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!"!  Major burn injury results in pathophysiologic changes affecting virtually all organs from the 
onset of injury until wounds are healed. Anesthesiologists are often called on to care for burn 
injury patients through their hospitalization including acute airway management and resuscita-
tion, intraoperative anesthetic care, intensive care, and management of postoperative pain.

!"!  Burn shock is a paradigm of ischemia/reperfusion injury. The initial ischemic (ebb) phase of burn 
shock is a hypodynamic, hypovolemic state, with rapid loss of fluid from the intravascular space 
and decreased cardiac output, which typically lasts for the first 24 to 48 hours following injury. 
Approximately 48 hours after successful resuscitation, a hyperdynamic, hypermetabolic (flow) 
phase ensues consisting of tachycardia, increased cardiac output, hyperthermia, hyperglycemia, 
and increased protein catabolism.

!"!  The goal of fluid resuscitation is to maintain organ perfusion by replenishing the massive loss 
of fluid from intravascular to extravascular compartments. Multiple fluid resuscitation formulae 
exist for estimating fluid needs and differ somewhat in their recommendations for the amount 
of crystalloid and colloid replacement. No matter which formula is used, it should serve only as a 
guideline, and fluid resuscitation should be titrated to physiologic endpoints.

!"!  Inhalation injury is a major prognostic factor for morbidity and mortality after burn injury. 
Management of inhalation includes observation and monitoring. Endotracheal intubation or 
tracheostomy is indicated if airway patency is threatened.

!"!  Patients with severe burn injury often suffer from nonthermal traumatic injuries. Failure to 
diagnose these associated injuries during initial evaluation can lead to serious morbidity and 
mortality. All burn patients should be approached initially as multiple-trauma patients.

!"!  The magnitude of burns is classified according to percentage of total body surface area (TBSA) 
involved, depth of the burn, and the presence or absence of inhalational injury. Accurate esti-
mation of burn magnitude is needed to guide the initial resuscitation strategy, make the referral 
to a burn center, ascertain the need for surgery, and to estimate prognosis. Three of the most 
commonly used methods to estimate %TBSA are the “rule of nines,” palmar surface area, and 
the Lund-Browder diagram.

!"!  “Fluid creep” refers to the trend of over-resuscitation in burn injury patients. Overly aggressive flu-
id administration may result in pulmonary edema, compartment syndromes, multiorgan failure, 
nosocomial infection, and increased mortality as well as the extension of the burn injury because 
of excessive local edema. Factors that contribute to “fluid creep” include overestimation of the 
burn size, use of supra-physiologic hemodynamic targets, increased opioid utilization, and failure 
to reduce the rate of fluid administration in patients with evidence of adequate tissue perfusion.

!"!  Electrical burns can have acute and chronic effects not occurring with other types of burn injury, 
and with morbidity far higher than expected based on burn size estimation alone. High-voltage 
injuries are typically associated with loss of consciousness, arrhythmias, myoglobinuria, and 
extensive deep tissue damage that can result in compartment syndromes. Patients suffering 
from electrical injury should be evaluated for associated traumatic injury, rhabdomyolysis, and 
compartment syndromes. For treatment of these complications, patients may come to the 
operating room within 24 hours of injury.

!"!  Airway management in the burn-injury patient may be challenging and warrants particular con-
sideration. Key features of airway assessment include preexisting airway abnormality, current 
airway injury (i.e., inhalation injury), and signs of glottic obstruction. The type of airway abnor-
malities may vary depending on the stage of the injury. In the acute burn setting, mandibular 
mobility and mouth opening may be limited because of edema or, in later care, may have 
significant scarring and contractures in the face, mouth, nares, neck, and chest which can make 
airway management difficult.

