
Pediatric Burns: Current Standard 
for Assessment and Management

Pediatric burns, with all of their challenging aspects, are a common injury faced 
by emergency medicine physicians. Burn injuries are painful for the patient, dis-
tressing to the parent, and often raise some difficult questions for the physician in 
regard to recognition and assessment of non-accidental trauma and the clinical 
dilemma of disposition. The authors review the current standard for recognition, 
evaluation, and management of pediatric burn injuries.

— Ann M. Dietrich, MD, Editor

Introduction
The purpose of this article is to review the epidemiology, pathophysiology, 

evaluation, differential diagnosis, management, and complications associated 
with pediatric burns. The article identifies risk factors for pediatric patients 
affected by burns, the mechanism of burn injury, and the morbidity and mor-
tality associated with pediatric burns. Additionally, this article discusses basic 
physiology and definitions of the various subclasses of burns, as well as the 
unique pathophysiology of the pediatric population. A systemized approach to 
the initial evaluation of the pediatric burn patient is presented, with a discussion 
of other less common but potentially life-threatening diseases that present in a 
manner similar to burn injuries. The authors address the key laboratory stud-
ies necessary when managing the pediatric burn patient. In addition, the article 
discusses the various components of pediatric burn treatment, from the initial 
stabilization and basic management to considerations of fluid administration, 
use of blood products, antibiotics, nutrition and, ultimately, of surgical care. 
The authors address potential complications of burn injuries and provide a brief 
discussion on their management. Finally, the article discusses disposition of the 
pediatric burn patient, including criteria for admission and transfer.

Epidemiology
Burns are a significant cause of morbidity and mortality throughout the 

world. Children comprise 29% of all burn victims.1,2 Burns are a leading cause 
of accidental death in the pediatric population; they are the third leading cause 
of accidental death after motor vehicle deaths and drowning.1 Burn injuries 
account for nearly 120,000 ED visits for patients younger than the age of 20.1,3 
Although potentially life-threatening, the majority of pediatric burns are minor 
and do not require admission.4 One large study cited an overall mortality of 
less than 3% for burn injuries.5 However, mortality rates are higher for children 
younger than 4 years of age.6

Burns are defined as caused by a variety of sources, including heat, electricity, 
chemicals, radiation, and friction. This article will focus primarily on assessment 
and management of thermal burns.

Children typically develop their motor skills before abstract thinking and 
reasoning. Thus, as they become more mobile and explore their environment, 
they often put themselves in danger from many sources that can lead to burns. 
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Common mechanisms for burn inju-
ries in children often include biting 
electric cords, exposure to hot bath 
water, and spilling of hot liquids. 
Among pediatric burn injuries, scalds 
are the most common form of burns 
worldwide.4,7,8 These frequently 
occur in the home, primarily in the 
kitchen and bathroom, and most 
commonly affect children younger 
than the age of 5 years. In addition 
to age, crowded homes, unsuper-
vised play, low socioeconomic status, 
younger unmarried mothers, and 
lack of maternal education all are 
associated with increased risk for 
scald injuries.9 Among children older 
than the age of 5 years, flame and 
fire-related injuries become more 
prominent. In the pediatric popula-
tion, as with adults, males tend to 
be more commonly affected than 
females.1

Pathophysiology
A common truth in medicine is 

that “children are not little adults.” 
This principle applies to pediatric 
burn injuries as well. Children have 
thinner skin and less developed 
mechanisms of thermoregulation 
than adults; this is especially true 
for infants. As a result, children 
tend to get deeper burns, lose heat 
more rapidly, have more insensible 
fluid loss, and require less exposure 
time to produce significant damage. 
In addition, children have higher 
overall fluid requirements than 
their adult counterparts. They also 
have more volatile immune systems 
that allow them to mount a greater 
systemic inflammatory response 

to burn injuries. In children, even 
small burns can trigger this diffuse 
immune response. 

Young children require as little as 
15% total body surface area (TBSA) 
to trigger a systemic response. As 
they age, the percentage needed to 
trigger an inflammatory response 
increases.10 This response usually 
occurs in the latter portion of the 
first 24 hours and can manifest 
as shock or systemic inflamma-
tory response syndrome (SIRS). 
Components of the inflammatory 
response include tissue release of 
cytokines, free radicals, and prosta-
glandins. As a result of this release 
of chemical mediators and inflam-
matory markers, the capillary bed 
becomes “leaky,” resulting in 
decreased intravascular volume and 
local edema. Secondly, this massive 
release of chemicals results in neu-
tropenia, malfunctioning T-cells, 
and subsequent suppression of the 
immune system. The hematologic 
system is also affected, with red 

blood cells (RBCs) being destroyed 
by free radicals, direct thermal injury, 
and formation of microthrombi at 
the site of the burn. Several other 
organ systems are affected by the 
systemic response. The gastro-
intestinal system responds with 
increased permeability of the gut and 
decreased motility. The cardiovascu-
lar system is impacted by increasing 
catecholamine output, producing 
hypermetabolic state and subsequent 
myocardial depression.11,12

The systemic response to burns 
occurs in a relatively predictable 
manner. The “ebb” occurs in the 
first 48 hours and usually includes 
decreases in cardiac output (CO), 
decreased oxygen consumption, and 
hyperglycemia secondary to impaired 
glucose tolerance. Over the next five 
days or so is a state referred to as 
“flow.” In the flow state, the previ-
ously depressed functions gradually 
rise to a catabolic state, then plateau 
throughout wound healing and 
recovery. This catabolic state can 

Executive Summary 

 z Young children require as little as 15% total body sur-
face area (TBSA) to trigger a systemic response. As 
they age, the percentage needed to trigger an inflam-
matory response increases.

 z Children involved in closed-space fires are more likely 
to sustain inhalation injury as the result of their relative 
immobility and impaired ability to escape.

 z First-degree burns are typically moist, red, painful, and 
without blistering and are not included in BSA calcula-
tions.

 z The practitioner must maintain a suspicion for nonac-
cidental trauma (NAT) when the history and physical 
exam do not correlate with findings, when there is a 
delay in seeking care, when there is concern for neglect 
or lack of supervision, or when specific burn patterns 
are present.

