


Burn and Inhalation Injury



Objectives
At the conclusion of this presentation 

the participant will be able to:

• Identify types of burn injury
• Describe assessment of the burn patient
• Identify patients requiring transfer to a burn center
• Understand the significance of inhalation injury on burn 

patient outcomes

Presenter
Presentation Notes
The objectives for this presentation include: Identify the different types of burn injury including mechanism of injury and the varying degrees of burn depth. Describe the assessment priorities of the burn patient during initial management. Evaluate and initiate treatment and identify when burn patients need to be transferred to a burn center.



Epidemiology
486,000 burns per year seen in ED 

• 221,519 admitted with ICU stay
• 62% male
• 56% age 20 to 59.9 years
• 22.5% are <16 years
• 16.9% are >60 years
• 63% are < 10% (TBSA)
• 72.5% of burn injuries occur in the 

home

American Burn Association, 2019

Presenter
Presentation Notes
486,000 burn injuries were seen in emergency department with 221,519 admitted with ICU stays per ABA. Those admitted with ICU stays increased over 8,000 between 2009-2018 compared to the previous report.Children under age 16 who were admitted increased from 9% to 22.5% of the total reported burns, and patients over 60 account for almost 17% of the cases.



Burns and Trauma
Type of Injuries

• Fractures: 45 - 64% 
• Complex soft tissue 

injuries: 36 - 52%
• Traumatic brain injury: 

17 - 26%
• Thoracic and abdominal 

injuries: 4 - 24% 

Common Causes
• MVC
• Scald during assault
• Plane crash
• Explosion with shrapnel

Presenter
Presentation Notes
Only 1-5% of all burn patients also have traumatic injuries.Traumatic injuries incurred with burns complicate care and management of the burn patient. The key to the initial management of a combined burn/trauma patient is that the presence of burn wounds should not interfere with the basic resuscitation and stabilization. Highest priority in care is airway, breathing and IV access and management of life-threatening injuries, whether penetrating, blunt, or burn.. 



Morbidity and 
Mortality

• Mortality for all cases 
ranged from 3.0-5.4% for 
fire/flame injuries.

• Average length of stay 
8.5-10 days.

• Factors affecting 
mortality:
• Age
• % TBSA
• Inhalation injury

Presenter
Presentation Notes
Mortality rate for all cases is 3.0-5.4%. Burns less than 10% TBSA have a low mortality rate (0.6%).Average length of stay for both men and women is consistent at 8.5-10 days. Deaths from burn injury increase with advancing age, burn size and inhalation injury.Cause of most post-burn morbidity and mortality continues to be infection. Instructor note: tar burn to the left hand. Tar burns -- special consideration -- emulsify tar with mineral oil productImage from STN collection.



Resource Utilization
• For survivors, average LOS was slightly greater than 1 day per % TBSA.
• For non-survivors, hospital stay was 2-3 weeks with TBSA < 80%.
• 87% were eventually discharged home.
• For burns > 10% TBSA, average cost is $268,435 - $354,560.

• Higher among non-survivors

Presenter
Presentation Notes
Burn injuries are costly; they require longer length of stay and resources, including medications, dressings, operative time, pain and psychological management.Image is from STN collection.



Mechanism of 
Burn Injury

• Thermal
• Frostbite
• Inhalation

Nigel Vardy, CC BY 4.0,via Wikimedia Commons

Presenter
Presentation Notes
Three categories of burn mechanism of injury: Thermal injury is the most common type of etiology and involves contact with heat sources.  Majority of admissions are due to thermal injury.Frostbite causes extracellular and intracellular ice to form, leading to cell dehydration and shrinkage.Treatment regimens can be different than thermal injuries. Inhalation injury can be divided into injuries above the glottis and below the glottis and is associated with high mortality. Above the glottis involves thermal injury to the nose, throat and mouth. Swelling can occur within minutes to hours of injury and requires prompt intubation due to possible airway obstruction. Below the glottis is often due to inhaled chemicals and smoke particles. Current standard for diagnosis of burn inhalation injury is fiberoptic bronchoscopy. Chest x-rays often appear normal early on.Photo is of Nigel Vardy, after mountain climbing. His nose, fingers and toes were subsequently amputated.



Mechanism of 
Burn Injury

Flame 40.6%

Scald 31.4%

Contact 9.1%

Electric 3.6%

Chemical 3.5%

Presenter
Presentation Notes
Percentage of total burnsImage is of burn from boiling water.



