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CME Objectives 

Upon completion of this article, you should be able to:    
1. Accurately classify burn injury based on depth (degree 

of injury) and discuss how this informs management, 
disposition, and prognosis.

2. Calculate an initial fluid resuscitation prescription and 
acknowledge the necessity of continually monitoring the 
various indices of volume status to permit appropriate 
adjustments. 

3. Provide adequate wound care, including initial cleaning 
and debridement, the possible application of topical 
antimicrobials, and an appropriate dressing.

4. Recall the criteria for specialty burn center referral.

Prior to beginning this activity, see “CME Information” on the 
back page.

Critical Care Of Severe  
Thermal Burn Injury
 Abstract 

Severe thermal burn injury is a subset of trauma that necessitates an 
approach that initially focuses on the airway, breathing, and circula-
tion of the injured patient.  Specific features of burn injury, such as 
direct oropharyngeal injury, inhalation injury, and edema that may 
result from either the burn itself or as a consequence of iatrogenic 
fluid administration, render these patients prone to rapid airway 
deterioration. Clinicians must appreciate that a patient with an 
initial presentation appearing to be relatively benign may rapidly 
decompensate and require mechanical ventilation. Altered mental 
status should not be trivialized and should be assumed to be the 
consequence of inhalation of poison gas from the burned environ-
ment or associated trauma until proven otherwise. Once initial 
stabilization efforts are successful, local wound care soothes injury 
and optimizes outcome. During the ensuing 72 hours, patients may 
ultimately suffer more morbidity and mortality not from the burn 
injury per se but from the development of burn shock secondary to 
a profound systemic inflammatory response. Emergency physicians 
play a key role in ameliorating this response by initiating early and 
aggressive fluid resuscitation while constantly monitoring volume 
status to make any necessary adjustments in fluid administration 
rate. Additionally, familiarity with the criteria for patient transfer 
ensures appropriate and timely referral to a specialty burn center 
where dedicated burn teams provide supportive care and surgical 
intervention, as indicated.
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outcomes. This issue of EMCC focuses on early care 
of the patient sustaining severe thermal burn injury. 

 Critical Appraisal Of The Literature 

A literature search of Ovid MEDLINE® and PubMed 
for articles related to the management of acute 
severe burns was performed. The search was nar-
rowed to include only English-language publica-
tions and primarily focused on adult human studies, 
but it did not specifically exclude applicable animal 
studies. Key words used in the search included 
critical care burn management, emergency medicine burn 
management, acute burn management, fluid manage-
ment in burn injury, infection in burn injury, and 
wound management in burn injury. Clinical guidelines 
relevant to the management of burn injury from the 
American Burn Association, the Cochrane Database 
of Systematic Reviews, and the National Guideline 
Clearinghouse were also consulted. Additional ar-
ticles were identified via bibliography review of the 
articles found in the primary search described above. 
This search strategy returned over 5500 articles and 
reports (as of January 2012). The most weight was 
given to randomized controlled trials, prospective 
cohort studies, and aggregate studies including 
meta-analyses of clinical trials. Other evidence was 
obtained from retrospective studies, case-controlled 
studies, and other meta-analyses. Panel consensus, 
cross-sectional studies, and case reports were also 
considered in areas lacking stronger evidence.

 Burn Injury As A Member Of The Profound 
 Inflammatory Family 

Burn injury can be conceptualized as 2 distinct tempo-
ral processes. Acutely, the primary burn causes vari-
able structural damage to exposed tissues with severity 
dependent on the type, duration, and intensity of expo-
sure. Of far graver concern, however, is the potential 
development of a secondary, multifactorial inflam-
matory response – burn shock – as a consequence of 

 Case Presentations 

A 44-year-old male presents to the ED via ambulance 
after a concerned neighbor activated EMS after observ-
ing smoke rising from a home roof. The patient was 
pulled from the front entry at the bottom of a staircase 
by firefighters who surmise that he fell down the stairs 
while fleeing from a second-story fire. It is evident that 
he has left-thigh compartment swelling and burn injury 
to this extremity as well as to the head, face, and neck. 
He is mumbling incoherently, and his respiratory rate 
is 6 breaths per minute. His pulse is rapid and thready, 
with an SBP of 80 mm Hg. He does not open his eyes but 
maintains the ability to withdraw without localization to 
noxious stimuli.
 A short time later, your ED receives a 26-year-old 
female by private vehicle who sustained burns to the 
neck, shoulders, and upper arms and chest secondary to 
an explosion in a private residence. (See Figure 1.) She 
admitted that she was cooking methamphetamine and lost 
control of the process. Her vital signs are: blood pressure 
of 124/78 mm Hg, heart rate of 120 beats per minute, 
respiratory rate of 14 breaths per minute, and oxygen 
saturation of 98% on room air. Her GCS score is 15, and 
she is able to give a full account of the accident details.

 Introduction 

Since the 1930s, advances in the understanding and 
treatment of burn injury have resulted in less morbid-
ity, lower mortality, and shorter hospital and inten-
sive care unit stays for survivors of the 450,000 burn 
injuries that require medical treatment every year 
in the United States.1 Familiarity with burn injury 
assessment (including the initial consideration that 
burn-injured patients are a subset of trauma patients) 
is a key concept for the emergency physician. If 
performed well, approximately 90% of burn-injured 
patients can be safely discharged from the emergency 
department (ED), which facilitates optimal inpatient 
resource utilization. (See the Clinical Pathway, page 
8.) More importantly, skilled and accurate assess-
ments of the remaining 10% of burn-injured patients 
form the foundation for initiating fluid resuscitation 
and timely and appropriate specialty burn consult. 
The majority of patients hospitalized for burn injury 
in the United States now receive their definitive care 
in specialty burn centers, where > 95% of admitted 
patients survive to discharge.1
 Emergency physicians, intensivists, and burn 
specialists have collectively played important roles 
in optimizing outcomes by implementing formal 
resuscitation strategies, following best practices for 
airway management and ventilator support, initiat-
ing early surgical intervention and skin grafting, 
and undertaking improved infection control and 
surveillance. Evolving therapies aimed at attenuat-
ing the inflammatory response portend even better 

Figure 1. Female Patient With Third-Degree 
(Full-Thickness) Burns

Image courtesy of Robert Preston, MD
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arm, and ears – are prone to deeper injury despite 
what might appear to be a relatively benign appear-
ance on initial evaluation. 