Table 1. Temperature/Time Exposure Relationships

Temperature Moritz (°F/°C) Time to achieve third-degree burn 
(seconds)

155/68 1
140/60 5
127/52 60
124/51 180
120/48 300
100/37 Safe for bathing
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persist long beyond the initial recov-
ery, resulting in muscle loss, growth 
delay, and poor wound healing.13,14 

The skin is the body’s first line 
of defense. Burns occur when the 
skin comes into contact with hot or 
caustic material. Temperatures as low 
at 40° Celsius can cause significant 
injury to pediatric patients second-
ary to the thin nature of their skin. 
In addition, damage to the tissue can 
continue even after the source of the 
burn is removed. As a result of the 
burn injury, the tissues coagulate and 
have decreased blood flow, leading 
to hypoxia, accumulation of toxins, 
and further tissue damage.

The depth of the burn is deter-
mined by several factors, including 
the source of the burn, time exposed 
to the source, pressure of the source, 
and the temperature. Exposure to 
higher temperature under significant 
pressure over a longer period of 
time will likely cause a deeper, more 
severe burn. In 1947, Moritz estab-
lished temperature/time exposure 
relationships.15 These experiments 
were conducted in normal adults 
and, to this day, remain the refer-
ence standard for all burn injuries. 
One must take into account that 
given the unique feature of the 

pediatric integument system, these 
exposure times may be markedly 
reduced in this population. Diller 
et al attempted to address this in 
2006 and came to the conclusion 
that a correction factor should be 
applied to children. These authors 
suggested a proposed correction of 
3-4°F reduction in temperature from 
Moritz’s original work.16 In addition, 
Moritz’s exposure times are in regard 
to third-degree burns, and one must 
consider that deep second-degree 
burns have comparable severity.15 
(See Table 1.) 

The nomenclature for describing 
burns has changed in the last sev-
eral years and will be addressed and 
defined here. (See Figure 1.) 

The least invasive class of burns is 
first degree. This type of burn does 
not go deeper than the epidermis. 
First-degree burns, also referred 
to as superficial burns, are typically 
moist, red, painful, and without 
blistering. These rarely require 
medical treatment. Calculations of 
body surface area affected should 
not include first-degree burns. 
Second-degree burns can be fur-
ther subdivided into partial and full 
thickness burns. Partial-thickness 
second-degree burns, also known as 

superficial partial-thickness burns, 
extend beyond the epidermis but 
only involve the top layers of the 
dermis. These burns are moist, red, 
and painful with blistering. A classic 
example of this type of injury is a 
blistering sunburn. These burns typ-
ically do not involve the vasculature 
or nerves, so they have intact sensa-
tion and will blanch. Full-thickness 
second-degree burns, also known 
as deep partial thickness burns, 
involve the dermis but extend into 
much deeper levels. They are often 
moist, red, hemorrhagic, blistering, 
and painful. Deep partial-thickness 
burns typically have diminished 
sensation secondary to nerve dam-
age and often have delayed capillary 
refill secondary to vascular damage. 
Depending on the extent of surface 
area involved, deep second-degree 
burns may be treated surgically like 
third-degree burns. Second-degree 
burns are included in BSA estimates 
for the purpose of triage and fluid 
resuscitation. Third-degree burns, 
also known as full-thickness burns, 
extend beyond the dermis into the 
subcutaneous tissue. In contrast 
to superficial and partial-thickness 
burns, these burns are insensate 
and dry. The skin will often have a 

Figure 1. Burn Depth

Key:
E = epidermis; D = dermis; SC = subcutis
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black or white, waxy appearance. 
Treatment of these burn injuries 
often requires surgical debride-
ment and grafting. The final class of 
burns is fourth degree. These burns 
extend beyond the subcutaneous 
tissue into the deep bone and mus-
cle. These burns appear very similar 
to third-degree burns on clinical 
examination.

Deeper burns have predictable 
patterns of injury. The center of 
the burn is referred to as the zone 
of coagulation. This area sustains 
irreversible damage and consists 
of non-viable tissue. The zone of 
ischemia is the layer adjacent to 
the zone of coagulation. Tissue in 
this region is subject to reversible 

microvascular injury. This zone is 
the most responsive to resuscita-
tion. If adequately resuscitated, tis-
sue in this area may be recoverable; 
if not, it can become necrotic and 
devitalized. The outermost zone is 
the zone of hyperemia. This area is 
subject to vasodilatation in response 
to the local inflammatory changes. 
The tissue in this area does not suf-
fer irreversible injury and is usually 
viable. If inadequate fluid resuscita-
tion is given, any of these zones are 
prone to expand.

The depth of the burn and struc-
tures affected allows the physician to 
classify the burn as mild, moderate, 
or severe. This, unfortunately, allows 
for a discrepancy between physicians 

and doesn’t account for the dynamic 
nature of the burn.

In addition to the burn injury, the 
physician must consider whether 
an inhalation injury is present. 
Inhalation injuries should be sus-
pected if the burn occurred in a 
closed space, especially when there 
are clinical findings of stridor, 
hoarseness, drooling, facial burns, 
soot in the sputum or airway, or 
singed nasal hair. As the heat from 
closed-space fires circulates through 
the airway, it causes edema to the 
tissue. The amount of edema can 
be potentiated by any concomitant 
toxins released from the burning 
material. Toxins may also pro-
duce direct damage to the tissue 
from their chemical properties. In 
response to this insult, the body 
mounts an inflammatory response, 
which includes neutrophils, cyto-
kines, and free radicals. After the 
acute injury, the vasculature becomes 
leaky, producing an acute respira-
tory distress syndrome-like (ARDS) 
picture; the patient develops hypoxia 
and has bilateral infiltrates on chest 
radiograph. This reaction, in addi-
tion to the systemic effects of the 
burn, makes the patient prone to 
develop pneumonia. In the early 
stage, Staphylococcus aureus is the 
most common culprit, whereas later 

Table 2. Lund-Browder Method

Table 3. Rule of Nines

Adult Child
Head 9 18
Torso (front and back) 18 28

Arm (each) 9 9
Leg (each) 18 14
Genitalia 1 1
Numbers presented as percentage TBSA

