prevent renal failure

6) Tetanus

7) Seizures
Disposition – following patients should be admitted

1) High voltage >600 volts

2) Systemic injury

3) Subcutaneous tissue damage

4) Arrhythmia

5) Comorbid disease

Lightning Injuries


Patients who participate in water sports are at increased risk for lightning injuries.  Suspect in any patient found outside in cardiac arrest.  Lighting is DC current with high voltage discharge of energy.  Direct strike is when the bolt hits the individual directly.  Contact arc is when the individual is in contact with the object that was struck.  Side-flash is a thermal flash burn that occurs when the patient is close to the object that was struck.
Clinical Manifestations

1) Can result in cardiac arrest

2) Minor injuries – AMS, amnesia

3) Headache, muscle pain, paresthesias, temporary visual or auditory difficulty

4) Mild tachycardia/HTN

5) Patients might have ruptured TMs or erythematous skin markings 
Differential Diagnosis

1) Stroke

2) Intracranial hemorrhage

3) Seizure

4) Neurologic trauma
Complications – cardiovascular, neurologic, eye, ear, renal systems

1) Dysrhythmias

2) LOC, intracranial hemorrhage, amnesia, hemiplegia, seizures, Parkinsonian syndromes, paresthesias
3) Burns to skin

4) Cataracts, corneal lesions, uveitis, macular degeneration, retinal detachment

5) TM rupture, tinnitus, ataxia, vertigo

6) Myoglobinuria and possible renal failure

7) DIC
Management

1) Spinal immobilization

2) Cardiac monitoring – treat arrhythmias

3) Pulse oximetry/BP monitoring

4) Oxygen

5) Tetanus

6) Seizures

7) Admit for close monitoring of cardiac and neurologic status 
Radiation


Radiation describes energy in the form of light or particles (photons).  Damage depends on dose of radiation.  Death occurs due to destruction of hematopoietic organs, GI, mucosal damage, CNS damage, and vascular injury.  Non-ionizing is long wavelength, low frequency, and low energy radiation. Ionizing is short wavelength, high frequency, and high energy radiation.  Leads to acute radiation syndrome.  Similar to radiation treatment in cancer patients.  Alpha does not penetrate epithelium.  Beta is high energy found in fallout radiation; produce damage similar to thermal burn but is stopped by clothing.  Gamma is high energy; passes through clothing 
Clinical Manifestations

1) Cutaneous – erythema, Epilation, destruction of fingernails

2) Hematopoietic tissue – bone marrow, decrease in production of blood elements (lymphocytes, then neutrophils).  Can be transient or lead to pancytopenia

3) Cardiovascular – pericarditis, myocarditis, smaller vessels easily damaged

4) Respiratory – delayed pneumonitis

5) Gonads – transient aspermatogenesis.  Larger doses can lead to sterility, embryonic death, and abortion

6) Mouth, pharynx, esophagus, and stomach – mucositis with edema and painful swallowing of food

7) Viscera, endocrine glands – hepatitis and nephritis as delayed complications

8) Nervous system

9) Intestines
Acute Radiation Syndrome

1) Prodrome – exposure-4 days

2) Latent period – 2-6 weeks

3) Third phase – BMS as early as 24 hours.  Massive fluid loss, bloody diarrhea found with higher dose.  Neurological syndrome with high doses from few hours to 3 days including seizures, coma, and death
Treatment

1) Decontamination 

2) No specific treatment

3) Potassium iodide to prevent reuptake by thyroid

4) Massive fluid replacement second to vomiting
5) Disposition – all patients should be hospitalized
