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Case

Epidemiology

A 55-year-old man with no prior medical history was transported to the ER via ambulance after an industrial gas explosion
at work. He complains of face and chest pain but denies any
dyspnea. On admission vital signs are unremarkable except
sinus tachycardia to a heart rate of 125. Trauma workup is
negative. He sustained 32% total body surface area (TBSA)
second and third-degree flame burns to his face, neck, anterior
chest and bilateral digits.
He is prophylactic intubated in the ER. After evaluation by burn
surgeons, he is determined to be a candidate for surgery and you
are consulted to help with his medical management.

Burns injuries are common. In the United States in 2016, there
were over 40,000 hospitalizations related to burn injury and
approximately 60% of these were admitted to one of the 128
burn centers.2 Therefore, approximately 40% of burns are
managed in hospitals without burn centers with a good chance
that physicians without burn experience will manage them.
Burn patients managed in burn centers have greater than 95%
survival. Demographics of patients hospitalized with burns
include: 68% male, 59% Caucasian, 20% African-American
and 14% Hispanic. Flame burns are most common, representing
43%, 34% scald injuries, 9% contact or thermal burns, 4%
electrical, and 3% are chemical burns.3

How do you proceed?

Burn Injury Pathophysiology

Introduction

Burn injuries produce an initial hypermetabolic phase followed
by a catabolic response which may trigger several maladaptive
responses. The hypermetabolic dysregulation following an
acute burn is broken down into an early ebb or hypodynamic
phase lasting 24 to 72 hours and a later flow phase.4 The ebb is
characterized by decreased cardiac output, reduced metabolic
rate and hyperglycemia due to increased gluconeogenesis and
increased peripheral insulin resistance. Initially a sustained
release of catecholamines and increased vascular permeability
causes fluid shifts from the intravascular space into the interstitium. This leads to intravascular volume depletion necessitating volume resuscitation.

The care of the adult inpatient with partial or full thickness
burns presents several unique challenges. When possible, these
patients should be rapidly stabilized then transferred to an
American Burn Association (ABA) certified Burn Center where
they receive comprehensive care by a multidisciplinary team.
Burn patients present with a number of complex medical issues
including fluid shifts, increased susceptibility to infections,
airway edema, ventilation, heat loss, electrolyte balance, and
circulatory instability.
The ABA has established criteria for referring patients to a burn
center1:
•
•
•
•
•
•
•
•
•

Partial thickness burns of greater than 10% total body
surface area.
Burns that involve the face, hands, feet, genitalia,
perineum, or major joints.
Third-degree burns in any age group.
Electrical burns, including lightning injury.
Chemical burns.
Inhalation injury.
Burn injury in patients with comorbid illnesses that could
complicate recovery.
Any patients with burns and concomitant trauma (such as
fractures) in which the burn injury poses the greatest risk
of morbidity or mortality.
Burn injury in patients who will require special social,
emotional or rehabilitative intervention.

The flow phase in contrast may last for several weeks to months
after the burn, and in some cases years. It is hyperdynamic with
increased metabolic rate.5 There is accelerated protein catabolism and breakdown of skeletal muscle that can cause severe
protein wasting.6
Clinical Signs and Symptoms
Following the burn injury, there is initially increased blood
pressure and heart rate, peripheral insulin resistance, as well as
increased protein and lipid catabolism. This leads to increased
resting energy expenditure, elevated body temperature, total
body protein loss, muscle wasting, and stimulated synthesis of
acute-phase proteins. Hypotension due to the intravascular
volume depletion may cause lactic acidosis, acute renal failure
and other types of end organ dysfunction. Hemoconcentration
and tachycardia is often seen. Due to vascular leak, pulmonary
edema can quickly develop causing hypoxia.