Using Lund And Browder To Determine The 
Percentage Of Total-Body Surface Area 
The accurate determination of the percentage of 
total-body surface area (% TBSA) burned is crucial, 
as it is an input variable in the calculation of initial 
fluid resuscitation prescriptions (see below) and is 
an important consideration when referral to a burn 
center is contemplated. Unfortunately, calculating 
% TBSA is notoriously inaccurate when performed 
by inexperienced6 and experienced7 clinicians alike. 
To minimize error, particularly with larger burns, 
avoid using the Wallace “rule of nines”8 to estimate 
burn size, as it does not account for patient size, 
differences in body type, or sex-related proportion 
differences. Furthermore, Wallace’s corollary that the 
examiner’s hand is equivalent to 1% TBSA has been 
shown to be confusing (at best) and inaccurate (at 
worst), since no consideration is given to the relative 
sizes of examiner or patient, nor is there consensus 
about what constitutes the boundary of the palm. 
 Instead, use the Lund and Browder diagram to 
determine % TBSA.9 (See Figure 6, page 5.) In brief, 
the assessor superimposes a graphical depiction of 
burned areas on the diagram, being careful to exclude 
areas of first-degree burn. By consulting the accom-
panying table, which assigns a % TBSA to each body 
area, based on anthropometric data, the total % TBSA 
of the burn-injured area may be easily determined. 
The Lund and Browder diagram is not without criti-
cism, as it is based on decades-old anthropometric 
data and has not been validated externally. However, 
no gold standard exists for comparison, and when 

the release of various local and systemic vasoactive 
mediators that compromise capillary integrity and fa-
cilitate fluid extravasation into the extravascular space. 
This process shares many commonalities with other 
pathologic processes (such as pancreatitis or fulminant 
sepsis) that incite the inflammatory cascade, including 
the frequent presence of a superimposed cardiogenic 
shock component that develops due to direct cardiode-
pressant effects of circulating cytokines such as tumor 
necrosis factor-alpha (TNF-alpha).2 The inflammatory 
cascade further compromises the immune system 
(which is already challenged by a break in the physical 
barrier to infection), and tissues far removed from the 
site of initial exposure can become involved, leading to 
multiple-organ dysfunction syndrome and death. 

 Tools And Techniques For Managing Burns 

Classifying Burns 
The authors advocate for classifying burns accord-
ing to depth of injury, stratified by degree. (See 
Table 1 and Figures 2-4, page 4.) The act of divid-
ing second-degree (partial-thickness) burns into 2 
separate categories (corresponding to superficial 
and deep injury) denotes who is likely to benefit 
from early surgical debridement and skin grafting, 
since deep second-degree (partial-thickness) burns 
act, clinically, like third-degree (full-thickness) burns 
and involve some destruction of the blood vessels, 
hair follicles, and sweat glands rooted in the deep 
dermis. Note that burn depth is often heterogeneous 
(see Figure 5, page 4), particularly in the immediate 
hours after injury, which renders definitive depth 
determinations unreliable for up to 3 weeks postin-
jury.3 It is also noteworthy that certain areas – the 
perineum, medial thigh area, axilla, anterior fore-

Table 1. Burn Depth Classification System4,5

Designation Characteristics Approximate Healing Time Is Skin Grafting Typical?

First-degree (superficial)
burn

• Erythematous
• Blanches easily
• No blistering
• Painful

2-3 d No

Superficial second-degree (partial-
thickness) burn

• Erythematous 
• Wet appearance
• Blanches with pressure
• Blisters typical
• Painful

14 d No

Deep second-degree (partial-
thickness) burn

• Wet appearance
• Does not easily blanch
• Blisters typical
• Less painful than above

> 21 d Yes

Third-degree (full-thickness) burn • Variable erythematous, 
blanched, or charred appear-
ance

• Does not blanch
• Insensate

Highly variable Yes
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 Stabilization In The Emergency Department 

History
Important historical information may be obtained 
from family members, bystanders, and emergency 
medical services personnel. Environmental observa-
tions, such as a building collapse or explosion may 
suggest an increased risk of orthopedic trauma or 
viscera injury secondary to barotrauma. Confirma-
tion that a fire occurred in a closed space or the 
knowledge that several unconscious victims were 
involved may heighten the suspicion of associated 
carbon monoxide poisoning or indicate that other 
noxious chemicals may have been liberated from 

computerized planimetry (a method by which a com-
puter calculates % TBSA based on the clinician tracing 
an outline of the burn on a computer-displayed 
diagram) is used as the de facto gold standard, the 
Lund and Browder diagram outperforms the rule of 
nines with regard to interrater variability,10 and it is 
designed to attempt to take into account the relative 
% TBSA affected by growth.3 

Figure 2. Superficial Second-Degree (Partial-
Thickness) Burn Of Lower Abdomen

Note erythematous appearance with blistering. This wound blanched 
easily with pressure.

Image courtesy of Robert Preston, MD

Figure 3. Third-Degree (Full-Thickness) Burn

Areas of third-degree (full-thickness) burn are evident based on the 
white appearance and lack of sensation on physical examination. 
The surrounding erythematous areas are a combination of superficial 
second-degree (partial-thickness) burns (blanch with pressure) and 
deep second-degree (partial-thickness) burns (do not blanch with 
pressure).

Image courtesy of Robert Preston, MD

Figure 4. Third-Degree (Full-Thickness) And 
Second-Degree (Partial-Thickness) Burn 

The lower part of the burn (white area) is a third-degree (full-thick-
ness) burn. The upper parts are mostly deep second-degree (partial-
thickness) burns and did not blanch with pressure.

Image courtesy of Robert Preston, MD

Figure 5. Heterogeneous Mix Of Superficial 
And Deep Second-Degree (Partial- 
Thickness) And Third-Degree (Full-
Thickness) Burns 

White areas represent third-degree (full-thickness) burn.
Image courtesy of Robert Preston, MD

Deep second degree 
(partial thickness)

Third degree

Third degree

Third degree
Third degree

Deep second degree 
(partial thickness)

Third degree

Third degree

For color versions of these figures, please visit www.ebmedicine.net/EMCC1212figures
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secondary survey should be a conscientious attempt 
to uncover other injuries (such as inhalation injury, 
head trauma, bone fractures, or lacerations) and to 
appreciate subtle injury features that might suggest 
child or elder abuse. It must be emphasized that the 
presence of altered mental status should prompt a 
thorough search for the etiology, as the cutaneous 
burn would not be expected to be the root cause. The 
presence of circumferential burn injury to the neck, 
abdomen, chest, or limbs must be noted and closely 
monitored in the event that limb- or life-saving es-
charotomy becomes indicated. Any evidence of hy-
pothermia, drug overdose, or poisoning from carbon 
monoxide or cyanide should be actively sought. 