Rule of 9’s

https://img.medscapestatic.com/pi/meds/ckb/89/7989.jpg

Presenter
Presentation Notes
Estimating burn size: Percent Total Body Surface Area (TBSA)RULE OF NINESDivides each body region into a percentage.  Note: the difference between adults and children.  The child’s head is larger in relation to the rest of their body; the head increases to 18%, decreases in the legs to 14%.In the adult, the head (circumferential) is 9% and each arm is 9%, each leg is 18% and the posterior and anterior torso are each 18%.The palmar surface of the patient’s hand from base of palm to fingertips is roughly 1% TBSA. This is helpful when estimating scattered burns.



Severity of Injury
• Depth

• Superficial
• Superficial partial 

thickness
• Deep partial thickness
• Full thickness

• Extent of burn
• Age
• Past Medical History
• Location of burn
• Concurrent trauma
• Smoke inhalation

Presenter
Presentation Notes
Severity of injury is determined by the extent of burn, depth of burn, age of the patient, previous health status and location of the burn. Patients less than 2 and greater than 60 are at increased risk due to immature immune system and comorbidities, respectively. Burns to the perineum are at increased risk of infection. Burns may continue to increase in severity for 24 hours or more. If transferring, describe the depth and extent rather than using first, second, third degree.



Anatomy of the Skin

Don Bliss (artist), Public domain, via Wikimedia Commons

Presenter
Presentation Notes
The skin is the body’s largest organ. Bilayer, consisting of the epidermis and the dermis and ranges in thickness from .04 inches (1 mm) to .2 inches (6 mm) on the palms or soles of the feet.The epidermis is the outer non-vascular layer that consists of mostly keratinocytes. Acts as barrier against the hazards of the environment. Damage to the epidermal layer is considered a first degree (or superficial) burn. The skin is pink to red in color, painful and blanches; there are no blisters present. A sunburn is an example of a first degree burn. The next layer is the dermis. Thickest part of the skin and houses the structures necessary for survival- sweat and sebaceous glands, hair follicles, capillaries, and nerve endings. Damage to the epidermis into the dermis results in a second degree burn (partial or deep partial) injury. Wound is painful, moist in appearance and blisters are present.The subcutaneous tissue lies between the dermis and the muscles. Made up of connective tissue and fat.Damage through the epidermal and dermal layer to the subcutaneous tissue is a third degree or full thickness burn. Tissue is dry and leathery in appearance and often white in color.



Functions 
of the Skin
• Prevention of 

infection
• Conserve body 

fluids
• Temperature 

regulation
• Cosmetic 

appearance
• Sensation and 

touch

Presenter
Presentation Notes
Functions of the skin include:Prevention from infection (i.e. the job of the epidermis) Conservation of body fluids and temperature maintenanceHigh risk for hypothermia once the skin is damaged. It is important to keep them warm and dry. Lifelong damage to the integumentary system can involve scarring and contractures. Areas of third-degree burn can lead to impaired sensation and touch due to damaged nerve endings.



Burn Pathophysiology

• Hypermetabolic state
• Protein utilization
• Loss of lean body mass 
• Hyperglycemia 

• Inflammatory mediators
• Shock
• Hypovolemia
• Increased pulmonary and 

vascular resistance
• Myocardial depression

Presenter
Presentation Notes
Major burn injury causes hypermetabolic state resulting in protein utilization, loss of lean body mass and hyperglycemia.Burn injury causes release of inflammatory mediators at the cellular level. This has a systemic effect. Inflammatory mediators affect the heart, large vessels and lungs. Shock ensues as a result of increased vascular permeability; fluid leaks from the intravascular space to the interstitial space. Increases in pulmonary and systemic vascular resistance and myocardial depression occur. Edema formation occurs from fluid and protein translocation into both burned and non-burned tissues. Increased hematocrit occurs soon after the injury due to plasma volume deficit.



Anatomy of the Skin

Illustration courtesy University of Michigan Trauma Burn Center

Presenter
Presentation Notes
Instructor note: skin diagram showing layers of skin and depth of injury



Depth: Superficial Burns

• First degree
• Pink in color
• Damage to epidermis
• Do not count in TBSA 

calculation
• No resuscitation fluid 

necessary

• Heals on its own

Presenter
Presentation Notes
First Degree Burn:Damage to the epidermal layer is considered a first degree (or superficial) burn. The skin is pink to red in color, painful and blanches; there are no blisters present. A sunburn is an example of a first degree burn. First degree burns are not included in the fluid resuscitation calculation and will heal on its own.Instructor note: sunburn, first degree burn. Will heal without operative intervention.Image from STN collection.