!"!  Burn-injured patients develop tolerance to most narcotics and sedatives, thereby requiring 
substantially higher doses than patients without thermal injury. Sedatives and narcotics should 
be titrated to effect while the patient is carefully monitored. Adverse effects of opioids, such as 
respiratory depression, acute opioid tolerance, and hyperalgesia, particularly with the need for 
rapidly escalating doses, have generated increasing attention to multimodal strategies.
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!"!  Muscle relaxant pharmacology is significantly and consistently altered after burn injury. 
Exposure to succinylcholine can result in an exaggerated hyperkalemic response, which can 
induce cardiac arrest. The current recommendation is to avoid succinylcholine administration 
in patients 48 to 72 hours after burn injury. The duration of this dangerous response to succinyl-
choline after burn injury is unknown.

!"!  Surgical excision of burn wounds is often associated with substantial bleeding. It is not uncom-
mon for the surgical team to remove eschar so rapidly that the patient becomes hypovolemic 
and hypotensive. Clinical judgment remains a vital component for intraoperative resuscitation, 
using markers of perfusion, erythrocyte mass, and coagulation, pulse, or arterial waveform as 
key assessment tools. Good communication between the surgical and anesthesia teams as well 
as limiting the operative duration and extent of excision are also essential.

!"!  Patients with major burn injury have an impaired ability for thermoregulation and therefore 
require close monitoring of body temperature. Multiple strategies are used to maintain body 
temperature in the operating room, including use of forced-air warming blankets, thermal wa-
ter mattresses, blood/fluid warmers, minimizing skin surface exposure, and wrapping the head 
and extremities with plastic or thermal insulation.

!"!  Postoperatively, burn-injured patients are likely to be less stable physiologically compared with 
the preoperative period. Continued bleeding may be concealed by dressings, the patient may 
be more prone to hypothermia, emergence may be associated with delirium, and analgesic 
requirements will be greater. During this period of exaggerated physiologic fragility, it is impor-
tant to be especially vigilant during transfer of the monitors and respiratory and hemodynamic 
support equipment to the intensive care unit staff.

!"!  Burn injury leads to increased susceptibility to infection due to decreased immunity through 
multiple mechanisms including loss of the physical barrier of intact skin, damage to lining of the 
respiratory tract from inhalation injury, and altered gut permeability and function. Preventative 
measures against infection are critical for the burn-injury patient and include early excision of burn 
eschar to improve local perfusion and prevent microbial colonization, prudent use of invasive de-
vices, application of antimicrobial burn dressings, and diligent compliance with infection control.

!"!  Nearly all aspects of burn care (e.g., dressing changes, excision and grafting procedures, physi-
cal therapy, and line insertion) are associated with pain. There can be ongoing background pain, 
periodic breakthrough pain, procedure-related pain, and eventually, chronic pain can develop. 
Standardized pain and anxiety guidelines are used to provide appropriate, consistent patient 
comfort.

Introduction

Burn injuries are among the leading causes of injury and 
death worldwide, with about 11 million seeking medi-
cal care and over 265,000 deaths annually. Over 95% of 
these occur in low- and middle-income countries.1 Approxi-
mately 486,000 burn injuries are treated at U.S. medical 
facilities each year of which 40,000 require hospital admis-
sion with approximately 3275 deaths.2

Major burn injury produces pathophysiologic changes 
that affect virtually all organs from the very onset of 
injury until after the wounds heal. Pathophysiologic 
effects may persist for years especially in patients with 
major injuries and include insulin resistance, neuro-
muscular dysfunction, pruritus, pain, and more frequent 
hospital admissions related to infections and cardiomy-
opathies.3-5 Severe burn injury patients are different 
from other intensive care patients as they pose chal-
lenges regarding fluid resuscitation, metabolic stress, 
perioperative demands, and other specific burn injury–
related complications. Most burn injury patients present 
to emergency rooms in community hospitals, which do 
not have a designated burn center. After initial acute 
care, these patients are usually transferred to tertiary 
care facilities with a specialized burn center. As a result, 
anesthesiologists staffing these peripheral hospitals with 

emergency rooms must be familiar with the pathophysi-
ology of acute burn injury and resuscitation. In addition, 
treatment of a burn injury patient requires multiple oper-
ations, frequent dressing changes, and prolonged hospi-
tal stay with extensive rehabilitation needs. In burn care 
facilities, anesthesiologists need to have expertise in the 
specific management of the pathophysiologic changes 
affecting these victims and particularly the unique fea-
tures of perioperative management of this patient popu-
lation. Therefore there is a continuous need for specific 
teaching, training, and maintenance of specialized skills 
in this field.6