0-1 year 1-4 years 5-9 Years 10-14 years 15-Adult
Head 19 17 13 11 9
Thigh (each) 5.5 6.5 8 8.5 9
Leg (each) 5 5 5.5 6 6.5
Torso 26 26 26 26 26
Arm (each) 4 4 4 4 4
Forearm 3 3 3 3 3
Hand 3 3 3 3 3
Buttock 5 5 5 5 5
Genitalia 1 1 1 1 1
Foot (each) 3.5 3.5 3.5 3.5 3.5
Neck 1 1 1 1 1
Numbers presented as percentage TBSA
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Pseudomonas predominates. Since 
children more commonly suffer from 
scald injuries, they have a lower inci-
dence of inhalation injury than their 
adult counterparts. Despite this fact, 
the incidence of inhalation injury 
is still about 30% in pediatric burn 
patients.5,17,18 However, children 
involved in closed-space fires are 
more likely to sustain an inhalation 
injury as the result of their relative 
immobility and impaired ability to 
escape. When they sustain inhala-
tion injuries, pediatric patients suf-
fer more extensive damage because 
of their higher minute ventilation 
and smaller airways. Almost 50% 
of deaths from burn injuries can 
be attributed to inhalation injury. 
These deaths are usually the result 
of carbon monoxide toxicity and 
hypoxia.19 

In addition to the increase in 
morbidity and mortality, inhalation 
injuries also can significantly alter 
management. When inhalation injury 
is present, the managing physician 
must increase the volume of fluids 
administered.20 The details of evalu-
ation and management of these inju-
ries will be discussed in subsequent 
sections.

Differential Diagnosis
Typically, a history of fire or expo-

sure to a source (chemical, electrical, 
thermal, or radiation) is available 
upon patient presentation. However, 
in the rare occurrence it is not avail-
able, other conditions should be 
considered that may appear similar to 
a burn. Some of these conditions are 
staphylococcal scalded skin syndrome 
(see Figure 2), toxic shock syndrome, 
Kawasaki’s disease, Stevens-Johnson 
syndrome, and toxic epidermal 
necrolysis. While an extensive discus-
sion of these diseases is beyond the 
scope of this paper, the authors men-
tion them as a consideration in evalu-
ation of the patient with a burn-like 
picture if history is unavailable.

Additionally, the practitioner 
must maintain a suspicion for non-
accidental trauma (NAT) when the 
history and physical exam do not 
correlate with findings, when there is 
a delay in seeking care, when there is 

concern for neglect or lack of super-
vision, or when specific burn patterns 
are present (these will be discussed 
in the next section). The incidence 
of abuse and neglect as a cause of 
pediatric burns varies from almost 
2-25%. The true incidence is likely 
higher since the reported numbers 
were generated using data collected 
with varying methods. Standard 
definitions of abuse often exclude 
neglect.21,22,23 If the practitioner sus-
pects abuse, social workers and the 
local department of family and chil-
dren’s services need to be contacted, 
as suspicion of child abuse falls under 
the mandatory reporting laws in the 
United States. The specifics of these 
laws vary slightly by state. It is vital 
that the practitioner be aware of his 
or her state’s policies. Specific state 
policies can be found online at www.
childwelfare.gov. 

Initial Evaluation
When evaluating the pediatric 

burn patient, a thorough history is 
critical. Components of the history 
should include time of occurrence, 
source of burn, duration of exposure, 
situation leading up to exposure, as 
well as methods of treatment prior to 
arrival. In addition, a thorough past 
medical history is essential, including 
tetanus status, co-morbidities such as 
respiratory disease, immune compro-
mising diseases, diabetes, and cardio-
vascular problems. These historical 
components are essential because 
they portend a higher morbidity and 
mortality and may help guide treat-
ment and the decision to transfer.

As with any critically ill or injured 

patient, it is imperative to proceed 
in a methodical and organized man-
ner when assessing a pediatric burn 
patient. The American College of 
Surgeons (ACS) and American Burn 
Association (ABA) suggest following 
the primary and secondary surveys as 
described in the Advanced Trauma 
Life Support (ATLS) course.24

Begin with an assessment of the 
airway. In doing so, the practitioner 
must not only consider current air-
way compromise, but also should 
take note of concerning findings 
and anticipate a possible decline 
in airway patency. Emergent and 
immediate control of the airway with 
endotracheal intubation should be 
performed if any of the following 
are present: altered mental status, 
hypoxia, stridor, drooling, oropha-
ryngeal edema, marked tachypnea, or 
apnea. Additional concerning find-
ings include hoarse voice, oropha-
ryngeal erythema and edema, singed 
facial hairs and soot in oropharynx, 
or carbonaceous sputum. These 
should prompt frequent repeated 
assessments of the child’s airway. 
Methods of airway control will be 
discussed further in the management 
section.

Once the airway is assessed, the 
practitioner should assess the qual-
ity and quantity of respirations. 
One should note the presence of 
wheezing, rales, or stridor, as well 
as tachypnea and increased work of 
breathing, including the use of acces-
sory muscles. Assess for burns on 
the chest and neck. Large burns to 
the chest and neck, especially those 
that are circumferential, may be 

Figure 2. Staphylococcal Scalded Skin Syndrome



6 Trauma Reports / Volume 14, Number 4 July/Aug 2013

constrictive and significantly com-
promise ventilation. If significant 
burns involving the chest are pres-
ent, one may need to progress to 
escharotomy, which will be discussed 
under management.

The next area to be addressed is 
the circulatory system. Assessment 
of the circulation includes checking 
pulses and capillary refill, especially 
in extremities affected by the burn. 
If pulses are absent or there is a 
marked delay in capillary refill, one 
should again consider escharotomy 
to restore perfusion to the affected 
limb. Another means of assessing 
circulation is by measuring blood 
pressure. Most burn patients do not 
initially present with hypotension. 

It should be noted, however, that 
early in the course of a burn, hypo-
tension is rare and should prompt 
good fluid resuscitation as well as 
an assessment for internal bleeding. 
SIRS and sepsis are later findings. 
The appropriate manner of resusci-
tation and fluid administration will 
be discussed later, but is similar to 
other trauma assessments. Until 
the airway, breathing, circulation, 
disability, and exposure, including 
removal of all clothing and a thor-
ough inspection of the skin (i.e., 
primary survey), are assessed, man-
aged, and stabilized, one should not 
proceed. After full exposure, one 
should do a thorough assessment of 
the burn. This will be described in 

more detail below with the second-
ary survey.