Depth: Partial Thickness Burns

Kronoman at English Wikipedia, CC BY-SA 3.0  via Wikimedia Commons

OlegD, Shutterstock

Presenter
Presentation Notes
Second Degree Burn/Partial Thickness:Involves damage through the epidermis into the dermal layer. A partial thickness burn can be divided into a superficial second degree burn and a deep second degree burn. The difference is the depth of tissue necrosis into the dermis.  A superficial second degree is red/pink in color and shiny due to blister fluid. Capillary refill is normal and the wound is very painful. Superficial second degree burn will heal on its own.  Deep second degree is pink and mottled in appearance. It has slower capillary refill and potentially can convert to third degree. Deep second may or may not require operative intervention.  Instructor note: Picture on the left is superficial second degree burn. Picture on the right is a deep second degree (partial thickness) burn.



Depth: Full Thickness Burns

• Third degree
• White, black, brown  in color, 

dry, leathery in appearance
• Burned skin non-pliable
• Circumferential third degree 

may require escharotomy.
• Skin grafting required.

https://www.mayoclinic.org/diseases-conditions/burns/symptoms-causes/syc-20370539

Presenter
Presentation Notes
Third degree burn/Full thickness burn: Destroys the epidermis and dermis. White, brown or charred in appearance and dry and leathery The necrotic tissue is known as burn eschar. Skin grafting is required. The wound is not painful as the nerve endings are destroyed and there is no blanching present. Assessment:Careful ongoing assessment of circumferential third degree burn is necessary, as patients may need an escharotomy to release pressure on internal tissue, vessels and organs.



Inhalation Injury

• Average of 8.6% of admission to burns centers have concomitant 
inhalation injuries.

• Incidence increases with TBSA.
• Associated with higher mortality

• Overall mortality rate 20% with inhalation injury versus 2.9% without 
inhalation injury 

• In those > 60 years, fatality increases above 50% with TBSA ≥ 20%.
• Diagnosed and graded 0 to 4 based on severity via bronchoscopy. 

Presenter
Presentation Notes
Incidence:Smoke inhalation is present in approximately 8.6% of all reported admissions.An inhalation injury increases the ICU length of stay, hospital length of stay, and mortality rate.  Mortality increases with an associated inhalation injury and increased TBSA. Inhalation injuries are more common and more severe with age. 



Inhalation Injury -
Assessment

Assessment
• History
• Singed hair
• Soot in oropharynx
• Carbonaceous sputum
• Hypoxia, SOB
• Stridor, hoarseness
• Wheezing, rhonchi, use of 

accessory muscles
• Oropharyngeal erythema



Inhalation Injury -
Treatment

• For patients suspected of 
having an inhalation injury, 
do not wait to intubate as 
with ongoing fluid 
resuscitation, swelling will 
increase and it will be 
difficult to pass an 
endotracheal tube. 

• Stridor or hoarseness is a 
late sign!

Presenter
Presentation Notes
Initial management priorities:Stop the burning process- remove all clothing and jewelry.Assess ABC’s.Determine if the patient can maintain their airway. Treatment:Secure airway.Presume presence of carbon monoxide or cyanide poisoning until proven otherwise and place on 100% humidified oxygen.Up to 80% of inhalation injury may require intubation at least temporarily.If intubation required, transfer to burn center or admit to ICU.Aggressive pulmonary toiletPossible bronchoscopyAggressive pulmonary toilet to manage airway edema, mucosal slough and impaired gas exchange.100% humidified oxygenEarly intubation and transfer to burn centerIf admitting to burn center or other ICU, admission required



ABA Burn Center Referral Criteria

• Partial thickness burns >10%
• Burns to face, hands, feet, 

genitalia, perineum, or major 
joints

• Full thickness burns any age
• Electrical burns
• Chemical burns
• Inhalation injury

• Patients with pre-existing 
medical conditions

• Patients with burns & 
concomitant trauma

• Pediatric burns 
• Patients who will require 

special social, emotional, or 
long-term rehab 
intervention

Presenter
Presentation Notes
Some burns have special considerations that should be treated at a burn center. The American Burn Association has developed general guidelines for burn center transfer.  Some burn centers treat adults only, pediatric only or both adults and pediatrics. All pediatric burns, inhalation injuries, third degree burns and burns to areas of function (i.e. the face, hands, feet, major joints) must be transferred. 