Laboratory Studies And Diagnostic Tests
While no evidence in the form of improved clinical 
endpoints supports specific laboratory or radiologic 
testing, we advocate a pragmatic approach aimed 
mainly at establishing baseline indices for compari-
son as clinical status evolves as well as screening for 
occult conditions. A complete blood count screens 
for anemia, and trends in hematocrit can be useful 
to elucidate hemoconcentration, which is a common 
phenomenon due to third spacing of fluid. A chemis-
try panel can establish baseline renal and electrolyte 
levels, which may become perturbed during the 
course of a large fluid resuscitation. Coagulation 
studies are not mandated but could prove prescient 
should the patient require emergent surgery, need 
escharotomy, or have signs of disseminated intravas-
cular coagulation. An arterial blood gas with direct 
measurement (ie, not calculated) of the carboxyhe-
moglobin level must be performed. Serum lactate is 
prognostic13,14 and may be a clue to cyanide poison-
ing, which can present as an otherwise unexplained 
lactic acidosis.
 A plain film chest x-ray can assess for aspiration, 
air trapping, pneumothorax, or other respiratory 
processes, though it is unhelpful in the early diag-
nosis of inhalation injury. Peak expiratory flow rate 
(PEFR), even in relatively benign-appearing cases, 
should be performed; negatively trending PEFR 
measurements in the setting of clinical decline in 
other respiratory parameters (such as oxygen satura-
tion) can portend impending respiratory failure. An 
electrocardiogram is recommended only in cases of 
known preexisting coronary artery disease, with evi-
dence of cardiac arrhythmia, or when high-voltage 
current was a component of the trauma. A noncon-
trast head computed tomography scan is indicated 
in comatose patients, as noxious inhalation should 
not be assumed.

Fluid Resuscitation
Over 80 years ago, Underhill recognized the key role 
of fluid resuscitation in the recovery and survival of 
burn-injury patients,15 and subsequent work linked 

plastics, textiles, or furniture. An accurate social 
history may be helpful for general management of 
the patient who is known to use tobacco, alcohol, or 
drugs, and it may even provide important prognos-
tic details. For example, victims injured in the pro-
duction of methamphetamine have deeper burns,11 
routinely requiring double or triple the amount of 
fluid predicted by resuscitation formulas,11,12 and 
are prone to developing nosocomial pneumonia, re-
spiratory failure, and sepsis,11,12 though this may be 
related to the fact that these patients have a signifi-
cantly higher incidence of inhalation injury.11,12 

Physical Examination
A recent review estimated that approximately 10% 
of burn-injured patients have associated traumatic 
injuries,5 illustrating that burn injury is an important 
subset of trauma. Thus, the initial approach should 
follow Advanced Trauma Life Support® (ATLS®) 
practices and focus on airway, breathing, circulation, 
and disability. The patient should be fully exposed, 
in order to avoid missing burns in hidden areas 
such as the perineum and axilla, and care should be 
exercised to remove any hot or burned clothing, dirt, 
or debris. A low threshold to consider cervical spine 
injury in the unconscious patient mandates the use 
of a cervical collar until such injury is excluded. The 

Figure 6. The Lund And Browder Diagram

Used with permission from the University of Utah Burn Center.
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alternative strategy. Alternatively, fluid creep may be 
the consequence of clinician errors in calculating, ad-
hering to, or adjusting Parkland Formula prescrip-
tions based on inaccurate volume assessments or 
biased approaches to adjusting fluid administration. 
 Urine output has been considered a key indicator 
of adequate shock therapy in the burn patient since 
the 1950s28 and persists today among burn special-
ists as the major index.29 However, taken in isolation 
as an index of systemic perfusion, urine output is a 
poor performer,30-32 as it has been demonstrated that 
a hypovolemic state can exist despite preserved urine 
output.32,33 No randomized trial has yet identified 
a single variable that, when taken in isolation, is ca-
pable of being an accurate and reproducible indicator 
of volume status, nor is there a consensus about pre-
cisely which combination of variables and tools should 
be used to best assess systemic perfusion.30,32,34-40 In 
addition to the error mentioned above, where a true 
hypovolemic state may be missed if the patient has 
preserved urine output, the converse is also true: 
fluid creep may be the consequence of physicians 
opting to increase fluid rates based solely on observed 
oliguria in situations where other available indicators 
suggest that the patient is euvolemic or even hyper-
volemic. Even if urine output is an accurate index of 
volume status in a particular patient, fluid creep may 
be the unintended consequence of a generation of 
physicians ever ready to increase fluids in the setting 
of oliguria but disinclined to match this vigilance 
with corresponding adjustments when urine output 
is more than adequate.23,41 Saffle et al pointed out 
that many burn intensive care unit physicians are 
cross-trained as general intensivists and may have a 
propensity to resuscitate patients with a liberal fluid 
strategy, as is recommended in the Surviving Sepsis 
Campaign (a high-profile initiative to optimize care 
in a patient population also considered to be marked 
by a great degree of inflammation).42 Whether the 
principles governing fluid resuscitation in the patient 
with fulminant sepsis are generalizable to the burn 
patient has not been clarified. 
 Alternatives to the Parkland Formula exist, in-
cluding the modified Brooke formula, which man-
dates half the volume of fluid for the initial prescrip-
tion (2 mL/kg/% TBSA) compared to the Parkland 
Formula. However, no study supports the use of one 
formula over another in terms of improving meaning-
ful endpoints or outcomes. Rather than perseverating 
about the virtues of one resuscitation formula relative 
to another, it is necessary to grasp the concept that 
any fluid prescription – regardless of which equation 
was used to derive it – should be considered merely 
an initial guide to resuscitation and not an infallible, 
rigid order to be completed regardless of subsequent 
clinical course. The physician must carefully titrate 
fluid administration to achieve adequate organ and 
tissue perfusion (based on consideration of the avail-

fluid requirements to patient weight and % TBSA 
burned.16 Like other illnesses characterized by a 
profound inflammatory response, it is preferable to 
anticipate and prevent shock rather than to wait to 
initiate treatment only after it is recognized. Shock 
develops rapidly if burns involve more than 15% 
to 20% of TBSA,6 underpinning the American Burn 
Association recommendation that a formal fluid 
resuscitation strategy should be implemented for 
nonsuperficial burns affecting > 20% TBSA.17 What 
is not known is precisely what the resuscitation 
strategy should comprise in terms of amount and 
type of fluid, since no study definitively answers this 
clinical quandary and a great degree of provider and 
regional practice variation exists.14 