Evaluation of the Burn
The next step of assessment is an 

estimation of the extent of burn 
injury. This is important in guiding 
therapeutic interventions and tri-
age decisions and often correlates 
with the potential morbidity and 
mortality. There are several validated 
methods for estimating the extent 
of burns in the pediatric population. 
Two commonly used methods are 
the Lund-Browder method and rule 
of nines. (See Tables 2 and 3.) As a 
result of their disproportionately 
large heads, children cannot accu-
rately be assessed using the same 
means as adults. As a general rule, 
the pediatric patient’s palm, includ-
ing fingers, provides an estimate 
equivalent of about 1% TBSA. While 
all burns need be documented, only 
superficial partial thickness burns 
and those that are deeper second-, 
third-, and fourth-degree burns are 
included in calculations for fluid 
administration. In general, the initial 
estimation of TBSA involvement is 
often incorrect secondary to inex-
perience with burn estimation and 
failure to fully clean and expose the 
patient. Also burns can often evolve 
in the first 24 hours.25 

When assessing burn injuries, the 
practitioner should pay special atten-
tion to the shape and extent of the 
burn. Specific patterns should raise 
concern for NAT and neglect. Some 
of these patterns include burns in 
the shape of a hot object, such as the 
imprint of a utensil or curling iron, 
as well as cigarette burns and lighter 
burns. (See Figure 3.) A stocking 
glove distribution of burns arises from 
the child being forcefully placed into 
hot water. This pattern should raise 
suspicion for submersion injury and 
abuse. Finally, genital burns should 
cause the practitioner to consider 
NAT, as previously mentioned.

Following full burn assessment, 
one should proceed with a complete 
secondary survey of the patient. This 
should include palpation of all bony 
surfaces as well as an assessment 
of pelvic stability. In addition, one 

Table 4. Grades of Ocular Burns

Grade Appearance Prognosis
I Corneal ulceration, no limbal ischemia Good
II Steamy cornea with some limbal ischemia 

and injection of conjunctiva
Good

III Corneal opacification, loss of iris detail, 
moderate amount of limbal ischemia

Guarded

IV Cornea opaque, iris and pupil obscured, 
large amount of limbal ischemia

Poor*

*Improving prognosis with current day therapies

Figure 3. Grill Burn
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should assess the abdomen for dis-
tention and tenderness and carefully 
examine the genitourinary region. 
Concomitant trauma is not uncom-
mon in burn patients and can be 
missed if a thorough survey is not 
performed.

Special consideration should be 
given to the eye examination, espe-
cially in chemical and flash burns. 
Ocular burns can be broken down 
into four categories. Grades 1 and 2 
are minor with small ulceration, che-
mosis, and conjunctival erythema. 
Grades 3 and 4 affect the deeper 
structures and appear often with cor-
neal opacification, dark thrombosed 
vasculature, and iridocyclitis. (See 
Table 4.) To fully assess for ocular 
involvement, one should stain the 
eyes with fluorescein and look with a 
slit lamp or Wood’s lamp. Increased 
uptake suggests corneal involvement. 
When ocular injury is suspected, one 
should begin with copious irrigation 
of the eye using 500-1000 mL of 
normal saline, clean water, or other 
irrigation fluid for at least 15 min-
utes to a goal of neutral pH of 7. If 
ocular involvement is discovered, 
one should treat with a topical ocular 
antibiotic and arrange close follow-
up within 24 hours with an ophthal-
mologist. The use of ocular steroids 
should be discussed. More severe 
eye injuries (grades 3 and 4) require 
emergent ophthalmology consul-
tation and often result in surgical 
exploration and debridement.26

Diagnostic Testing
After a full assessment of the burn 

victim is complete, the practitioner 
should consider further diagnos-
tic testing. This may include chest 
radiographs, imaging of any injured 
areas, and CT scan of the head in 
patients with an altered mental sta-
tus. Laboratory studies to consider 
include carboxyhemoglobin, cyanide 
levels, type and cross, complete 
blood count, chemistries, urinalysis, 
urine myoglobin, creatinine kinase, 
coagulation studies, and blood gases.

Early Management
Airway Management. 

Management of the burned pediatric 

patient proceeds in a stepwise pro-
gression, beginning with manage-
ment of the airway. The physician 
must be aware of the dynamic nature 
of the airway in a burned child. 
Failure to consider inhalation injury 
and improper or delayed manage-
ment of the critical airway is one of 
the most frequent causes of adverse 
events in the pediatric burn patient.27 
The presence of inhalational injury 
dramatically increases mortality in 
burn victims,28,29 and in the acute 
setting, burn-specific insults can 
result in abrupt airway collapse. 
External injuries can also complicate 
the airway with eschar formation of 
the chest or circumferential burns of 
the neck constricting the airway and 
impeding ventilation mechanics.30,31

If there is concern for impending 
airway collapse, a definitive airway 
should be established. Conventional 
induction and paralyzing agents 
are acceptable, with the caveat that 

succinylcholine should be avoided in 
the patient who presents 48 hours 
after injury, as severe burns can result 
in delayed onset hyperkalemia.32 (See 
Table 5.) In the pediatric patient who 
does not require intubation, there 
is still a role for sedation and anal-
gesia, particularly in the acute phase 
of decontamination, cleaning, and 
debridement of burns. The effective-
ness of ketamine or various opioids 
in concert with benzodiazepines has 
been well demonstrated.33,34 (See 
Table 5.) There is also increasing 
evidence that dexmedetomidine can 
serve as an effective replacement for 
benzodiazepines.35,36

Approximately 80% of fire-related 
deaths are due not to the injury 
itself, but to the inhalation of toxic 
products28, most notably carbon 
monoxide (CO) and hydrogen 
cyanide gases (CN). Various tox-
ins have a profound effect on lung 
parenchyma, both via direct alveolar 

Table 5. Analgesics, Sedatives, and Paralytics  
for Pediatric Burn Patients

Drug Intravenous Dosages
Analgesics
Morphine 0.1-0.2 mg/kg
Fentanyl 1.0-3.0 ug/kg
Ketorolac 0.5 mg/kg (max dose 30 mg)
Hydromorphone 0.015 mg/kg
Sedatives
Midazolam 0.05-0.10 mg/kg
Diazepam 0.2 mg/kg (max dose 10 mg)
Lorazepam 0.05 mg/kg (max dose 2 mg)
Diprivan 1.0-2.0 mg/kg (loading), 50-100 ug/

kg/min (infusion)
Etomidate 0.15 mg/kg (sedation); 0.3 mg/kg 

(induction)
Dexmetomidine37 0.5-2 ug/kg (sedation); 0.1-2 ug/kg/hr 

(infusion)
Other
Ketamine 0.5-2.0 mg/kg
Paralytics
Succinylcholine 1.0-2.0 mg/kg
Vecuronium 0.1-0.2 mg/kg
Rocuronium 0.5-1.0 mg/kg
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destruction and impedance of ciliary 
function. Exposure to smoke trig-
gers an inflammatory cascade that 
increases bronchial vessel perme-
ability and leads to pulmonary 
edema. This localized destruction, 
in combination with the subsequent 
sloughing of necrotized respiratory 
epithelium and interstitial conges-
tion, results in hypoxia.  