Preparation 
for Transfer

• Maintain patent airway
• Monitor urine output and 

adequacy of resuscitation
• Keep patient warm and dry
• Secure all lines and tubes
• Wound care
• Manage pain

Presenter
Presentation Notes
Continue to monitor airway.Continue to monitor urine output and adequacy of resuscitation. Alter fluids to maintain adequate output. Keep the patient warm and dry. Cover the wounds with a clean sheet or warm blanket.It is not recommended to place antimicrobial creams on the wound, as the burn center will wash, debride and dress the wound. Additionally, some creams may interfere with biotechnology dressings. Give appropriate IV pain medications. (small doses titrate to affect)Avoid IM injections due to malabsorption. 



US Burn Centers

• Over 60% of US burns 
admitted to 128 burn 
centers, 64 are ABA 
verified 

• Offer functional and 
cosmetic outcomes

• Specialty OT, PT, 
Social Work, 
Psychologists

Red dots are ABA verified burn centers.

Presenter
Presentation Notes
Over 60% of the estimated 45,000 United States acute hospitalizations for burn injury are admitted to 128 hospitals with specialized facilities for burn care. Percentage admitted to burn centers has increased steadily in recent decades, with growing recognition of the special needs of burn patients and continuing advances in the technical resources and skills of those who refer, transport and treat them. Burn centers now average 200 annual admissions each, while the other 4,500 U.S. acute care hospitals average less than 3. Specialized burn nursing is an important component of burn center expertise and contributes to improved patient outcomes. Education is key to cultivating and maintaining burn nursing competency. Burn Centers offer functional and cosmetic outcomes as well as a specialized team that includes OT, PT and social work, psychology, etc.



Initial Fluid Resuscitation

• Burns > 20% TBSA
• LR infusion for Adults > 30kg
• Pediatric < 30kg

• < 10kg use D5LR
• > 10-30kg use LR

• Monitor urine output and adjust 
fluids to achieve:
• Adults 30-50 ml/hour
• Infants 1-2 ml/kg/hour
• Children 0.5-1 ml/kg/hour 

Presenter
Presentation Notes
Place 2 large bore IV’s in non-burned tissue, if at all possible. Burn resuscitation formula determines an estimate of fluid needs over the first 24 hours and is recommended for burn patients with TBSA >20%.Most commonly used formula is the Burn Consensus formula by the American Burn Association. In the early phases of care, pre-hospital and early hospital setting prior to calculating the TBSA, start fluids using the following recommendations:Initial fluid resuscitation – starting point.  Prior to figuring the TBSA.  ≤ 5 y/o – LR – 125 ml per hour6-13 y/o – LR - 250 ml per hour≥ 14 y/o - LR – 500 ml per hourUse the rule of 9’s to determine the TBSA. Resuscitation Formula (explained on next slide)Monitor urine output to determine effectiveness of resuscitation. Adequate urine output: Adults  30ml/hr; children 1mL/kg/hr for children < 40kgShock and acute renal failure are consequences of hypovolemia.



Burn Resuscitation Formula

• Adult & Chemical Burns:
• 2 ml LR X kg X %TBSA

• Pediatric (14 years or under and less than 30kgs):
• 3 ml LR X kg X %TBSA

• Adult High Voltage Electric Injuries:
• 4 ml LR X kg X %TBSA

• Pediatric High Voltage Electric Injuries
• Consult Burn Center

• % TBSA: calculated based on full & partial 
thickness burns, NOT superficial burns

• Administer half of the total fluids in the first 8 hours 
post burn and the second half in the next 16 hours

Presenter
Presentation Notes
New guidelines from the ABA from ABLS 2011 -  breakdown the fluid resuscitation formula and age: Research indicated that resuscitation based upon using higher starting points commonly results in excessive edema formation and over-resuscitation. Fluid rates have been adjusted according to this information as follows:Adult and Chemical Burns:2 ml LR X kg X %TBSA (2nd & 3rd degree)Pediatric (14 years and under and less than 40kgs):3 ml LR X kg X %TBSA (2nd & 3rd degree)Adult High Voltage Electric Injuries:4 ml LR X kg X %TBSA (2nd & 3rd degree)Pediatric High Voltage Electric Injures:Consult a burn centerExample on next pageImage from STN collection.



Example 
Resuscitation 

Formula
• 50% TBSA (Full and partial 

thickness degree burns only)
• Age: 28
• Mechanism: explosion
• Weight: 70 kg
• 2 ml X 70kg X 50% TBSA = 

7,000 cc
• Give 3,500 ml over the first 8 

hours
• Give the other 3,500 ml over 

the next 16 hours

Presenter
Presentation Notes
Example of fluid resuscitation calculation. Determine the total body surface area using the rule of 9’s; only include second and third degree burns (not first degree). We calculate 50% TBSA and 70 kg for weight. 2ml x 70 kg x 50% equals 7,000 ml/kg/% TBSA of Lactated Ringers. Divide this in half and give the first half over 8 hours and the next half over 16 hours. Image from STN collection.