Although morbidity from burn-related injuries remains 
high, advanced methods of resuscitation, early excision 
and grafting of burn wounds, better methods of wound 
coverage, improved anesthesia and intensive care tech-
niques, early diagnosis and aggressive treatment of infec-
tions, as well as enhanced nutritional support and mental 
health–care methods have led to significant decrease in 
burn injury–related morbidity and mortality. Other factors, 
including immediate prehospital care, early emergency 
treatment with advanced life support capability, and sec-
ondary transfer to a specialized burn unit have also contrib-
uted to improved survival.7 Despite significant advances in 
therapeutic strategies, care of the burn injury patient con-
tinues to pose multiple challenges for clinicians.!
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Pathophysiology

BURN SHOCK

Burn injury can cause massive tissue destruction and result 
in activation of an inflammatory response that leads to pro-
found pathophysiologic effects at sites both local and dis-
tant from the injury. Understanding the pathophysiologic 
alterations and their time course is essential for providing 
appropriate resuscitation and perioperative care.

Burn shock is a paradigm of ischemia/reperfusion injury.8 
The initial ischemic (ebb) phase of burn shock is a hypody-
namic, hypovolemic state, with rapid loss of fluid from the 
intravascular space and decreased cardiac output, which 
typically lasts for the first 24 to 48 hours following injury. 
A large volume fluid resuscitation is required to maintain 
intravascular volume for organ reperfusion, acutely dilut-
ing plasma proteins. Approximately 48 hours after success-
ful resuscitation, a hyperdynamic, hypermetabolic (flow) 
phase ensues due to the systemic inflammatory responses 
from the trauma-induced release of damage-associated 
molecular patterns (DAMPS), even in the absence of overt 
infection.9 This is characterized by increased cardiac out-
put, oxygen consumption, muscle protein catabolism, 
and body temperature, lasting for many months to years 
after healing of the burn wounds. When burn shock is left 
untreated, physiologic exhaustion ensues and is fatal.

The goal of fluid resuscitation is to maintain organ perfu-
sion by replenishing the massive loss of fluid from intravas-
cular to extravascular compartments. There are two main 
reasons for this loss, both of which have been extensively 
investigated and have clear temporal patterns. First, there 
is the negative imbibition pressure in tissues injured by a 
burn10-13 and, second, there is an increase in vascular per-
meability with loss of fluid from the vasculature as well as 
from the injured areas.14 In the injured areas, there is pro-
tein loss from the vasculature in addition to crystalloid loss. 
At the uninjured distant sites, there is capillary sieving of 
protein with loss of crystalloid only.15!

NEGATIVE IMBIBITION PRESSURE

When fluid losses were investigated in experimental mod-
els they could not be explained completely by an increase of 
permeability, and it was then postulated that there must be 
another mechanism that would explain these losses. In 1960, 
Gösta Arturson suggested that the loss from the blood could 
be explained by a reduction in the interstitial tissue pressure.16 
Subsequently, Lund et al. using in!vitro models showed that 
there is a build-up of strong negative interstitial pressure 
within injured tissue causing a negative interstitial pressure 
in the range of –25 to –50 mm Hg (Fig. 87.1).17 This nega-
tive gradient, called negative imbibition pressure, explains 
most of the early total fluid loss. Imbibition pressure is a nega-
tive pressure where water or crystalloid is absorbed causing 
large increases in volume and is different from hydrostatic 
and osmotic pressure. More recent in!vivo studies by Kinsky 
and associates have confirmed the previous in!vitro findings 
on imbibition pressure.18 This negative imbibition pressure is 
most pronounced immediately after the burn and remains for 
several hours. Intriguingly, the fluids provided during resusci-
tation seem to have an adverse effect on the negative imbibition 

