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Thermal Injury @




What is a thermal injury?

e Any kind of injury caused by too much heat: fires,
steam or boiling water, hot objects

e Burns are classified both by how deep they go, and
by how much of the body is burned.

e Thermal injury cause both local injury (to the direct
area burned) and systemic injury (to the whole
body) when more than 20% of the body is affected.
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Airway can be damaged multiple ways in burns:
1) Direct inhalation injury of smoke, chemicals, or heat
2) Local edema/swelling from thermal injury to the airway
3) Systemic edema from an allover response to burn

Suspect the airway may be at risk if:
1) Change in voice
2) Cough or stridor ( )
3) You can see burns on the face, if the head/neck are
swollen, or if the facial hair is burned
4) There are burns all the way around the neck, face, or
head

Pic from : www.vicburns.org.au


http://oldwww.vicburns.org.au/www.vicburns.org.au

Think about intubation early.

Burn injury may cause airway swelling that is not obvious at first, but will develop in
hours.

Airway swelling after laryngeal burn induced by swallowing hot food: Korean J Otorhinolaryngol-Head Neck
Surg. 2015 Sep,;58(9):634-636.



e Rare to see direct thermal injury to the lower airway. May
see this if person was breathing smoke for a long time or
was burned in an enclosed area.

e Breathing can be affected if the whole chest is burned
and may require an escharotomy to allow the chest to
move




All burns over 20% of body surface area require fluid
resuscitation.

Patients with these large burns need fluid because the burn
itself causes fluid loss, and when burns happen, cardiac output
goes down and fluid shifts in the body in response to the injury.

Giving too much fluid can cause pulmonary edema
Insert a Foley if possible to track patient input/output of fluid.

Goal is to maintain urine output between 0.5 and 1 mL/kg/hour
in adults, and between 1.0 and 1.5 mL/kg/hour in children



Resuscitation formulas (fluids for the first 24 hours)

The Parkland formula:
Total burned Body surface area * Body weight (kg) * 4 = CC of
crystalloid fluid to give

The Brooke formula:

Total burned Body surface area * Body weight (kg) * 2 = CC of
crystalloid fluid to give

Give 1/2 of the total in the first 8 hours and '~ the last 16 hours



Burn patients may have a decreased level
of consciousness if:

1) Inadequate oxygenation
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— The patient should be completely exposed and clothing removed to
identify all injuries. If clothing is stuck on and headed to OR, may cut
around and remove in OR

— Give tetanus vaccine

— Fresh burns are considered clean, try not to contaminate them

— How to care for blisters is controversial, as is application of antibiotic
ointment. Follow your local protocols

— Applying ice or cold water to burns can be unsafe in patient with burns
covering more than 10% of the body and can cause hypothermia



When to transfer to a Burn Center / Higher Level of Care

This depends on your local practice and local resources.
In the United States, there is some local variation. Major things to think about:

How much of the body surface is burned?

Are there any circumferential burns?

Do you have the ability to transfer the patient?

Does the patient have other medical conditions or other trauma that needs care at a

different hospital?
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Thermal Injury
Take-Home
Points
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Calculate the surface area
burned. If over 20%, you
may start seeing overall
swelling, not just local injury
Resuscitate appropriately
using one of the fluid
resuscitation formulas and
track urine output so that
you do not over resuscitate



Chemical Injuries




The pH Scale
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Alkaline burns: liquefaction necrosis
o Can interact with fats, tissues, and will also take water from
surrounding tissue. The tissues lose shape and turn to liquid,
allowing the chemical reaction to continue on more tissues
o Penetrates faster and deeper than acidic burns

Acidic burns: Coagulation necrosis

o Acid denatures the proteins in the tissue (changes their shape),
which Kills the tissue

o The damaged tissue can become firm, which then form a barrier of
damaged tissues

o Limited depth of injury



We approach chemical burns the same as thermal
burns for airway and breathing. If there is a larger
surface area burned, the patient is more likely to
require intubation. Inhalation of chemicals may
require intubation and ventilation. Too much fluid
resuscitation may lead to pulmonary edema, and
burns all around the chest may require escharotomy



e Large surface area chemical burns may require IV fluid
resuscitation, as thermal burns do.

e \When calculating body surface area of a burn, assume the burn
is full thickness if you are unsure.

e Some chemicals, like Hydrofluoric acid may cause dangerous
electrolyte abnormalities, like hypocalcemia, and
hypomagnesemia. These abnormalities have to be treated,
along with the resuscitation.



The same principles for Disability apply to chemical
burns as for thermal burns



Protecting medical workers is very important when
treating patients with chemical burns! Have all staff
wear gloves, gowns, and protective equipment!




The main principles of managing a chemical burn are all exposure
related:

1) Remove the patient’s clothing

2) |If there is dry chemical on the skin brush it off with a towel or
brush, then irrigate with water

3) Irrigate all areas of burn with water for 15 minutes to 2 hours. If
available, you can use pH strips to monitor your progress to
neutral pH every

4) Acid burns will need less irrigation time than alkali burns

5) If possible, irrigate with water in a way that does not drip water
onto unburned areas of the body

6) Irrigate eyes and face first

7) Use low pressure (high pressure may push chemicals into the
skin)

8) Cover the body after irrigation to prevent hypothermia



Exceptions to Irrigation:

1)

2)

Dry lime. Try to brush it all off prior to irrigation. Irrigation of dry lime
will cause a reaction that creates heat and will burn the patient
Metals (potassium, magnesium, phosphorous, lithium, cesium,
and titanium tetrachloride): These will also burn when exposed
to water. Brush these off the skin, then put the metals under oil
and rub oil on the skin. Remaining particles can be removed in
the operating room