In addition to direct alveolar 
and bronchial effects, compounds 
such as CO and CN are absorbed 
and produce systemic toxicity. 
The increased affinity of CO for 
hemoglobin shifts the oxygen dis-
sociation curve to the left, impair-
ing diffusion of oxygen into the 
tissues. Management of CO toxicity 
involves initial supportive care, pri-
marily through the administration 
of 100% humidified, normobaric 
oxygen, which reduces the elimina-
tion half-life of CO from 5 to 6 
hours to approximately 30 to 90 
minutes. Further reduction in half-
life to 30 minutes is possible with 
the utilization of hyperbaric oxygen 
therapy (HBOT).38 The goal of 
HBOT is to prevent delayed neuro-
psychological sequelae in the form 
of cognitive impairments and affec-
tive disorders that manifest days to 
months after exposure.

There are limited data to indicate 

exactly when HBOT is indicated 
in pediatric patients.39,40 Studies in 
adult populations suggest benefits in 
patients with acute CO exposure in 
patients with loss of consciousness, 
and those with higher COHb levels 
at presentation. 

CN uncouples oxidative phosphor-
ylation within mitochondria, derail-
ing aerobic metabolism and resulting 
in formation of lactic acid. CN is 
managed with high-flow oxygen as 
well as concomitant administration 
of one of the four classes of antidote. 
These include hydroxocobalamin, 
sodium thiosulfate, dicobalt edetate, 
and methemoglobin-forming com-
pounds.41 (See Table 6.) 

The mainstay for refractory 
hypoxia from inhalational injury-
related pulmonary edema is ventila-
tor support. The goal is to improve 
oxygenation while minimizing 
ventilator-induced lung injury. 
Unfortunately, limited data exist to 
suggest which settings lead to the 
best outcomes in the pediatric popu-
lation. One 2004 survey produced 
no consensus among pediatric burn 
centers regarding the application 
of various ventilator modes in the 
setting of acute respiratory failure, 
as well as the use of cuffed endo-
tracheal tubes and the timing of 
tracheostomy.42

Small studies have demonstrated 
the effectiveness of less conventional 
ventilator therapies, including high-
frequency percussive ventilation, 
high-frequency oscillatory ventila-
tion,43 extracorporeal membrane 
oxygenation (ECMO) in refractory 
patients,44 and even the use of sur-
factant as an adjunct,45 but further 
study is needed to elucidate the 
effectiveness of these alternative 
therapies. A full discussion of these 
therapies is beyond the scope of this 
article.

Fluid Resuscitation
As with adults, adequate fluid 

resuscitation and maintenance of 
euvolemia is a critical component 
in the management of pediatric 
burns. The causes of hypotension 
in burn patients are multifacto-
rial and include evaporative fluid 
losses, extravascular fluid shifts, 
and inflammatory responses related 
to the burn itself, as well as from 
subsequent infection. Inadequate 
resuscitation leads to renal and 
hepatic dysfunction.46,47 Restoring 
and maintaining adequate perfu-
sion can prevent late complications, 
including multisystem organ failure. 
The efficacy of fluid resuscitation 
in burned children is dependent 
on time to intervention. Prompt 
initiation is associated with a lower 
incidence of sepsis and renal failure, 
fewer deaths with cardiac arrest, and 
lower overall mortality.48

The Parkland formula provides an 
early estimate for 24-hour fluid vol-
ume requirements for resuscitation. 
Fluid requirements are calculated by 
multiplying 4 milliliters per kilogram 
body mass (ml/kg) by the estimated 
percentage total body surface area 
(TBSA) of second- and third-degree 
burns for the first 24 hours (4 mL/
kg/% BSA). Half of the calculated 
volume is administered in the first 
8 hours following injury and the 
remainder during the subsequent 16 
hours.

Although the Parkland formula 
is well established as a guideline 
for fluid resuscitation, it has been 
recently challenged.49 Multiple 
studies have demonstrated a subset 

Table 6. Common Antidotes for Cyanide Toxicity

Antidote Pediatric Dosing
Hydroxocobalamin 70 mg/kg up to adult dose of 5 g, 

administered IV over 15 minutes, then 
a second dose of the same given over 
15-120 minutes, as clinically indicated

Sodium thiosulfate 500 mg/kg up to the adult dose of  
12.5 g, administered IV over 10-30 
minutes, then a second administration 
of half the initial dose given at 2 hours if 
symptoms persist

Sodium nitrite Administer 0.2 mL/kg of 3% sodium 
nitrite solution intravenously, not to 
exceed 300 mg; repeated at half the 
initial dose if symptoms of cyanide 
toxicity persist/reappear
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of patients in which the Parkland 
Formula inaccurately estimates nec-
essary replacement.50,51 Identification 
of these specific populations in which 
high fluid volumes have produced 
poor outcomes has changed the 
basis of concern from inadequate 
resuscitation of burn patients to 
over-resuscitation.52 

The clinical consequences of over 
resuscitation, first described by 
Pruitt53 as “fluid creep” are manifest 
in the form of ARDS, pneumonia, 
bloodstream infections, multiple 
organ failure, compartment syn-
dromes of both the abdomen and 
non-traumatic limbs, and death.54,55 
Recognition of this complication 
has led to the utilization of alterna-
tive products for initial resuscitation, 
including hypertonic fluids and col-
loids,56,57 the clinical effectiveness 
of which has not yet been conclu-
sively demonstrated. Despite this, a 
number of burn centers use colloid 
replacement therapy in pediatric 
patients in whom isotonic crystal-
loid replacement does not prove 
adequate. Colloids have not dem-
onstrated a survival benefit in these 
patients.58,59,60 Limited data suggest 
that using invasive hemodynamic 
monitoring to guide fluid resuscita-
tion results in a lower incidence of 
sepsis and mortality at a similar infec-
tion rate, and that using such moni-
toring achieves similar rates of urine 
output in critically burned patient 
with less volume.61

As most severe burns are compli-
cated by anemia, blood products are 
viewed as an often necessary supple-
ment to intravenous crystalloids 
for volume replacement. However, 
blood transfusions are not a benign 
therapy, and associated complica-
tions may occur. Some studies have 
demonstrated a correlation between 
increased transfusion products in 
trauma and increased mortality62 
and, as such, the current trend is to 
minimize transfused blood prod-
ucts.63 The details of transfusion 
ratios and techniques are beyond 
the scope of this article.