pressure (see Fig. 87.1). Administering a greater amount of 
fluid results in larger negative tissue imbibition pressure, and 
correspondingly larger fluid leak and overall demand for fluids. 
The mechanism underlying the development of negative tis-
sue pressure is not well understood, but probably results from 
the effect of thermal energy on the tissue integrins (compo-
nents important for the regulation of hydrostatic pressure in 
the interstitium), which lose the ability to maintain their ben-
eficial effect on imbibition pressure. The magnitude of the burn 
seems to affect this defect; the larger the burn injury, the more 
pronounced is the negative pressure in the tissue.13 This is the 
reason for early hypovolemia despite fluid treatment therapy. 
Importantly, most of the intravascular fluid loss disappears 
within 24 to 48 hours.20 The resorption of the extravascular 
edema fluid, however, takes much longer as detailed later in 
the Fluid Resuscitation Strategies section.!

PERMEABILITY EFFECTS OF THE BURN

The loss of fluid from the intravascular space is also due to 
the increase in vascular permeability. This effect is obvious 
even in a small 5% total body surface area (TBSA) burn and 
occurs soon after the injury, explaining the blister forma-
tion even with small burn injury. Detailed mechanisms as 
to how even a small burn causes leakage of fluid is unclear, 
but there seem to be a number of putative mediators (see 
also section on Mediators Important in Fluid Loss). Another 
important aspect of vascular permeability is the onset of 
vasodilatation in most vascular beds as a result of the con-
tinued liberation of proinflammatory cytokines into the 
injured tissues. This vasodilatation increases the hydro-
static pressure in the microcirculation, which leads to 
further loss of fluid into the interstitial compartment. The 
Starling equation given here further describes the different 
factors that play a role in fluid filtration:20

Jv= Kf ((Pc ! Pi) – ! ("c ! "i))

where Jv is the fluid volume, Kf the filtration coefficient, Pc 
the capillary hydrostatic pressure, Pi the interstitial hydro-
static pressure, ! the reflection coefficient, #c is the capillary 
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Fig. 87.1 Negative imbibition pressure. Graph showing how nega-
tive interstitial fluid pressure changes over time and varies based on 
the size of the burn injury and the administration of fluid.
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osmotic pressure, and #i the interstitial osmotic pressure. 
In particular, the coefficient of filtration increases dramati-
cally, often to a range 20-fold greater; for the latter parts of 
the formula, there is an increase in hydrostatic pressure in 
the capillaries due to vasodilatation; decrease in interstitial 
pressure (the negative imbibition pressure) together with a 
decrease in colloid osmotic pressure within the capillaries as 
the result of a capillary leak, onto which also the increased 
osmotic effect of proteins lost into the interstitium, is added.

Although these changes affect most vascular compart-
ments, the effect at the venular-end seems more important 
from a quantitative perspective. Most of the proteins lost 
across the vascular wall are smaller molecules; a few larger 
proteins are also lost. This large protein loss is important 
to note, as it underlies the arguments in favor of so-called 
“colloid rescue” fluid resuscitation in larger burns, which 
reduces the total colloid loss (and corresponding total fluid 
loss) with decreased risk of compartment syndromes.22 It is 
important to stress that the loss of fluid from the intravas-
cular space is due to alterations in all the factors previously 
described, which are important for the transport of fluid 
across the capillary and venular walls, and therefore con-
tribute to the large fluid volume loss after burn injury.