Initial Management
The initial management of the burn patient involves the usual
steps of trauma resuscitation and assessment. The first step is to
use the ABCDE survey: sequential assessments of the Airway,
Breathing, Circulation, Disability (neurologic status), and
Environment. The secondary survey of burn injuries involves
completely exposing the patient to identify and score the depth
and total Body Surface Area (tBSA) of the burns. This can be
estimated using a “Lund and Browder chart.7 The secondary
survey should be done quickly, usually with nursing staff and
surgeons. It may be staged to prevent loss of body heat and risk
of hypothermia.
Fluid Resuscitation
Fluid resuscitation is based on the Parkland formula and with
resuscitation goals within the first 24 hours.8 Lactated ringers is
the mainstay of fluid resuscitation since normal saline is associated with hyperchloremic metabolic acidosis. Overhydration
can be dangerous and “fluid creep” represents one of the challenges in managing burn patients who have been overexuberantly resuscitated. Over-resuscitation can lead to downstream issues including pulmonary edema, pleural effusions,
tissue edema causing poor wound healing, CHF exacerbations,
renal failure and bowel edema.
Dressing Changes and Wound Care
Appropriate wound care during the initial evaluation and
between surgical debridement is essential for healing. There are
a wide variety of dressings, ointments, and coverings available
and usage may vary from center to center. Dressings should be
capable of absorbing high amounts of exudate from the burn
injury, maintain adequate humidity for granulation, assist in
epithelialization, provide a barrier against bacterial infection,
and accommodate movement. The location and depth of the
wound, phase of healing, and bacterial burden all influence
dressing choice and frequency of change. The dressings are
often combined with ointments, solutions, and rinses that can
assist in debridement, granulation/healing, and infection control.9 Silver is commonly included in both the dressings and the
ointments as an antimicrobial.10
Inhalation Injury
The oropharynx is capable of absorbing high amounts of heat
energy and under typical circumstances thermal energy is
typically dissipated before it reaches the lung or lower airway.
However, significant heat exposure can cause rapid edema to
the posterior oropharynx, tongue, vocal cords and subglottic
space. Therefore, the treating physician should maintain a high
degree of suspicion for such injury in patients with burns
involving the face, nose, or mouth and in patients with
prolonged smoke exposure in confined spaces.
We recommend that patients be evaluated by flexible fiberoptic
laryngoscopy if they do not have alternate indications for

intubation such as respiratory failure, large full thickness burns,
inability to protect their airway, or signs of obstruction. Patients
with a normal glottis and no evidence inhalation injury may be
managed safely with frequent re-evaluations without intubation.11
Few reliable clinical indicators predict the presence of lower
airway inhalational injury, so fiberoptic bronchoscopy is
recommended for burn patients requiring intubation.12 The
presence of inhalational injury is an independent predictor of
mortality in burn patients. This injury ranges from mild edema
and minimal soot deposition to frank burns with ulcerations and
epithelial sloughing resulting in airway casts.13 Just as skin burn
injury can evolve with time, inhalational injury can progress.
Serial imaging and bronchoscopies may be required.
Initial evaluation should also include an arterial blood gas
(ABG) with co-oximetry for detection of carboxyhemoglobin
(COHb). Since carbon monoxide has 200 times the affinity for
hemoglobin as oxygen, organs with the highest oxygen dependency are at greatest risk with carbon monoxide poisoning, the
brain and cardiovascular system. HbCO levels higher than 3%
in a non-smoker and 10% in a smoker indicate carbon
monoxide exposure. If carbon monoxide poisoning is suspected, immediate application of 100% oxygen decreases the
elimination half-life from 310 min at room air to 74 min.12,14
Hyperbaric oxygen can also be used, if available. Patients
exposed to burning textiles, paints, or plastics are also at risk
for cyanide poisoning which can result in severe lactic acidosis
and a narrowing of the arterial-venous oxygen gradient. A
direct cyanide binder, such as hydroxocobalamin, should be
used to treat cyanide poisoning in the setting of concomitant
carbon monoxide poisoning.
Burn Surgeries
The standard of care for full thickness burn injury is an
autograft or a split-thickness skin graft from an intact donor site
on the same patient. Donor skin can be meshed and expanded
to cover larger areas. Early excision and grafting of wounds
may be associated with prevention of late stage contraction,
decreased blood loss, infection, reduced length of hospitalization and increased graft acceptance.15 After autografting, both
the donor and the graft site require dedicated wound care.
Donor site bleeding and pain can add morbidity to the autografting process. Electrical burns have unique pathology with
soft tissue injury that may be deeper than initial appearance.