Escharotomy
Escharotomy is the surgical release 

of restrictive, inelastic tissue when 
such tissue begins to compromise 
physiological function (e.g., neu-
rovascular function in an extremity, 

tracheal obstruction, or severely 
limited chest wall motion). Prior 
to commencing, the patient should 
receive proper analgesia, either local 

Figure 4. Large Second- and Third-Degree Burns to 
Torso and Extremities with Escharotomy

Figure 5. Close-up of Escharotomy Incision 

Photo courtesy of Dr. Colin Kaide

Photo courtesy of Dr. Colin Kaide
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or systemic, as time allows. For the 
physician unfamiliar with the tech-
nique, the incision should be made 
to the depth of the subcutaneous fat.  

For limbs, the lateral and medial 
aspects of the involved extremity are 
incised with a scalpel 1 cm proximal 
to the burned area, extending 1 cm 
distal to the burn. Neck escharotomy 
should be performed longitudinally 
along the lateral posterior aspect of 
the neck to avoid the critical vas-
cular structures. In the case of full-
thickness circumferential chest burns, 
the incision should extend from the 
clavicle to the costal margin bilater-
ally and link transverse incisions as 
dictated by the area of the burn.68 
(See Figures 4 and 5.)

Wound
The primary early complications of 

burn wounds are volume losses and 
infection secondary to interruption 
of the dermal barrier. Later, there 
is disruption of mechanical func-
tion related to contracture forma-
tion. Once the injured area has been 
cleared of obstructive debris and/
or any chemical agents that might 

augment injury, efforts should be 
directed at cleansing the wound and 
debriding necrotic tissue. These steps 
allow for better visualization of the 
wound, identification of wound mar-
gins, and the removal of devitalized 
tissue that has the potential to serve 
as a nidus for infection. Cleaning 
typically consists of gentle mechani-
cal scrubbing with soap and water. 
When blisters are encountered, the 
practitioner should attempt to leave 
them intact, since unroofing them 
may lead to slightly higher infection 
rates and more patient discomfort. 

Tetanus vaccination status should 
be addressed and updated as neces-
sary. Before the advent of effective 
tetanus prophylaxis, 20% of the 
patients sustaining major thermal 
injury died of tetanus infection.69 

Burns with an intact epidermis do 
not require antimicrobial prophy-
laxis or complex dressings, but for 
patients with deeper burns, consid-
eration should be given to dress-
ing type and antimicrobial agents. 
Maintaining wounds at low coloniza-
tion levels reduces the frequency and 
duration of septic episodes caused 

by wound contamination from 
skin flora.70 Systemic antimicrobial 
agents do not reach burn wounds 
in sufficient concentrations due to 
thrombosis of capillaries and wound 
edema, which compresses local vas-
culature. Therefore, their use is not 
routinely recommended. However, 
topical agents do successfully delay 
colonization of organisms and keep 
wound flora to a minimum. When 
preparing a patient for transfer to 
a burn center, a clean or sterile dry 
towel/sheet should be placed over 
the burned area without any addi-
tional medications or dressings.

Historically, application of anti-
microbial agents such as mafenide 
acetate, 1% silver sulfadiazine, or 
bacitracin in combination with 
synthetic bandages has been the 
standard of care,71 but these agents 
are slowly being replaced by more 
advanced artificial skin and biosyn-
thetic dressings.  

Biosynthetic dressings such as 
Mepilex, Biobrane, beta-glucagon 
collagen, and hydrocolloid improve 
wound healing by promoting early 
epithelialization. Occasionally, the 
application of these will be requested 
by the burn specialist. Some, such as 
Mepilex Ag, have the added benefit of 
intrinsic antimicrobial properties and 
can be used independently of topi-
cal antibiotics. Early studies suggest 
they provide a wide range of benefits 
in the form of less-frequent dressing 
changes, facilitation of outpatient 
versus inpatient therapy, increased 
patient comfort, and decreased inci-
dence of operative intervention.72,73,74 
Studies have not consistently demon-
strated a benefit of one dressing type 
over another, and practice varies from 
institution to institution.

Ultimately, those burns that are 
too extensive or complicated to be 
managed with dressings require 
definitive surgical management in 
the form of excision and reconstruc-
tion using skin grafts. Early exci-
sion has consistently been shown to 
decrease hospital length of stay and 
mortality.75,76,77 

Nutrition
Nutrition is of critical importance 

Table 7. ABA Indications for Transfer to a Burn 
Center

• Second-degree burns (partial thickness) of greater than 10% of 
the body surface area (BSA) 

• Third-degree burns (full thickness) in any age group 
• Burns involving: 

 – Signs or symptoms of inhalation injury
 – Respiratory distress 
 – The face 
 – The ears (serious full-thickness burns or burns involving the ear 
 canal or drums) 
 – The mouth and throat 
 – Deep or excessive burns of the hands, feet, genitalia, major 
 joints, or perineum 

• Electrical injury or burn (including lightning) 
• Burns associated with trauma or complicating medical conditions 
• Chemical burns 
• Burn injury in patients who will require special social, emotional, or 

rehabilitative intervention
• Burned children in hospitals without qualified personnel or equipment 

for the care of children
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following a severe burn. The goal is 
to provide nutritional supplemen-
tation within 48 hours of injury. 
Extensive burn trauma leads to both 
a hypermetabolic and catabolic state, 
in which the patient is at risk for 
malnutrition and progressive weight 
loss for an interval extending for at 
least 9–12 months after injury.78 This 
discrepancy between protein/energy 
supply and demand manifests clini-
cally with delayed wound healing, 
muscle wasting, and immunocom-
promise during recovery. A number 
of regulatory molecules contribute 
to this consumptive state, and future 
therapies will likely attempt to com-
bat muscle breakdown via a combi-
nation of anabolic proteins, anabolic 
steroids, and anti-catabolic agents.79 
The details of the complex caloric 
needs of the pediatric burn patient 
are beyond the scope of this article.