In clinical practice, the increase in permeability, dilution 
effects of the resuscitation, and loss of protein manifest as a 
decrease in the concentration of serum albumin. The intra-
vascular colloid osmotic pressure during the acute phase of 
burn injury is dependent not only on albumin but also on 
the newly synthesized acute phase proteins. Uncertainties 
in the temporal pattern of the vascular leak of protein locally 
means that the optimal timing of colloid administration is 
unclear. Thus the intense debate as to when colloids can 
safely be started during fluid resuscitation continues. Today 
most burn clinicians would agree that it is appropriate to 
start colloids 8 to 12 hours postburn to reduce the total fluid 
volume (see section Colloid Rescue Treatment). It is important 
to understand, however, that early colloid administration 
may lead to its extravasation into the extravascular space 
with a concomitant increase in tissue edema. It must also 
be noted that even in the absence of burn injury only 20% 
of the administered crystalloid fluid volume stays within the 
vasculature, and that large volumes of crystalloid alone will 
decrease intravascular colloid osmotic pressure and cause a 
further loss of fluid from this compartment.23 These inter-
related effects must be appreciated when fluid resuscitation 
for a burn injury patient is initiated. However, the previous 
dictum that the first 24 hours after burn should consist of 
only crystalloids does not hold anymore.!

FLUID LOSS IN BURNS: THE TEMPORAL ASPECT

When caring for burn injury patients, it is important to 
discuss the temporal aspects of the fluid loss, and the rec-
ommended fluid management. This is particularly impor-
tant, as recent investigations have shown that in present 
guidelines there is a clear temporal mismatch between fluid 
loss and fluid volume protocols. Most of the fluid that is lost 
from negative imbibition pressure is lost within the first 3 
to 4 hours after the burn. The picture is somewhat different 
for the fluid that is lost from the increase in permeability. 
The most reliable data in humans has suggested that this 
fluid is lost at the time of the injury, and up to 8 to 10 hours 

later.24,25 The permeability effects continue even after 
48 hours due to the continuous systemic inflammatory 
response that is ongoing after the burn, although its magni-
tude is significantly less, unless complicated by sepsis.

More important is that the present guidelines for fluid 
resuscitation, particularly if they are based purely on crys-
talloids, do not fully account for this early loss of fluid. The 
patient may therefore be claimed to be in a controlled hypo-
volemic state during the first 12 to 16 hours after the burn 
injury. The tissue edema reaches its maximum between 
the first 24 to 48 hours after the injury, and thereafter the 
added fluid volume is slowly returned to the circulation and 
excreted as urine, often until 7 to 14 days after the burn 
depending on the magnitude of the injury.26 This is also the 
time when lung dysfunction can occur because of hypervol-
emia from the reabsorbed fluid.

Mediators Important in Fluid Loss
Many mediators have been thought to be important in the 
underlying mechanisms of fluid loss in burns, and there 
are probably several that contribute in different ways. The 
most important are: serotonin, nitric oxide, thromboxanes, 
prostaglandins, and several others including reactive oxy-
gen species and proinflammatory cytokines.27 But molecu-
lar mediators are not the only substances implicated in the 
permeability effects; white blood cell–related effects have 
also been suggested.28,29 Coagulation and the complement 
cascade are thought to be activated early, and also play an 
important part. Interest in the mediators and their possible 
role in the generation of fluid losses is driven by the hope of 
finding a treatment that can stop or reduce the process. Some 
attempts have been made and the most successful has been 
the use of high-dose vitamin C (as a scavenger of oxygen 
radicals) which, in randomized trials in both animals and 
humans, showed a reduction in fluid loss in the treatment 
arm.30,31 In addition, direct effects were seen on the nega-
tive imbibition pressure with vitamin C administration.32!

Hemodynamic Alterations

Burn shock can result in profound hemodynamic altera-
tions associated with organ dysfunction. Severe burn 
shock is both distributive and hypovolemic in nature. The 
increased systemic vascular resistance (SVR) (due to release 
of catecholamines, antidiuretic hormone, and hemocon-
centration) compounds the shock phase adverse effects.