Escharotomy
Circumferential Injury
Full Thickness Burns
Limb Threatening

Presenter
Presentation Notes
Indicated in full thickness burns that surround an extremity (circumferential)Limb threatening complications can result when a full thickness circumferential injury is present. Assessment requires frequent pulse exam.If pulses are absent, then escharotomy and referral to a burn center is indicated.Assessment of pulses is paramount (particularly in the digits with hand burns). If necessary, an escharotomy must be performed to release the burn eschar, which is encumbering blood flow to the distal extremities.  If the burn is deep and extends to muscle, a fasciotomy may need to be performed. Escharotomies of the chest wall may also be necessary with a circumferential burn. Look for peak pressures on ventilator and decreasing tidal volumes.Images from STN collection.



Pediatric Burns

• Psychosocial issues
• Airway
• Breathing
• Circulation

• Children < 10kg should have D5LR 
for resuscitation

Presenter
Presentation Notes
Majority of scald injuries occur in children < 2 years of age. Psychosocial IssuesChildren’s injuries are often the result of abuse or neglect. Important to listen to the history and compare the pattern of injury to determine if the story is accurate. Involve social work and/or child protective services if there is any doubt. Pediatric ABC’s have their own characteristics: AirwayPeds airway is funnel shaped and angled, more cephalad, making intubation more challenging. Can gauge tube size by the diameter of the small finger.  BreathingPeds have compliant chest walls and will not tolerate restriction by a circumferential torso burn, may need escharotomies.CirculationMay require more fluid resuscitation.Children less than 10 kilograms should have their resuscitation with D5LR.



Pediatric Burns

Respiratory
• Large tongue
• Small pharynx
• Larger, floppier 

epiglottis
• Larynx more anterior
• Narrowest at cricoid
• Trachea narrow and 

less rigid

https://airwayjedi.com/2016/04/18/intubating-infant-toddler/

Presenter
Presentation Notes
Special considerations are needed when evaluating the airway of a child. Have higher minute ventilation with smaller more delicate lungs.Intubation required if burns to mouth and/or nose, presence of altered mental status (GCS <8) or exposure to aerosolized irritants. Consider if burns > 20% TBSA.



Pediatric Burns
Circulation
• Larger surface area
• Increased volume 

needs
• Limited glycogen 

stores
• Hypothermia risk
• Thinner skin 
• IV pain medication

Presenter
Presentation Notes
Larger body surface area, thus requiring more resuscitation fluid Due to the larger surface area, more prone to hypothermia, given exposure to the environment. Temperature harder to maintainCheck capillary refill on fingers, toes, mucous membranes if fingers/toes are burned.Limited glycogen stores, need additional glucoseChildren less than 2 years have thinner skin and will have full thickness injuries, whereas adults will have partial thickness burns given the same exposure to the heat source.Careful volume resuscitation, regulate urine output to 1-2 ml/kg/hr.Pain management issues Prefer IV medication administration for all burns due to malabsorption.Image from STN collection.



Geriatric Burns 
• Contact with flame is most 

common (50%), followed by 
scald (20%)

• Pre-injury health status-
conditions

• Abuse or neglect
• Thin skin
• Decreased reserves 
• May need additional monitoring 

to guide resuscitation
• May affect independence

Presenter
Presentation Notes
Geriatric burns: Rapidly growing populationIncreased mortality rateBurns encompassing less than 20 percent of the TBSA may be considered severe.Affected by pre-injury health status, pre-existing conditions, and current medication.Risks include smoking, limited mobility and slower reaction time, sensory impairment, decreased coordination, side effects of medication, general changes of aging. Stress response to burns not easily tolerated.Assess for signs of abuse and/or neglect.Skin is often thin with decreased vascularity  more susceptible to deep burns when exposed to similar mechanism of injury.May require increased monitoring to guide fluid resuscitation.Early ventilator support is commonly required (fatigue easier, decreased lung reserves).Up to 66% of those living independently prior to a burn event require skilled nursing facilities post-hospitalization.