Psychological Support
In the pediatric patient, the physi-

cal damage of a severe burn injury is 
often accompanied by psychological 
stress. Acutely, this presents as inter-
nalizing behaviors such as anxiety 
and withdrawal, and externalizing 
behaviors, such as those character-
ized by oppositional defiant disor-
der. These represent healthy coping 
mechanisms, which may help chil-
dren deal with their situation.87

More concerning is the potential 
to develop behaviors or attitudes 
that are dysfunctional. Children must 
deal with a host of complications. 
In addition to anxiety and post-
traumatic stress disorder (PTSD) 
symptoms, they may have difficulty 
with social interaction, self-esteem 
issues, or problems with body image 
(related to scarring).88 This is com-
pounded by whatever functional 
deficits they have acquired as a result 
of the burn injury itself. The authors 
of one study concluded that 15–20% 
of children developed a negative psy-
chosocial outcome as a result of burn 
trauma.89

An increasing body of literature 
reveals extensive psychosocial and 
familial challenges and suggests that 
there is utility in recruiting profes-
sional psychological help for pediatric 

trauma survivors and their families in 
the aftermath of a burn injury.90

Complications
Infection is the most common 

complication of pediatric burns.91,92 
Infectious complications include 
urinary tract infection, pneumonia, 
wound infection, and line infec-
tion. The practitioner should have 
a high suspicion for infection in the 
pediatric burn patient with fever, 
leukocytosis, malaise, rash, or altered 
mental status. Urinary tract infec-
tions (UTIs) due to prolonged Foley 
catheter use are more common in 
pediatric burn patients than adults 
and are the leading complication of 
burns in children younger than age 
16 years.2,92 Cellulitis closely follows 
UTIs in rates of complication.2 In 
addition to the common pathogens 
Staphylococcus and Streptococcus, 
one should be aware of pathogens 
unique to burn patients, such as 
Pseudomonas, yeast, and fungus. As 
with other hospitalized and immune-
compromised patients, providers 
should be cognizant of the potential 
for resistant organisms when choos-
ing antimicrobials.93,94 The third 
most common infection is pneumo-
nia. As with non-burned patients, the 
risk of pneumonia is increased with 
mechanical ventilation.93 In addition, 
inhalation injury alone also increases 
the risk of pneumonia.95

Pediatric burn victims are also 
prone to septicemia and funge-
mia, with sepsis being the leading 
cause of mortality in pediatric burn 
patients.94,95

As expected, larger, deeper burns 
and indwelling lines increase the 
risk for nosocomial infection.96 
Treatment for these conditions 
includes antibiotics and supportive 
care. Prophylactic antibiotics are not 
indicated.93 Prevention consists of 
early wound closure, infection con-
trol programs, minimizing ventilator 
days, and meticulous catheter care. 
In addition, the use of central lines 
should be reserved to the ICU set-
ting or in cases in which peripheral 
access cannot be obtained.

Renal failure is a less common and 
often less severe complication of 

pediatric burns. The etiology is often 
secondary to inadequate resuscita-
tion of the burn patient. Given the 
fact that most children do not have 
underlying kidney disease, renal 
function tends to recover well with 
fluid resuscitation.97

In contrast to renal failure, abdom-
inal compartment syndrome (ACS) 
is a phenomenon that develops in 
burn patients as a result of adequate 
or over-resuscitation. ACS is pres-
ent when intra-abdominal pressure 
consistently measures greater than 
20 mm Hg and there are signs of 
end organ damage. Burns induce 
ABS through several mechanisms, 
including over-resuscitation, direct 
compression due to circumferential 
burns, and increased mesenteric 
vascular resistance and subsequent 
inflammatory cascades. Early recog-
nition and prompt treatment of ACS 
is essential to minimizing end organ 
damage, restoring perfusion, and 
improving outcomes.98,99

Disposition
The decision to discharge, admit, 

or transfer the pediatric burn patient 
is one that is not always clear. To 
assist in this, the ABA has established 
guidelines for transfer to a tertiary 
burn center. (See Table 7.) 

The majority of pediatric burns 
are minor, as previously discussed. 
Admission rates for pediatric burns 
are relatively low, ranging from 
4-10%. Most first-degree burns and 
burns less than 10% often can be sent 
home with close outpatient follow-
up. Social work should be involved 
in burns suspicious for NAT or the 
patient should be admitted for fur-
ther investigation to prevent expos-
ing the child to further abuse and 
injury.7,100-104

Prevention
The prevention of pediatric burns 

by making parents and children 
aware of environmental contributors 
is as important as the recognition 
and evidence-based management of 
burn injuries. The ABA has made a 
concerted effort in the area of burn 
prevention, as have many pediatric 
advocacy groups and local burn 



12 Trauma Reports / Volume 14, Number 4 July/Aug 2013

centers. Efforts include suggesting a 
lower temperature setting of 120°F 
on residential water heaters to reduce 
the incidence of scald injuries. Simple 
measures such as teaching parents to 
turn pot handles to the back, being 
cognizant of electrical cord location, 
using non-slip mats, not heating 
infant bottles in a microwave, apply-
ing outlet covers, and never leaving 
children unsupervised in the kitchen 
are being employed to reduce burn 
injuries. As practitioners, it is impor-
tant to review and reinforce these 
concepts when one encounters par-
ents with a child, especially one with 
a burn, to prevent future injury.