can be used as an intermediary cover until the wound bed is
capable of accepting an autograft. Donor species for xenografts
have included frogs, lizards, rabbits, dogs and pigs.
Biosynthetic skin can also be used as temporary covers prior to
autograft or as partial coverage in large burn areas. Limited evidence suggests biosynthetic skin substitutes have comparable
efficacy as allografts.9

Figure 3: Post graft surgery results (Same patient from Figures
1 & 2)
Infection
Figure 1: Full thickness circumferential burns to right arm
One of the skin’s most important roles is as a barrier against
infection. Routine surveillance cultures are important in burn
wound care and have been shown to decrease nosocomial
infection. The wounds are typically first colonized with grampositive organisms, later with susceptible gram-negative
bacteria. Delayed wound closure increases risk for colonization
with yeast, fungi and resistant bacteria.
Burn patients are unique in that they are both very susceptible
to colonization as well as serve as a major source of bacteria.
Cross-contamination is a special concern in areas used by
multiple patients such as hydrotherapy, hyperbaric chambers
and stretchers. Providers should use standard barrier
precautions with all patients due to risk of cross contamination.
Severe burn injury often requires invasive catheters, which also
serve as nidus of infection. Diligent routine maintenance and
early removal of these devices are essential parts of burn patient
care. Patients with inhalational injury or intubated for very large
burns are at increased risk for pneumonia.

Figure 2: Degloving full thickness burn to right hand
Depending on the depth, a wound may require repetitive
surgical debridement before readiness for autograft. In this
case, allografts or homografts are used as temporary wound
covers. Allografts or homografts are created from cadaveric
donor tissue and promote re-epithelialization and more rapid
wound healing when compared to dressings alone. Allografts
can also be used as a protective cover over widely meshed
autografts. Xenografts are created from different species and

Despite precautions, sepsis remains a common cause of death
in severe burns. However, the detection of infection is difficult
because the typical SIRS response is a normal part of burn
injury. A consensus panel by the America Burn Association
developed specific guidelines for the diagnosis of sepsis in burn
patients that acknowledge burn patients’ baseline hypermetabolic state.16 This is a consensus definition due to the paucity
of available data.

American Burn Association
guidelines for Diagnosis of
Sepsis
Temperature > 39C or < 36.5C
HR >110
RR >25
Plt <100
Indications of insulin resistance
or feeding intolerance
+
Documented presence of
infection or response to
antimicrobials

Sepsis

typically trend prealbumin levels every 72 hours in our burn
ICU patients.