Chemical Burns
• Most are strong acids or alkalis 
• Contained in common household items:  

• Ammonia
• Bleach
• Cleaners for drain, 

toilet bowl, metals

• Pattern is full thickness in 
center surrounded by partial 
thickness

• Most common in young and 
those working with chemical 
products

• Pool chlorinators
• Battery acid
• Concrete mix

Presenter
Presentation Notes
Chemical burns often have areas of full thickness centrally surrounded by areas of partial thickness on the periphery. Important to consider safety of team if noxious gasses or smell exist.Image from STN collection.�



Chemical Burns

Alkali > 7.0

Acid < 7.0

Organic

Treatment
• Remove clothing
• Brush off powder
• Copious irrigation
• Splash injury common
• Check eyes 

Presenter
Presentation Notes
Three categories of chemicals: Alkali, Acid and OrganicAlkali (NaOH, KOH, Ammonium; found in cement and fertilizers)Acids are commonly found in bathroom cleaners. Organic chemicals are often phenol, petroleum based products. Chemical injuries are insidious and continue to burn the tissue until the chemical is removed. Many of these areas can be full thickness. Splash injuries commonSeverity of injury depends on: amount of chemical, concentration of chemical, duration of contact with chemical.Treatment:It is important to remove clothing and brush off any powders prior to irrigation or the chemical may intensify. Copious irrigation is the treatment of choice after removing clothing. The eyes should be flushed and checked for corneal abrasions. Reminder: Always remember universal precautions to protect yourself and the rest of the staff. 



Hydrofluoric Acid Burn

• Unique: dilute solutions penetrate 
deeply before showing signs 

• Requires additional neutralization of 
fluoride ions

• Fluoride ions  toxic, tissue necrosis, 
binds to serum calcium and magnesium

• Fluoride binds to calcium leading to 
hypocalcemia and dysrhythmias.

• Consult burn center for neutralization.

Uploaded by TCO at en.wikipedia, CC BY-SA 3.0 via Wikimedia Commons

Presenter
Presentation Notes
Hydrofluoric acid burns cause hypocalcemia, as fluoride binds free serum calcium and magnesium that can cause fluoride poisoning.Used primarily for industrial use, glass etching, metal cleaning, manufacturing.Treated differently than other types of chemical burns.Most occur on fingers and hands.Majority of deaths associated with cardiac arrhythmias from hypocalcemia and hyperkalemia.Treat with topical calcium gluconate gel, as it leaches calcium from the cells.Images: Different aspects of left and right HF-burned hands. Topical hydrofluoric acid burns typically do not show visible evidence of injury for a day or two after exposure. By then, effectiveness of topical or systemic calcium treatment is diminished.



Electrical Burn
• Concerning when source is > 

15,000 volts
• Extent difficult to determine
• Cardiac monitoring
• Hemoglobinuria
• Compartment syndrome
• Fluid resuscitation with goal 

of output 75-100 cc 
urine/hour

Presenter
Presentation Notes
Electrical injuries are often work-related. The skin is the most resistant organ in the body. Once this resistance is overcome, electricity travels the path of least resistance; along the bone surface through blood vessels and nerves generating heat and causing damage to muscles. The extent of the injury is difficult to ascertain, what you see is not what you get, as much of the damage lies under the surface. Many electrical injuries have an entrance and exit site depending on the voltage involved. High voltage exit wounds produce “blow out” injury or may cause loss of an extremity.Assessment:Assess the patient for hemoglobinuria (port wine colored urine) due to the break down of muscle tissue. If present, patients require fluid resuscitation with a goal of 75-100 cc of urine output per hour. Patients may have cardiac dysrhythmias and require monitoring. Monitor extremities for compartment syndrome; fasciotomy may be required. Image from STN collection of hemoglobinuria – dark port wine colored urine.



Frostbite
• Extracellular and 

intracellular ice form
• Gentle rewarming
• Reperfusion injury
• Several weeks to 