 The most common formula used to calculate an 
initial fluid resuscitation prescription is the Parkland 
Formula, named for the Dallas hospital where Baxter 
and colleagues determined that adequate resusci-
tation was achieved in the majority of patients by 
using 3.7 to 4.3 mL/kg/% TBSA of crystalloid.18,19 
These seminal works serve as the basis for the cur-
rent formula that decrees the use of 4 mL/kg/% 
TBSA of crystalloid fluid during the first 24 hours 
following burn injury. Half the volume is infused in 
the first 8 hours postinjury (not from the time the pa-
tient sought medical treatment), with the remaining 
aliquot given over the subsequent 16 hours. Lactated 
Ringer’s solution was originally recommended, 
based on a belief that this crystalloid most closely 
approximates human body fluids. Since no evidence 
directly supports the choice of lactated Ringer’s over 
other crystalloid solutions, the authors recommend 
that an appropriate crystalloid be chosen based on 
prevailing electrolyte levels to avoid sodium pertur-
bations and hyperchloremic acidosis. 
 Though its simplicity renders the Parkland 
Formula attractive, it has been criticized because 
of observations that modern physicians are us-
ing more fluid compared to historical averages, a 
phenomenon coined “fluid creep.”20 Whereas, in 
Baxter’s original work, only 12% of patients required 
more fluid than the formula predicted, recent stud-
ies suggest that up to 84% of patients significantly 
exceed their Parkland Formula prediction,21-24 and a 
report comparing patients from the 1970s to an age-
matched and %-TBSA-burn-matched cohort 30 years 
later found that the modern group received roughly 
double the amount of fluid.25 However, “fluid creep” 
might reflect an appropriate shift in management 
as the understanding of burn injury has evolved. 
For instance, it may be that modern patients require 
more fluid owing to a vasodilatory effect secondary 
to increased usage of narcotics as clinicians have 
placed appropriate emphasis on pain control.26,27 If 
true, then modern cohorts of burn-injured patients 
may require further study in order to revise the 
Parkland Formula or to discard it altogether for an 
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Pain Management
Partial-thickness burns are particularly painful, ow-
ing to exposure of raw tissue with preservation of 
nociceptors in the deep dermis. No definitive agent 
or strategy has proven effective in all settings. The 
selected regimen should be structured, be tailored 
to the patient and the prevailing clinical setting, and 
involve both pharmacologic and nonpharmacologic 
therapies.53 The most commonly used pharmacologic 
agents are opioids, and their prevalent use does not 
appear to translate into higher incidence of opioid 
dependency.54 While no head-to-head trials have 
been performed to compare various narcotic agents, 
fentanyl (Sublimaze®, Actiq®, Duragesic®) and hydro-
morphone (Dilaudid®, Palladone®) may be prefer-
able to morphine. Burn injury prolongs morphine’s 
half-life,55 and its association with histamine release 
can contribute to hypotension (and thus beget more 
fluid) as well as pruritus, a particular problem with 
cutaneous injury and nascent skin grafts. Delivering 
pain medication via patient-controlled analgesia is a 
safe option in the alert patient and has the benefit of 
affording the patient a modicum of control over their 
management while also being more efficient from 
a nursing perspective.54 If the sedative, propofol, is 
used for a synergistic approach to pain control, dos-
ing may be higher than typically administered since 
burn patients clear it more rapidly.56 Benzodiazepines 
should be used when anxiety is demonstrably pres-
ent, as they may be synergistic with pain relievers, 
particularly in the setting of severe pain.57 High-
quality data are absent to guide optimum nonopioid 
therapy, but ketorolac (Toradol®, Acular®), dexme-
detomidine (Precedex®, Dexdor®), and ketamine 
(Ketalar®) are all potential adjuncts or short-term 
options for debridement and dressing changes. Dex-
medetomidine may be suitable if sedation, anxioly-
sis, and pain control are all required, as it provides 
multimodal relief and typically preserves respiratory 
drive better than other sedative pain-control combina-
tions.58 Local or regional pain blocks can be employed 
for dressing changes and limited debridement.

Blood Products
Burn-injured patients typically become hemoconcen-
trated in the initial hours after injury, often obviat-
ing the need for transfusion. When transfusion is 
considered for the anemic or actively bleeding burn-
trauma patient, it is safer to maintain a restrictive 
transfusion threshold similar to the practice recom-
mended for other critical-care populations.59 In 1 
study, administering even 1 unit of packed red blood 
cells to a burn-injured cohort increased the risk of 
infection,60 and patients managed with a restric-
tive transfusion strategy (mean hemoglobin of 7.1) 
have been found to have less organ dysfunction and 
lower mortality.61 The use of fresh frozen plasma is 
discouraged as a volume expander and should in-

able spectrum of monitored variables) while striving 
to avoid the complications of too much fluid, which 
include pulmonary edema, cardiac failure, abdominal 
compartment syndrome, and fasciotomies of not only 
burned limbs but also limbs not involved in the initial 
bun insult.13,14,35,43

 Unfortunately, even if resuscitation prescriptions 
are accurately calculated and appropriately ti-
trated, victims can have fluid-related complications. 
Patients with large burns are particularly at risk, as 
their initial fluid prescriptions commonly exceed 250 
to 300 mL/kg in a 24-hour period. This threshold is 
associated with the development of intra-abdominal 
hypertension,44,45 orbital compartment syndrome,46 
and increased risk of infectious complications, 
acute respiratory distress syndrome, and death.41 
It must be acknowledged, however, that a causal 
relationship has not been established, since those 
who received fluid volumes greater than the above-
mentioned threshold also had worse injury sever-
ity scores41 and would be predicted to have worse 
outcomes independent of fluid administration. 

Monitoring
Routine vital signs should be monitored, with the 
caveat that a normal pulse oximeter reading may not 
be reliable if carbon monoxide poisoning is present 
because the technology cannot differentiate between 
carboxyhemoglobin and oxyhemoglobin. Continu-
ous pulse oximetry is reliable once carbon monoxide 
levels return to normal. Diminished pulse pressure 
may indicate shock before a fall in systolic blood 
pressure occurs.13 Invasive blood pressure monitor-
ing with an arterial catheter is more accurate in the 
setting of tissue edema, as cuff measurements can 
underestimate blood pressure in this setting.47 Urine 
output with a goal of 30 to 50 cc/h48 is one index of 
volume status, and the American Burn Association 
practice guidelines recommend maintaining at least 
0.5 mL/kg/h,17 but sole reliance on this variable 
should be avoided, as previously discussed. Central 
venous pressure, though still frequently used, is 
unsupported by the literature to guide fluid man-
agement.49 Resuscitation in well-resourced intensive 
care units and certain tertiary care EDs may be aided 
by the ability to monitor cardiac output using sys-
tems that utilize arterial pulse wave contour50 or via 
Swan-Ganz catheter (which also permits trending of 
central venous oxygen saturation). Trends in serum 
lactate51 may prove useful to guiding resuscitation 
and may be more practical in the vast majority of 
EDs. Distal pulses should be monitored, and phy-
sicians should be cognizant that inadequate fluid 
resuscitation is the most common etiology of loss 
of distal pulses in fresh burns.52 When adjudicating 
volume status that might lead to altering fluid infu-
sion rates, physicians are urged to consider all avail-
able indices in their particular clinical environment 
rather than relying on any singular variable.
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Clinical Pathway For Management Of The Burned Patient

Initial ATLS® approach (Class I)

Patient stable?