2 SIRS criteria
Temperature >38C or
<36C
HR >90
PaCO2 <32 or RR >20
WBC >12 or < 4
+
Documented source of
infection

Anemia and Transfusion of Blood Products

Procalcitonin, a precursor to calcitonin that increases in response to bacterial infection, can also be elevated in response
to trauma and surgery. Data supporting its use for detection of
bacterial infection in burn patients is variable but suggests it is
a useful adjunctive test with levels >2ng/mL positively associated with severe bacterial infection.17-19
Nutrition
Nutrition is the cornerstone of burn care treatment from early
resuscitation phase until the end of rehabilitation. Per European
Society for Clinical Nutrition and Metabolism (ESPEN)
recommendations, enteral feeding is preferred in major burn
patients (> 20% TSBA burns) and should be started within 12
hours of injury.20 High quality studies suggest early enteral
nutrition is associated with clinical advantages including:
attenuation of stress and hyper metabolic response; reduction of
stress ulcers; and reduced risk of malnutrition. Protein requirements in major burn patients are typically higher than other
critically ill patients and recommended at 1-2g/kg/day in adults
and 1.5-3g/kg/day in children. Optimal glucose control between
100-150mg/dl is associated with better graft take, less infectious complications, and decreased mortality.
Patients with major burns also have increased micronutrient
requirement. Major burns need early supplementation of supra
nutritional amounts of zinc, copper, selenium as well as
Vitamin B1, C, D and E to prevent deficiency related complications. Trace elements deficiencies can develop early in most
severe burn patients. Other therapies to reduce hypermetabolic
and hypercatabolic states are advocated including keeping the
ambient temperature warm, early excisional surgery and
occlusive dressings of the burn wounds.
Prealbumin levels are a better nutritional marker than albumin
and appears to correlate well with graft healing.21 However,
prealbumin and albumin are also acute phase proteins and their
values may be less sensitive to nutritional repletion during the
acute phase of burn injury. However, as the acute phase
subsides and adequate nutrition is maintained should result in
gradual increase in pre-albumin levels. Persistently low
prealbumin levels in the presence of normalizing C reactive
protein may be a sign of protein or calorie deficiency. We

Severe burns significantly change hematologic parameters and
anemia is common in patients with more than 10% TBSA
burns. There is no consensus on when to transfuse. Most burn
specialists prefer to maintain hemoglobin levels above 10g/dl,
based on conventional theory that it promotes wound healing.22
However, recent studies suggest that mild to moderate anemia
has no effect on graft success if perfusion is maintained with
fluid resuscitation.23 A cross sectional study of patients admitted to a burn center in Iran reported a trend towards two-fold
increased mortality in patients who received blood products
compared to those who did not receive any blood transfusion.24
A multi-center randomized trial of 345 patients with > 20%
TBSA burns were randomized to a restrictive or liberal
transfusion strategy. Patients assigned the restrictive strategy
received 50% less blood (a median of eight units) compared
with the liberal strategy (a median of 16 units). They reported
similar rates of bloodstream infections, ventilator days, wound
healing, organ problems and mortality in the two groups. They
concluded the restrictive transfusion strategy made better use of
blood resources without affecting health outcomes.25
Adjuvant Medications
Administration of high dose vitamin C (0.66 mg/kg/h for 24 h)
has been shown to stabilize the endothelium, reducing capillary
leak and fluid resuscitation requirement by about 30% in
patients with major burns.26 Several pharmacological methods
have been shown to mitigate the hypermetabolic response to
burns. Non-selective beta-blockers like propranolol, lower the
heart rate and metabolic rate in severe burns.27-29 Propranolol
dose is titrated to reduce basal heart rate by 20% which
decreases cytokines and stress hormone release.29
Oxandrolone administration has been associated with decreased
mortality and length of hospital stay in major burn patients.
Additional reported benefits include decreased protein catabolism and improved healing time. It is proposed that Oxandrolone be started after the acute resuscitation phase, typically
at the end of first week with close monitoring of liver
function.30-31
Gut Dysfunction in Burn Patients
Burn patients are uniquely susceptible to opioid induced constipation and opioid induced bowel dysfunction. We routinely
start burn patients on scheduled stool softeners and gentle
stimulant laxative on admission with holding parameters.
Resistant opiate-induced constipation may require agents such
as methylnaltrexone. Correction of electrolyte imbalance,
adequate enteral intake, and early mobilization are also essential. Other gut complications include bacterial translocation
from gut and abdominal compartment syndrome are common
in major burn patients and are associated with increased

morbidity and mortality. Treatment options are limited and
there is a need for rigorous studies to guide practice in these
areas.32

Society provide peer support, community engagement and
advocacy for burn survivors.35
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