months to determine 
full extent of injury

• May result in loss of 
digits

Dr. S Falz, CC BY-SA 3.0 via Wilimedia Commons

Presenter
Presentation Notes
Frostbite is the freezing of the skin and underlying tissues.Exposed skin to cold windy weather and wet clothing are often causes.Clumsiness can occur due to joint and muscle stiffness.Body parts become numb, stiff, and white or grayish-yellow.As skin freezes, it causes loss of sensation of cold, pain or discomfort.Causes extracellular and intracellular ice to form.Leads to cellular dehydration and rupture.Prehospital care starts with taking the patient to a warm environment. If needed, pad or splint the affected area to minimize injury en route. Remove wet clothing. Avoid walking on frostbitten tissue. Lastly, do not rub or use a stove/fire to rewarm frostbitten tissues.In the ED, make sure that the frostbitten area does not refreeze. Rewarm the frostbitten area as quickly as possible to salvage as much tissue and function as possible. Rewarming is most effectively accomplished by immersing the affected area in water heated to 37-39 °C (98.6-102.6 F). Do not allow the water to get too hot or too cold. Avoid premature termination of the rewarming process. Remember to treat pain associated with rewarming. Rewarming causes tissue damage through reperfusion injury, which involves vasodilation, swelling (edema), and poor blood flow (stasis). Blisters and spasm of blood vessels (vasospasm) can develop after rewarming.After thawing, platelet aggregation and microvascular thrombosis occur.Leads the wounds to develop necrosis or escharIt often takes several weeks to months to determine full extent of injury.Often results in loss of digits.Avoid early amputation until after the nonviable tissue is clearly demarcated. Inform patients that the injury site is more prone to recurrent damage when exposed to even moderate changes in environmental temperature. 



Autologous 
Skin Grafting

• Split Thickness Skin Graft (STSG)
• Full thickness burns
• Meshed vs Sheet

• Donor site: partial thickness, into 
dermis, heals in 2 weeks

• Harvested skin is put through a 
skin mesher in order to create slits
in the skin (mesh size is varied 
depending on how much 
donor site a patient has available).

Presenter
Presentation Notes
Skin graft: STSG – split thickness skin graft Required for third degree burns, sometimes used for deep partial second degree burns due to issues with scarring and cosmetic outcomes.Donor site: Partial thickness donor contains viable dermis; taken from a non-burned area of the body.Donor site must be flat area (not all areas of body are suitable for donor site, which can be an issue with very large burns).Meshing: Split thickness skin grafts are often smaller than what is needed to cover large burn areas. Running skin grafts through a mesher cuts slits into the skin that allow for stretching that skin to cover a larger area. As the skin is stretched, the graft looks like a piece of mesh as seen in the images. This allows small patches of normal skin to fill in as healing occurs to cover burned areas. This is critical in large surface area burns with limited areas of normal skin that can be harvested.Clarification of terms: Autograft (from the patient – permanent placement) versus homograft (cadaver skin, used as temporary placement until autografts available or to prep site for autograft application).Image from STN collection.



Skin Grafting Options
• Alternatives or adjuncts to autologous skin grafts

• Used with large surface area burns and limited normal skin
• Cultured epidermal autografts

• Uses skin cells from the person to grow epidermis sheets
• Takes 3-4 weeks to create
• Has been found to secrete growth factors critical for cell proliferation and 

migration, which can enhance healing when used with autografts
• Allogeneic cultured epidermis

• Can be prepared in advance and cryopreserved to be used in combination with 
widely expanded split-thickness autografts enhancing epithelialization

• Can be used in the acute phase while cultured epidermal autografts are 
prepared

Presenter
Presentation Notes
Donor sites may be sparse with large TBSA burns, and autologous skin grafting could be minimal.Many advances have been made in cultured epidermis sheeting. When cultured material is used in combination with widely expanded autologous grafts, the release of growth factors improve healing. The cultured material is very thin and is layered over the split thickness grafts, which promotes cell regeneration and epithelialization. STSG can be maximally meshed and stretched further over the burn areas.Research continues in the use of cultured epidermal autografts. 



Donor Sites
• Painful
• Heal on their own
• STSG donor sites may 

be re-harvested 

Presenter
Presentation Notes
Donor sites:Very painful, all nerve endings remain intact versus burn areas where nerve endings have been damaged. Heal on their own with appropriate coverings to prevent infections.With STSG donor sites maybe re-harvested for future skin grafting (Used in large burns)Many different types of dressings for donor sitesImages from STN collection.



Wound Care
• Cleanse wound with saline 

or soap and water.
• Frequent debridement in 

deep full thickness burns
• Topical antimicrobial 

creams
• Silver dressings
• Biotechnology dressings

Silver 
Dressing

Biotech 
Dressing

Presenter
Presentation Notes
Wound care:Clean burn wound with soap and water.Deep full thickness burns may require frequent debridement of eschar. After debridement, continued use of topical antimicrobial creams or other dressings will be needed until grafting is completed.Choose topical based on effectiveness against different types of infection.Silver sulfadiazene is most common and often stocked in most ER’s for less serious burns.Silver dressings Very broad spectrumVariety of forms: nonstick dressings, foams, absorbent materials, spongesAble to leave silver dressing in place for extended period of time (some 5-7 days)Decreased number of dressings for patients (used to be BID with topical creams) and associated painDecreased nurse staffing necessary for dressing changesEasier to care for at homeBiotechnologySkin substitutesCome in a variety of forms such as acellular matrices or bilayer laminates (a popular skin substitute uses shark glycosaminoglycans and bovine tendon collagen matrix to provide coverage and closure for very large TBSA burns)Technology continues to advance.If concern for infection, then tissue biopsy is preferred over swab culture. Image from STN collection.