Admit

Resuscitate via ATLS® algorithm until stable (Class I)

• Full history and physical examination
• Determine burn classification
• Calculate % TBSA burned
• Evaluate for concomitant injuries:

n Inhalation injury
n Carbon monoxide poisoning
n Cyanide poisoning
n Associated trauma (orthopedic, visceral, intracranial, 

spinal, or blast injury)

ED Management
1. Remove ruptured blisters and devitalized tissue (Class III)
2. Wash burn with mild soap and lukewarm water (Class II)
3. Apply topical ointment and dressing (Class II)
4. Treat pain (Class I)
5. Update tetanus booster, if necessary (Class II)

Criteria met for transfer to burn center?
1. Extremes of age
2. Multiple comorbidites
3. > 10% TBSA burned
4. > deep partial-thickness
5. Burn is circumferential or affects face, genitalia, or perineum
6. Electrical or chemical burn
7. Significant concomitant trauma
8. Inhalation injury

Transfer (Class I)

Primary care provider follow-
up (Class Indeterminate)

• Concern for inhalation 
injury?

• Inability to control pain?
• Oral intake intolerable?

YES

YES

YES

NO

NO

NO

Abbreviations: ATLS®, Advanced Trauma Life Support®; ED, emer-
gency department; TBSA, total-body surface area.

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this pathway does not represent a breach of the standard of care. 

Copyright ©2012 EB Medicine. 1-800-249-5770. No part of this publication may be reproduced in any format without written consent of EB Medicine.

Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and 

effectiveness

Level of Evidence:
• One or more large prospective 

studies are present (with rare 
exceptions)

• High-quality meta-analyses
• Study results consistently posi-

tive and compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of 

evidence
• Non-randomized or retrospec-

tive studies: historic, cohort, or 
case control studies

• Less robust randomized con-
trolled trials

• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alterna-

tive treatments

Level of Evidence:
• Generally lower or intermediate 

levels of evidence
• Case series, animal studies,  

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until 

further research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradic-

tory
• Results not compelling

Significantly modified from: The 
Emergency Cardiovascular Care 
Committees of the American 
Heart Association and represen-

tatives from the resuscitation 
councils of ILCOR: How to De-
velop Evidence-Based Guidelines 
for Emergency Cardiac Care: 
Quality of Evidence and Classes 
of Recommendations; also: 
Anonymous. Guidelines for car-
diopulmonary resuscitation and 
emergency cardiac care. Emer-
gency Cardiac Care Committee 
and Subcommittees, American 
Heart Association. Part IX. Ensur-
ing effectiveness of community-
wide emergency cardiac care. 
JAMA. 1992;268(16):2289-2295.

 Class Of Evidence Definitions

Each action in the clinical pathways section of EM Critical Care receives a score based on the following definitions. 
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and quantification of the affected area.
 The wound should be washed with mild soap 
and lukewarm water. Cooling the burn and sur-
rounding tissue with gauze soaked in cold saline 
in hopes of easing pain and staunching the spread 
of burn injury through tissue planes is practiced by 
many physicians, but there is a dearth of evidence to 
support this strategy. In addition, if the saline is too 
cold, hypothermia could result, especially if the burn 
affects a large surface area and a prolonged transport 
is required. Ice should be avoided entirely.5 First-
degree (superficial) burns and superficial second-
degree (partial-thickness) burns with intact epithe-
lium require no topical agent.66 For all other burns, 
the application of topical antimicrobial preparations 
(Table 2) reduces microbial load within the wound 
and speeds re-epithelialization by maintaining a 
moist environment.67-70 There is a paucity of quality 
data comparing topical agents head-to-head,63 so 
choices are based on empiric knowledge of microbial 
susceptibility and formulary availability.
 Silver nitrate 0.5% is associated with electrolyte 
disturbances and poor wound penetration, so it is 
rarely used except for cases when the patient’s risk 
factors suggest a possible benefit from the inherent 
antifungal properties that this preparation affords.4 
Silver sulfadiazine effectively controls colonization, 
is cheap, and is simple to apply as a thick white 
cream once or twice per day. It should be avoided 
in patients with sulfa allergies, in women in the last 
term of pregnancy (because it can cause kernicterus), 
and in women who are nursing71 or have children 

stead be reserved for the truly coagulopathic and/or 
actively bleeding patient due to the risk of infection 
as well as the economic and supply dynamics inher-
ent to its use.13,17,62

Wound Care
For the burn-injured patient, wound care refers to 
the initial cleaning and debridement of the wound, 
the possible application of topical agents, and choos-
ing an appropriate dressing. The principle aims 
are to protect the wound from further trauma and 
contamination, ameliorate pain, provide a moist 
environment to facilitate wound healing, and temper 
bacterial colonization in an effort to avoid invasive 
infection. No evidence endorses a single all-encom-
passing strategy, and considerable variation exists 
among physicians and between specialty centers.63

 After providing adequate pain control, any de-
vitalized tissue (including ruptured blisters) should 
be gently removed by peeling, cutting, curettage, or 
gentle brushing/scraping with moistened gauze. 
The removal of intact blisters remains contentious, 
with no supporting data to guide physicians.64 
Those who favor leaving blisters intact believe that 
this preserves a mechanical barrier to infection and 
that the contained fluid hastens wound healing; oth-
ers believe that the fluid exerts the opposite effect. 
No data exist to support either claim. The authors 
recommend removing all but the most trivial blis-
ters, provided that other aspects of wound care are 
adhered to, so as to provide a clean and moist envi-
ronment and to permit the most accurate assessment 

Table 2. Topical Ointments And Burn Dressings
Type Advantages Disadvantages

Topical Ointments 

Topical antimicrobials • Reduce microbial load
• Speed re-epithelialization

Silver nitrate 0.5% • Has antifungal properties • Causes electrolyte disturbances
• Has poor wound penetration

Silver sulfadiazine • Controls colonization • Must be avoided in pregnant, nursing, or infant 
patients

• Can cause hemolysis and leukopenia (rarely)

Mafenide acetate • Has excellent wound penetration
• Has pseudomonal activity

Honey • Results in faster wound healing (in limited studies)

Dressings

Nonadherent fine mesh gauze • Can remove scab and soiled gauze en bloc
• Is inexpensive

• Increases pain due to more-frequent (daily) dressing 
changes

Hydrocolloid dressings • Reduce healing time
• Improve patient satisfaction due to less frequent 

dressing change

• Cost

Silver-impregnated dressings • Has additional antimicrobial coverage
• Requires less-frequent dressing changes