Conclusion
Burns are a significant problem 

affecting the pediatric population. 
In addition to the physical disfigure-
ment of burn injuries, they carry 
a psychological burden that can 
leave a lifelong impact on the child 
and family. Pediatric burn patients 
can be very complex. An organized 
approach to the assessment and man-
agement of the pediatric burn patient 
assures the best outcome. Early 
control of the airway and appropri-
ate fluid management are critical 
determinants of good outcomes for 
this population. Proper assessment 
and evaluation of the burn injury 
ensures patients are dispositioned to 
the adequate level of care. It is cru-
cial that the physician understand the 
unique medical and psychological 

complications of pediatric burns, 
enabling early recognition and inter-
vention to minimize long-term dis-
ability. (See Table 8.)
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CME/CNE Questions
1. A burn that involves the dermis and epi-

dermis is classified as:
A. first degree
B. second degree
C. third degree
D. fourth degree

2. A burn that is insensate is classified as:
A. first degree
B. second degree
C. third degree
D. fourth degree

3. Which of the following does not require 
transfer to a burn center?
A. a child with genital burns
B. a child with second-degree burns over 

the entire anterior chest and right 
anterior thigh

C. a child with circumferential second-
degree burns of a finger

D. All of the above should be sent to a 
pediatric burn center.

4. A 5-year-old child has a second-degree 
splash burn to the anterior chest, ante-
rior right thigh, and anterior right upper 
extremity. What is the TBSA?
A. 10%
B. 15%
C. 20%
D. 25%

5. If the previously mentioned 5-year-old 
weighs 20 kg, what is the total amount of 
fluids the child should receive in the first 
24 hours?
A. 800 mL
B. 1000 mL
C. 1600 mL
D. 2000 mL

CNE/CME Objectives
Upon completing this program, the participants will be able to:
• discuss conditions that should increase suspicion for traumatic injuries;
• describe the various modalities used to identify different traumatic conditions;
• cite methods of quickly stabilizing and managing patients; and
• identify possible complications that may occur with traumatic injuries.

CNE/CME Instructions

HERE ARE THE STEPS YOU NEED TO TAKE TO EARN CREDIT FOR 
THIS ACTIVITY:

1. Read and study the activity, using the provided references for further research.
2. Log on to www.cmecity.com to take a post-test; tests can be taken after each 

issue or collectively at the end of the semester. First-time users will have to register on the 
site using the 8-digit subscriber number printed on their mailing label, invoice, or renewal 
notice.

3. Pass the online tests with a score of 100%; you will be allowed to answer the 
questions as many times as needed to achieve a score of 100%.

4. After successfully completing the last test of the semester, your browser will be 
automatically directed to the activity evaluation form, which you will submit online.

5. Once the completed evaluation is received, a credit letter will be e-mailed to 
you instantly. You will no longer have to wait to receive your credit letter.
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6. Which of the following is an indication 
for early intubation?
A. hoarse voice
B. carbonaceous sputum
C. drooling
D. all of the above

7. Which of the following is an indication 
for escharotomy?
A. circumferential extremity burn 
B. poor ventilatory compliance with  

significant chest wall burn
C. abdominal wall burn
D. all of the above

8. Children involved in closed-space fires are 
more likely to sustain inhalation injury as 
the result of their relative immobility and 
impaired ability to escape.
A. true
B. false

9. Young children require as little as what 
percentage total body surface area 
(TBSA) to trigger a systemic response?
A. 1%
B. 5%
C. 25%
D. 15%

10. Which of the following statements is 
true regarding nutritional needs of burn 
patients?
A. Patients are only at risk for malnutri-

tion and progressive weight loss for 
the first three months after injury.

B. Patients may experience symptoms 
such as delayed wound healing, mus-
cle wasting, and immunocompromise 
during recovery.

C. Extensive burn trauma leads to a 
hypermetabolic state, but not a cata-
bolic state.

D. Extensive burn trauma leads to a cata-
bolic state, but not a hypermetabolic 
state.

11. Which of the following factors in the his-
tory and physical exam of burn injuries 
should cause the practitioner to maintain 
suspicion of non-accidental trauma?
A. when the history and physical exam 

do not correlate with findings
B. when there is a delay in seeking care
C. when there is concern for neglect or 

lack of supervision
D. when specific burn patterns are  

present
E. all of the above

12. Which of the following is the leading 
complication of burns in children younger 
than 16 years of age?
A. urinary tract infection from prolonged 

Foley catheter use
B. wound infection
C. pneumonia
D. line infection

To reproduce any part of this newsletter for promotional purposes, please 
contact:
Stephen Vance
Phone: (800) 688-2421, ext. 5511
Fax:     (800) 284-3291
Email:  stephen.vance@
 ahcmedia.com

To obtain information and pricing on group discounts, multiple copies, site-
licenses, or electronic distribution please contact:
Tria Kreutzer
Phone: (800) 688-2421, ext. 5482 
Fax:     (800) 284-3291
Email:  tria.kreutzer@
  ahcmedia.com

To reproduce any part of AHC newsletters for educational purposes, please 
contact:
The Copyright Clearance Center for permission
Email: info@copyright.com
Website: www.copyright.com
Phone: (978) 750-8400
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Now Online

This year, we’re going digital with our annual Trauma Reports reader 
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Dear Trauma Reports Subscriber:
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Trauma Reports, sponsored by AHC Media, provides you with evidence-based information and best practices that help 
you make informed decisions concerning treatment options and physician office practices. Our intent is the same as 
yours — the best possible patient care.  

Upon completion of this educational activity, participants should be able to:

• discuss conditions that should increase suspicion for traumatic injuries;
• describe the various modalities used to identify different traumatic conditions;
• cite methods of quickly stabilizing and managing patients; and
• identify possible complications that may occur with traumatic injuries.

The American Medical Association, which oversees the Physician’s Recognition Award and credit system and allows 
AHC Media to award AMA PRA Category 1 Credit TM, has changed its requirements for awarding AMA PRA Category 
1 Credit TM. Enduring materials, like this newsletter, are now required to include an assessment of the learner’s per-
formance; the activity provider can award credit only if a minimum performance level is met. AHC Media considered 
several ways of meeting these new AMA requirements and chose the most expedient method for our learners.
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1. Read and study the activity, using the provided references for further research.
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semester. First-time users will have to register on the site using the 8-digit subscriber number printed on their mailing label, 
invoice, or renewal notice. 
3. Pass the online tests with a score of 100%; you will be allowed to answer the questions as many times as needed to 
achieve a score of 100%. 
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evaluation form, which you will submit online. 
5. Once the completed evaluation is received, a credit letter will be e-mailed to you instantly. You will not have to 
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medicine and family physicians.
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Sincerely,

Lee Landenberger
Continuing Education Director
AHC Media