A reduction in cardiac output also often occurs with 
major thermal injury even before any detectable reduction 
in plasma volume and may continue even when hypovole-
mia is alleviated.33 The cardiac dysfunction is characterized 
by slowed isovolemic relaxation, impaired contractility, and 
decreased left ventricular diastolic compliance and often 
continues for 24 to 36 hours.34,35 Burn-related left ventric-
ular contraction and relaxation defects increase with burn 
size, achieving a nadir with 40% TBSA burns.36 This cardiac 
dysfunction has been identified as a major cause of multiple 
organ dysfunction syndrome (MODS) and mortality.

A hyperkinetic and hypermetabolic state develops 48 
to 72 hours after burn injury, and is characterized by a 
decrease in vascular permeability, increased heart rate, and 
decreased SVR resulting in an increase in cardiac output. 
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Cardiac output is often increased to more than 1.5 times 
that of a nonburned, healthy patient 3 to 4 days following 
the injury. The metabolic rate is increased, approximately 
1.5 times that of normal basal rate.37 This increase in car-
diac output is associated with increased liver and kidney 
blood flow, which has implications for elimination of blood 
flow–dependent drugs including some antibiotics and anes-
thetic drugs. The onset of sepsis may further increase car-
diac output and decrease SVR.!

Inhalation Injury

PATHOPHYSIOLOGY

In addition to age and the extent of burns, inhalation injury 
is a major prognostic factor for morbidity and mortality 
after burn injury. Inhalation injury can be classified under 
three subcategories: direct thermal injury to the upper air-
way; chemical irritation to the lower (subglottic) airway 
and even lung alveoli; and systemic chemical or metabolic 
injury caused by specific noxious combustion chemicals, 
or a combination of these factors.38 Direct heat and steam 
injury to the upper airway can lead to marked swelling of 
the face, tongue, epiglottis, and the glottic opening resulting 
in an upper airway obstruction. Because airway swelling 
may not occur immediately but may develop over a period 
of hours (especially with, and complicated by, concurrent 
fluid resuscitation), a high index of suspicion and frequent 
reevaluations of the respiratory status are essential. A scald 
injury of the epiglottis may mimic symptoms of epiglottitis.39

Thermal injury to the lower airway is uncommon due to 
a highly efficient heat exchange system in the oropharynx 
and nasopharynx and the low specific heat of steam in con-
junction with the laryngeal closure reflex due to the irrita-
tion. Damage to the lower airways and lung parenchyma 
following smoke inhalation tends to be chemical rather than 
thermal. Toxic substances in smoke damage the epithelium 
and capillary endothelial cells of the airway resulting in 
the release of inflammatory mediators, increased vascu-
lar permeability, and edema of distal bronchi and alveoli. 
Many of the previously listed mediators are relevant here as 
well. Damaged mucosal cells produce excess exudates rich 
in protein and necrotic debris. Chemicals in smoke promote 
the formation of neutrophil-generated oxygen radicals 
leading to inflammation. Destruction and damage to the 
airway’s ciliary transport function leads to the accumula-
tion of casts, airway plugging, and impaired clearance of 
bacteria and debris.40 Alveolar collapse and atelectasis can 
occur because of loss of surfactant production or from plug-
ging of small airways by mucosal debris. Over time, these 
changes can result in bronchospasm, airway obstruction, 
atelectasis, and pneumonia, which cause ventilation perfu-
sion mismatch, impaired gas exchange, and decreased pul-
monary compliance. The severity of inhalation injury may 
not be directly proportional to the degree of exposure to 
smoke alone. Rather, the severity of injury is probably due 
to the composition of the inhaled material and combustion 
substances together with differences in the individual host 
response as well as added effects from the cutaneous burn.

Injury to the airways and lung can also occur with severe 
cutaneous burns in the absence of inhalational injury. 