• Cost
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eral, the authors do not recommend this, even in the 
setting of confirmed carbon monoxide poisoning, ow-
ing to the inherent difficulty of managing a massive 
fluid resuscitation and possibly an unstable airway 
in the confines of a hyperbaric chamber. With regard 
to the latter, should it be determined after careful 
deliberation that hyperbaric therapy is in the interest 
of the acutely burned patient, it should be considered 
almost mandatory that the patient be intubated prior 
to entering the chamber.
 Cyanide poisoning shunts cellular metabolism 
to anaerobic pathways as mitochondria shut down. 
Determination of cyanide blood levels is possible, 
but an unexplained lactic acidosis in a patient with 
a history of exposure to incendiaries that might 
liberate cyanide should prompt empiric treatment. 
Cyanide poisoning should also be considered when 
patients present in cardiac arrest or experience a 
precipitous decline in cardiac function. Treatment 
for cyanide poisoning in the setting of burn injury 
diverges from what many consider the standard 
first-line therapy for cyanide poisoning, namely in-
haled amyl nitrite followed by intravenous sodium 
nitrite. This combination is efficacious because it 
promotes the formation of methemoglobin, which 
binds the cyanide ion to form cyanomethemoglobin, 
leaving cytochrome oxidase unmolested by cyanide 
and able to continue unabated in its role in aerobic 
metabolism. In the setting of burn injury, however, 
coincident carbon monoxide may be present, creat-
ing a “double whammy” effect on oxygen-carrying 
capacity, with potentially dire consequences. In-
stead, treatment with the sulfur donor sodium 
thiosulfate (which combines with cyanide to form 
the much-less-toxic thiocyanate) and/or hydroxoco-
balamin (which combines with cyanide to form cya-
nocobalamin, which is readily excreted in urine) is 
preferred. Nonetheless, some commercially available 
cyanide antidote kits may leave the physician little 
option, and the contraindication of amyl nitrite/so-
dium nitrite is only relative.81,82 If critical iatrogenic 
methemoglobinemia develops, the application of 
hyperbaric oxygen therapy may be contemplated, 
though the concerns raised previously remain valid.

Tetanus Prophylaxis
Based upon case reports of nonimmunized or 
incompletely immunized patients, tetanus im-
munization (tetanus toxoid, reduced diphtheria 
toxoid, and acellular pertussis [Tdap]) should be 
administered for burn injuries more severe than 
first-degree (superficial) burns if more than 5 years 
have elapsed since the last booster.83 Although this 
review does not specifically address the pediatric 
population, burn patients who have not received 
the complete primary immunization series of 3 
doses of tetanus toxoid should have human tetanus 
immune globulin administered.84 

< 2 months of age. It should also be avoided in areas 
near the eyes and mouth due to ocular irritation 
and keratitis,72 and it has been linked to hemolysis 
and leukopenia.73 Mafenide acetate has superior 
eschar penetration relative to silver sulfadiazine, 
so it is a fitting choice if eschar excision is likely 
to be delayed; additionally, it has activity against 
Pseudomonas, rendering it well suited for wounds 
believed to have a high bacteria burden.74 Nonsilver 
products (including triple antibiotic ointments with 
broad gram-negative and gram-positive activity 
such as polymyxin B, neomycin, or mupirocin) can 
also be used.69 According to 9 randomized or quasi-
randomized controlled trials conducted by a single 
author (recently summarized in a review75), a mod-
estly faster wound-healing time may be achieved by 
applying honey.
 Burn dressings protect the wound and absorb 
exudate. Nonadherent fine mesh gauze dressings are 
typically changed once per day to avoid traumatiz-
ing tissue unless obvious contamination, excessive 
exudate, or infection is apparent. Combining dressings 
with one of the topical agents above is preferable, as 
the moist environment can lessen pain when changing 
dressings and promotes wound healing. If no topical 
agent is available, fine mesh gauze alone can be used 
to dress the wound. Fine mesh gauze promotes the 
formation of scabs; when dressing changes are per-
formed, the scab and gauze can be removed en bloc for 
wound inspection, antisepsis, and redressing. As an 
alternative to gauze, hydrocolloid dressings work by 
forming a gel barrier when the polymer matrix comes 
in contact with burn exudate. These dressings permit 
less-frequent dressing changes (every 5 days), reduce 
healing time, and result in higher patient satisfaction 
scores relative to fine mesh gauze/silver sulfadiazine 
combination dressings.63 Silver-impregnated dress-
ings (eg, Mepilex®, Aquacel®, Acticoat®) release silver 
into the wound to provide antimicrobial coverage and 
may provide an anti-inflammatory effect76 and result 
in less-frequent dressing changes,77 but a meta-analysis 
failed to confirm any positive effect on wound healing 
or infection rates.78

Consideration For Carbon Monoxide And 
Cyanide Poisoning
Altered mental status may be due to shock, head 
injury, drug ingestion, or alcohol intoxication, but it 
may also be caused by poisoning from carbon mon-
oxide or cyanide. The use of 100% oxygen decreases 
the half-life of carbon monoxide from an average of 
280 minutes to as little as 40 minutes,79 and oxygen 
should be applied empirically in suspected cases 
until the carboxyhemoglobin level is confirmed to be 
normal. Instituting treatment with hyperbaric oxygen 
in confirmed cases is an option, but evidence-based 
data to guide initiation triggers, to guide duration of 
therapy, and to confirm efficacy are lacking.80 In gen-
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hour.42 If, after 2 hours, these adjustments have 
failed to get the resuscitation on track, colloid in the 
form of albumin may be helpful. Whereas empiric 
colloid resuscitation fails to confer benefit13,93-96 and 
may cause harm (based on a meta-analysis that re-
ported a 2.4-fold risk of death among those receiving 
colloid vs crystalloid),62 limited evidence supports 
the use of colloid as a “rescue therapy” in the subset 
of patients that appears to be requiring more fluid 
than predicted by the Parkland Formula. In these 
patients, the addition of a colloid infusion allowed a 
return to predicted rates.14,97 Another option, hyper-
tonic saline, diminishes the volume of fluid required, 
and a small study found a positive impact on rates 
of abdominal compartment syndrome.44 Nonethe-
less, in the absence of a robust, well-designed trial, 
the authors do not recommend using hypertonic sa-
line, based on associations with acute kidney injury 
and increased mortality.98

Escharotomy
Raised compartment pressures can occur in limbs with 
circumferential burns as peripheral edema accumu-
lates due to the profound local inflammatory reaction, 
but the combination of massive fluid resuscitation 
and conversion of the local inflammatory reaction to 
a systemic response can result in elevated compart-
ment pressures even in unburned limbs. No study has 
established a precise value that should prompt escha-
rotomy, but expert guidelines suggest that the proce-
dure should be considered if compartment pressures 
exceed 25 mm Hg.99 This is in agreement with man-
agement strategies for compartment syndrome due 
to other causes, but given the lack of evidence-based 
guidelines, the authors advise the physician to con-
sider other factors, such as the presence of hard signs 
of neurovascular compromise, if ongoing resuscita-
tion needs are expected to remain robust or as the gap 
between compartment pressure and diastolic pressure 
narrows to < 30 mm Hg. It is worth noting the distinc-
tion between escharotomy and fasciotomy, since the 
former may be sufficient for limb salvage in a burned 
extremity but the latter may eventually be required 
in burned and nonburned limbs alike. In addition to 
critical limb constriction, mechanical constriction of the 
neck, chest, or abdomen may interfere with adequate 
respiratory excursion, necessitating escharotomy of the 
affected body area. 