Complications
• Inadequate resuscitation

• Single or multiple organ dysfunction syndrome 
(MODS) 
• Often accompanied by SIRS

• Over resuscitation
• Compartment syndrome- abdominal or extremity
• Pulmonary edema, ARDS

• Ongoing resuscitation
• Based on size of burn and if inhalation injury present
• Comorbidities and age considerations
• Monitor for coagulopathy and ensure use of thromboprophylaxis

Presenter
Presentation Notes
Aim of resuscitation is to support vital organ perfusion with the minimum amount of fluid necessary. Resuscitation is a balancing act, with under resuscitation causing organ failure and over resuscitation potentially causing compartment syndromes, pleural effusions and/or increased edema in non-burned areas. Traditional resuscitation often fails to normalize lactic acid and base deficit and may be associated with over resuscitation when used as goal directed therapy. Increase in preload and cardiac index via aggressive resuscitation guided by central venous catheters and PA catheters did not show any benefits. Therefore, a preload driven strategy for burn resuscitation is not advisable.Ongoing resuscitation must take comorbidities, age, presence of inhalation injury and coagulopathy into consideration for optimal outcome.Nurse driven resuscitation protocol are becoming more common as they show improved adherence and outcomes.Image from STN collection.



Burn Research
• Burn registries and 

national EMS reporting 
systems have improved 
opportunities for burn 
research.

• Evidence based practice 
has increased in the past 
decade.

• Survival rates have 
improved but challenges 
remain.

JRmartinez, Public domain, via Wikimedia Commons

Presenter
Presentation Notes
Establishment of burn registries and standardized EMS reporting systems on state and national level have improved opportunities for burn research on a broader scale.International burn centers are conducting more research.Focus is on treatment and management that extends to the long term affects of burns. These strategies include pain management, treatment of scarring and tissue engineering.Challenges continue since wounds take time to heal, which extends the time required for evidence-based research on each treatment modality.Slow wound healing, infection, pain, and hypertrophic scarring remain the major challenges in burn research.Investigating ways to accelerate wound healing and prevent systemic infectionPhoto: In 2003, Martinez sustained severe burns to over 34 percent of his body while serving as an Army infantryman in Iraq.



Future 
Considerations

• Biotechnology
• Epidermal replacement 

options
• Stem cells
• Reduce overall functional 

recovery time

Presenter
Presentation Notes
Future considerations include:Continuous advances in biotechnological dressingsResearch continues to find better epidermal grafts for improved healing and reduction of infection.Research to find stem cells to augment epithelialization and attenuate systemic inflammatory responseResearch focus on ways to reduce overall functional recovery time and improve outcomes. Image STN collection.



Summary

• Initial burn management priorities include:
• Maintain adequate airway
• Adequate fluid resuscitation
• Transfer patient to a burn center if necessary as quickly as 

possible.
• Special considerations when caring for pediatric or elderly  
• Inhalation injury compounds and complicates healing, 

morbidity, and mortality.
• Continued research into treatment options to improve 

outcomes


	Slide Number 1
	Burn and Inhalation Injury
	Objectives
	Epidemiology
	Burns and Trauma
	Morbidity and Mortality
	Resource Utilization
	Mechanism of Burn Injury
	Mechanism of Burn Injury
	Rule of 9’s
	Severity of Injury
	Anatomy of the Skin
	Functions of the Skin
	Burn Pathophysiology
	Anatomy of the Skin
	Depth: Superficial Burns
	Depth: Partial Thickness Burns
	Depth: Full Thickness Burns
	Inhalation Injury
	Inhalation Injury - Assessment
	Inhalation Injury - Treatment
	ABA Burn Center Referral Criteria
	Preparation for Transfer
	US Burn Centers
	Initial Fluid Resuscitation
	Burn Resuscitation Formula
	Example Resuscitation Formula
	Escharotomy
	Pediatric Burns
	Pediatric Burns
	Pediatric Burns
	Geriatric Burns 
	Chemical Burns
	Chemical Burns
	Hydrofluoric Acid Burn
		Electrical Burn
	Frostbite
	Autologous �Skin Grafting
	Skin Grafting Options
	Donor Sites
	Wound Care
	Complications
	Burn Research
	Future Considerations
	Summary