Phenols: Use sponges soaked in 50 percent polyethylene glycol
(PEG) to decontaminate before washing with water. Use lots of
water, as a dilute phenol solution is easier for skin to absorb
than a concentrated solution


https://www.uptodate.com/contents/lithium-drug-information?topicRef=345&source=see_link

Precautions with burns

—Do not try to neutralize the burn with other chemicals. This can

cause further injury

—Do not try to make the patient vomit ingested chemicals. They
may aspirate and injure the lungs or re-damage tissues that have
already been burned



Chemical Burn to Eye

Immediately initiate copious irrigation

12 13 14

Increasing acidity Neutral Increasing alkalinity

Alkali burn

« Results in liquefaction necrosis
« Lipophilic
- Penetrates faster than acidic burns

« Can rapidly damage cornea, iris, and lens
+ Blindness

Acid burn

- Results in protein coagulation
« Limited depth of injury




1) Protect staff with

Chem ical I nj U ry ) appropriate gowns, gloves

Remove patient’s
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_ Irrigation is the most
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Adult Cardiac Arrest Algorithm (VF/pVT/Asystole/PEA)
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Cases



Case 1

A 14-year-old male presents to the emergency department via EMS after a
structural fire. His respiratory rate is 35 bpm, heart rate is 130 bpm, blood
pressure is 90/60 mmHg, and oxygen saturation is 92% on nasal cannula at 3
liters/minute. You note singed eyelashes and nose hairs, and there is soot in his
nose and mouth. What is the next best step in management?

A. Non-invasive ventilation
B. Intravenous crystalloids
C. Discharge to home

D. Early intubation



Case 2

A 45-year-old man presents to the emergency department after being rescued from a house fire. The
patient is unresponsive on arrival and intubated for airway protection. Vital signs are remarkable for
oxygen saturation of 87%, HR 55, RR 38, and BP 85/55. On physical examination the patient has
partial and full thickness burns noted on 30% of his body sparing the mouth and face. There were no
airway burns. He has an elevated anion gap acidosis with a lactate 12 mmol/L. What is the most likely
cause of his acidosis?

Carbon monoxide poisoning
Cyanide toxicity

Inhalation injury
Methemoglobinemia

OOwx

Question Adapted from Rosh Review



Case 3

A 63-year-old female with COPD on chronic home oxygen was smoking a
cigarette and caused a fire. She was intubated in the field by EMS. On arrival to
the emergency department, you note burns to her entire face and anterior torso.
She weighs 60 kg. What volume of crystalloid fluids should she receive in the first
8 hours based on the Brooke formula?

A. 1300 mL
B. 1350 mL
C. 1400 mL
D. 1450 mL



Case 4

A 14-year-old female presents after an alkaline chemical exposure to the left eye.

Irrigation is started with normal saline. Which of the following is the most proper endpoint
of irrigation?

Absence of fluorescein uptake
Normal intraocular pressure

pH 7.0-7.4

oo w >

Two liters of crystalloid irrigation

Question Adapted from Rosh Review



Case 5

A 42-year-old male is involved in a high-voltage direct current industrial electrical
accident. He is exhibiting labored breathing with a respiratory rate of 30 bpm,
heart rate of 120 bpm, blood pressure of 100/60 mmHg, and oxygen saturation
90% on room air. He has circumferential burns around his chest. What is the next
best step in management?

A. Intubation

B. Chest x-ray

C. Escharotomy

D. Positive-pressure ventilation



Case 6

You are the first person to arrive on scene after a lightning strike, and you are
conducting triage. Which of the following patients should be attended to FIRST?

A. 56-year-old female thrown into a building by the lightning blast with multiple
fractures. RR 18, capillary refill < 2 seconds, follows commands

B. 35-year-old male with keraunoparalysis. RR 12, capillary refill < 2 seconds,
follows commands

C. 80-year-old female who is confused but talkative and is not following
commands. RR 15, capillary refill < 2 seconds

D. 15-year-old female who is not breathing despite airway repositioning. No
pulses



Adult Triage
S.T.A.R.T.

Simple Triage And Rapid Treatment

Algorithm

Able to walk on command m
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No respirations after head tilt. D > DECEASED
Respirations after head tilt. D ’ m

~ Skip if already breathing ~

Respirations: Over 30 per min. [:’ > m
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Pertusion: Radial pulse absent. [:l > m
(Control bieeding)
OR
Mental status: Unable to follow D ’ m
simple commands.
All others. D } DELAYED

DMS-05704_Wallet Card * Rev 10-19-21

TriageTags.com

Pediatric Triage

JumpSTART
Algorithm

©Lou Romig MD, 2002
Able to walk. No major Injuries. D > m
(re-evaluate in secondary triage)

Apneic and no pulse after head tilt D ’ DECEASED
Apneic with pulse after 5 rescue I:] > -
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rescue breaths.
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(Control bleeding)
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All others. (A, V or P appropriate) D > | DELAYED

DMS-05704_Wallet Card » Rev 10-19-21

TriageTags.com
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Case 7

A 30-year-old female presents to the emergency department after sustaining a
high-voltage, alternating current electrical burn. Which of the following should guide his
fluid resuscitation?

Compartment pressures
Hourly urine output in urinary catheter

Time exposed to the electrical current

O O w >

Total body surface area burned

Question Adapted from Rosh Review
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