 Controversies And Cutting Edge Therapy 

Systemic Prophylactic Antibiotics
Primary injury from burn insult compromises 
mechanical immunity and provides ready access to 
lymph or blood for bacteria that can proliferate in 
the milieu inherent to the injured, necrotic tissue. As 
such, burn-injured patients should be considered 
to be in an immunocompromised state,100-102 lead-

 Deterioration In The Emergency Department 

Airway Management
Patients with moderate or severe burns may re-
quire definitive airway management, particularly if 
inhalation injury (a leading cause of death in burned 
adults85,86) is present. However, even when inhala-
tion injury is absent, massive fluid resuscitation 
can lead to airway edema, mandating measures to 
secure the airway. Unfortunately, no clinical factors 
reliably predict which patients will proceed to near 
or complete obstruction.87 Since patients with even 
mild burns with inhalation injury should be admit-
ted for observation due to the hazards of progres-
sive swelling, equivocal inhalation injury should 
be excluded by direct laryngoscopy or fiberoptic 
bronchoscopy in the ED. 
 If intubation is required, rapid sequence induc-
tion is indicated. Theoretical concerns about precipi-
tating severe hyperkalemia with succinylcholine are 
unwarranted in acute burns, as this phenomenon 
requires 5 to 15 days for the proliferation of acetylcho-
line receptors to occur.88 Similarly, the well-described 
resistance to nondepolarizing agents takes a similar 
interval to arise.89 Once intubated, a lung-protective 
ventilation strategy should be utilized, since the use 
of low tidal volumes reduces acute lung injury and 
improves outcome.43 The use of bronchodilators may 
have utility if bronchospasm is present, but corticoste-
roids should otherwise be avoided due to an associa-
tion with increased infection rates.87 

Fluid Resuscitation Failure: Additional And 
Alternative Fluids
Certain factors predict a need for higher resuscitation 
volumes than predicted by the Parkland Formula. 
Inhalation injury is one such factor,18,90-92 though this 
has also been refuted.41 The occurrence of deeper 
burns and delays in resuscitation from the time of 
injury18,90,91 as well as burns sustained from an elec-
trical source92 render the victim fluid avid. Patients 
who require mechanical ventilation independent 
of inhalation injury23,41,91 and patients with injury 
sustained with evidence of alcohol or drug intoxica-
tion91 can have raised fluid requirements. Age41 and 
the need for escharotomy or fasciotomy92 also predict 
increased fluid needs. With or without the presence 
of these factors, when the physician considering all of 
the imperfect variables used to assess volume status 
judges that the patient is being underresuscitated 
despite administering a carefully calculated resuscita-
tion prescription, several options are available. 
 The first option is to increase the crystalloid in-
fusion by 10% to 20% (or 100-200 mL/h, whichever 
is greater) for 1 hour and reassess. If the clinical pa-
rameters that indicated that the patient was failing 
resuscitation do not improve, the infusion may again 
be increased by the same proportion for a second 
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The largest study, to date, was recently completed in 
which 21 patients requiring total resuscitation vol-
umes exceeding 120% of Parkland Formula predic-
tions underwent plasmapheresis and were retrospec-
tively compared to 19 matched controls. The treat-
ment group had better mean arterial pressure and 
greater urine output with concomitant reductions 
in fluid requirements and serum lactate.112 A strong 
recommendation for plasmapheresis cannot be given 
until prospective randomized trials confirm efficacy, 
but it should be regarded as a treatment option for 
those with elevated admission lactates who appear 
to be failing resuscitation despite using more than 
120% of an appropriately derived Parkland Formula 
fluid prescription.

Beta Blockers
Beta blockade improves glucose control and helps 
patients resist sepsis.113 Preinjury beta-blocker use is 
associated with faster healing and improved mortal-
ity,114 and 1 randomized controlled trial in which 
patients received propranolol confirmed a benefit on 
healing time, resulting in shorter hospital stays.115 
On this basis, propranolol is recommended, though 
current practice is to begin therapy after the initial 
resuscitation is complete. Future studies will be 
required to clarify the utility of other beta blockers. 

Oxandrolone 
Anabolic agents have mechanistic appeal; in the pedi-
atric population, they have been shown to restore lean 
body mass, improve nutritional status and wound 
healing, and result in shorter hospital stays.116 Several 
small single-center adult trials failed to uncover much 
of an effect, but a large multicenter trial was stopped 
early when length of hospital stay plummeted 28% 
among those with large burns (20%-60% TBSA) who 
received oxandrolone 10 mg twice daily from the 
point at which enteral nutrition was tolerated until 
discharge.117 A subsequent multicenter observational 
study demonstrated reductions in mortality.118 At the 
authors’ institution, intensivists managing patients 
with large burns consider oxandrolone as soon as the 
patient is tolerating enteral nutrition. 

 Disposition 

Approximately 60% to 70% of burns seen in EDs 
affect < 10% TBSA119 and are suitable for outpatient 
management after minor debridement and topical 
wound management, provided the patient can toler-
ate oral intake and outpatient follow-up is assured. 
Patients with moderate burns may be admitted to a 
nonspecialty center hospital bed for hydration, pain 
control, and observation. 
 For other patients, the optimum inpatient care is 
delivered in a burn specialty center.7 Transfer guide-
lines broadly encompass patients at the extremes of 

ing some to suggest a role for systemic prophylaxis. 
The current standard of care is to defer their use,67,103 
though no high-quality evidence has been offered 
to settle the issue definitively. Both the Infectious 
Diseases Society of America and the Surgical Infec-
tion Society endorse the strategy of deferral, but they 
acknowledge the low-quality evidence supporting 
this stance.104 A 2010 systematic review and meta-
analysis of 17 randomized controlled trials involving 
1113 patients concluded that a 4- to 14-day course of 
systemic prophylactic antibiotics reduced all-cause 
mortality by nearly one-half but was accompanied by 
increased microbial resistance; however, the authors 
had concerns about the poor quality of the individual 
trials in the analysis.105 Collectively, these studies 
underscore the need for a robust randomized con-
trolled trial to settle this issue. Until this occurs, it is 
not recommended that systemic prophylactic antibi-
otics be employed unless concomitant indications or 
patient-specific factors favoring their use exist. 

Vitamin Therapy
Burn injury can prompt the release of free radical ox-
ygen species that promote fluid shifts into the inter-
stitium. Ascorbic acid (vitamin C) is an antioxidant 
thought to ameliorate the inflammatory response 
by scavenging free radicals, and patients receiving 
high-dose ascorbic acid (66 mg/kg/h for 24 h) with-
in the first 48 hours of burn injury have been shown 
to have lower fluid requirements and fewer ventila-
tor days.106,107 A large randomized controlled trial 
is still required for this to become standard of care, 
but it is currently a treatment option with seemingly 
little downside and is now being used sporadically 
in the United States, including at the authors’ own 
institution. Animal studies of supplementation with 
vitamin A108 or pentoxifylline109 and replenishment 
of trace elements such as zinc are other promising 
therapies aimed at attenuating the immune response 
that await investigation in humans. 

Plasmapheresis
Circulating inflammatory mediators play a key role 
in developing and sustaining burn shock, leading to 
the possibility that plasmapheresis could be a thera-
peutic candidate by removing inflammatory agents 
from the circulation. A small retrospective review 
of patients with large burns requiring significantly 
more fluid than predicted by the Parkland Formula 
found that plasmapheresis resulted in improved 
hemodynamic status and urine output, with overall 
reductions in fluid requirement and serum lactate.110 
However, a subsequent trial by the same group in 
which 22 adults were randomized to a treatment 
group receiving plasmapheresis found no difference 
in the amount of fluid required for resuscitation 
(nor was the course of burn shock attenuated) but 
did find that resuscitation was completed earlier.111 
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ing for the duration of the resuscitation allows the 
emergency physician to make global assessments 
of volume status and adjust the fluid prescription 
accordingly so as to balance end-organ perfusion 
against the complications of overresuscitation. Local 
wound care involves cleansing and limited debride-
ment with the application of topical antibiotics and 
a clean, dry dressing. When stabilized patients meet 
transfer criteria, they should be expeditiously re-
ferred to a specialty burn center, where early eschar 
excision and skin grafting is increasingly utilized.

 Case Conclusions 

Prior to the first patient’s arrival, he was designated as a 
Level I trauma. ATLS® procedures were followed in the 
trauma bay, and recognizing that the patient was unstable 
from a hemodynamic and respiratory perspective, rapid 
sequence induction and intubation were performed. Then, 
100% oxygen was empirically administered for carbon 
monoxide poisoning, and a cervical spine collar was ap-
plied. Using the Lund and Browder diagram to determine 
the % TBSA of second- and third-degree burns, an initial 
fluid resuscitation prescription was begun based on the 
Parkland Formula. The patient’s left lower extremity, neu-
rovascularly intact, was splinted. Notable initial lab values 
included a carboxyhemoglobin of 21%. Initial imaging 
confirmed a left femur fracture, but computed tomography 
imaging revealed no intracranial or associated traumatic 
injury to the spine, chest, or abdomen. The patient was 
admitted to the burn unit for further resuscitation with 
trauma and orthopedic consult for probable interval repair 
of the femur fracture.
 After a primary and secondary survey were per-
formed to exclude nonburn injury, the second patient 
was given hydromorphone for pain and started on a 2-L 
bolus of normal saline while the % TBSA of the burn was 
determined and a fluid prescription was calculated with 
the Parkland Formula. As it was now 90 minutes since 
the initial burn, the maintenance rate was recalibrated 
to account for normal patient management fluid require-
ments and half of the calculated prescription volume – 
minus the initial 2 L that was administered as an empiric 
bolus – to be infused over the next 6.5 hours. An arterial 
blood gas returned a normal value for carboxyhemoglobin. 
Her wounds were cleaned, and blisters were debrided. 
Topical antibiotics and fine mesh gauze were applied to 
the wounds. After 2 hourly intervals of relative hypoten-
sion, tachycardia, and oliguria despite having increased 
fluid administration by 10% each hour, the patient began 
to desaturate and develop crackles bilaterally. She was 
intubated with rapid sequence induction. Her fluids were 
again increased 10% per hour; over the next 2 hours, 
with her respiratory status supported by the ventilator, 
her hemodynamics improved. Phone consultation with a 
burn surgeon was done, and arrangements for transfer to 
a regional burn center were made.

age, those with significant comorbidities, or those 
with burns that are particularly large or affecting 
delicate anatomical areas.120,121 (See Table 3.) Deep 
second-degree (partial-thickness) burns and third-
degree (full-thickness) burns tend to scar badly 
compared to shallower burns; thus, they usually 
undergo surgical excision of necrotic and nonviable 
tissue followed by skin grafting or the application 
of cultured skin substitutes at the specialty center. 
Burn surgeons increasingly choose to operate early, 
based on data indicating attenuated inflammatory 
response and lower rates of sepsis.122,123 A compre-
hensive review on the timing of operative interven-
tion is beyond the scope of this review, and the burn 
community has not yet reached consensus on this 
aspect of burn care. However, 1 report of a small 
cohort of patients under the age of 30 suggested that 
operation within the first 72 hours improved mortal-
ity and shortened length of stay,124 so timely transfer 
of appropriate individuals is prudent. 

 Summary 

The collective efforts of emergency physicians, 
intensivists, and burn surgeons have significantly 
decreased morbidity and mortality in burn-injured 
patients over recent decades. After applying ATLS® 
principles to the acutely burned patient, emergency 
physicians should rapidly and accurately assess the 
extent of the burn with an appropriate tool, such as 
the Lund and Browder diagram. This permits the 
emergency physician to derive and initiate an initial 
fluid prescription in anticipation of the develop-
ment of burn shock. Continued real-time monitor-

Table 3. Adult Patient Criteria For Burn 
Center Referral120,121

• Second-degree (partial-thickness) burns or third-degree (full-thick-
ness) burns totaling > 20% TBSA (if patient between ages of 10 
and 50) or > 10% (if patient outside this age range)

• Third-degree (full-thickness) burns > 5% TBSA (any age)
• Second-degree (partial-thickness) burns or third-degree (full-thick-

ness) burns that involve face, hands, feet, genitalia, perineum, or 
skin overlying major joints

• Electrical burns, including lightning injury
• Chemical burns
• Inhalation injury
• Burn injury in patients with sufficient preexisting medical disorders 

that could complicate management, prolong recovery, or affect 
mortality 

• Presence of concomitant trauma in which burn injury is the greatest 
threat. If the trauma is judged to be more serious, the patient may 
be initially stabilized in a trauma center prior to transfer to a burn 
specialty center

• Burn injury in patients who will require special social, emotional, or 
rehabilitative intervention

Abbreviation: TBSA, total-body surface area.
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 Must-Do Markers Of Quality Care 

• Apply appropriate ATLS® algorithms with due 
consideration of associated injuries exclusive of 
burn.

• Assign burn classification based on depth of 
injury.

• Use a precise quantification of % TBSA affected.
• Perform an arterial blood gas analysis with 

direct measurement of lactate and carboxyhemo-
globin.

• Promptly initiate an accurately determined fluid 
resuscitation prescription.

• Use real-time assessment of global volume 
status to inform proper adjustments to fluid 
prescription as indicated.

• Cleanse and debride the wound and apply an 
appropriate topical antibiotic and dressing.

• Refer patients to a specialty burn center in a 
timely manner, based on application of transfer 
criteria.
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1.  “Burn shock,” as described in this article, is:
 a.  Airway compromise secondary to airway  

 edema
 b.  A consequence of capillary integrity   

 compromise that causes fluid extravasation  
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 c.  Cardiac dysrhythmias secondary to burns
 d.  Respiratory collapse secondary to smoke  

 inhalation
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mate burn size because:
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 c.  The Lund and Browder diagram takes body  
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 c.  Complete blood count
 d.  Chemistry panel
 e.  Methemoglobin level
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