Mechanisms include the effects of inflammatory mediators 
from the burn-injured area, and the effects of fluid resus-
citation and infection. For example, acute lung injury can 
occur in patients with scald injury without smoke exposure 
where bronchoscopic features can mimic smoke-induced 
airway injury.41,42

While the gas-phase components of smoke do not pro-
duce direct injury to the respiratory tract, they can produce 
systemic effects. Among the most toxic gas-phase compo-
nents are carbon monoxide (CO) and cyanide inhalation, 
which can lead to major morbidity and mortality following 
inhalation injury. CO is an odorless, colorless gas that has 
a 200-fold higher affinity than oxygen to the same binding 
sites on hemoglobin.43 CO shifts the oxyhemoglobin dis-
sociation curve to the left and alters its shape. In addition, 
CO binds to cytochrome oxidase, impairing mitochondrial 
function and reducing adenosine triphosphate (ATP) pro-
duction. CO thus reduces both the oxygen-carrying capac-
ity of blood and oxygen dissociation at a tissue level, as 
well as disrupting oxidative cellular respiration. The clini-
cal manifestations with patient symptoms of CO poisoning 
appear when carboxyhemoglobin (HbCO) levels are more 
than 15%.44 The symptoms are typical of tissue hypoxia, 
most notably neurologic impairment and myocardial dys-
function (the organ systems most vulnerable to hypoxia). 
There is no set combination of symptoms that confirms or 
rules out diagnosis of CO poisoning. The intensity of clini-
cal manifestations varies and does not correlate closely 
with HbCO levels. Early signs tend to be neurologic. Central 
nervous system (CNS) injury can lead to progressive and 
permanent damage. Severe myocardial dysfunction may 
occur, especially in patients with preexisting coronary dis-
ease. The clinical diagnosis of HbCO poisoning should be 
confirmed by demonstrating its elevated levels. Elevated 
HbCO levels indicate significant exposure to smoke, which 
points to the likelihood of chemical airway injury. Low 
HbCO levels do not always mean minimal exposure, as 
oxygen therapy in the early stages can reduce levels dur-
ing transport to the emergency department. Hypoxemia 
caused by CO poisoning is not detected by pulse oximetry 
or by partial pressure of oxygen (PaO2) measurements, and 
patients may appear “cherry pink” rather than cyanotic. 
CO- oximetry is required to make the diagnosis. The binding 
of CO to hemoglobin is stable, with a half-life of 4 hours for a 
person breathing air.45 Increasing the arterial PaO2 accel-
erates the CO displacement from the hemoglobin molecule; 
administration of 100% oxygen at atmospheric pressure 
shortens the half-life to an average of 74 minutes.46 Hyper-
baric oxygen therapy has been suggested as a therapy to 
reduce the neurologic sequelae from CO toxicity. Hyper-
baric oxygen therapy achieves faster CO displacement 
and may be more useful in cases of prolonged exposure, 
when it also may be assumed that it is harder to displace 
the toxin bound to the cytochrome system (e.g., mito-
chondria). The drawback of hyperbaric oxygen therapy is 
the need to transfer the burn injury patient to a treatment 
facility equipped with a hyperbaric chamber during the 
critical period of hemodynamic and pulmonary instabil-
ity. For these reasons, it may be considered in patients with 
severe neurologic involvement and levels of HbCO greater 
than 50%, without extensive burns or severe lung damage, 
and whose symptoms fail to improve despite a high flow of 
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oxygen. The lack of availability of hyperbaric oxygen poses 
a barrier to its use in many tertiary care centers.

Cyanide (CN) is released by the combustion of nitrogen-
containing compounds, which are present in plastics, fab-
rics, and paper. CN acts by binding to cytochrome oxidase, 
thereby inhibiting the mitochondrial respiratory chain, cell 
metabolism, and tissue ATP production, resulting in cyto-
toxic hypoxia and metabolic acidosis. CN toxicity may have 
a synergistic effect with CO in producing tissue hypoxia. Con-
centrations of CN greater than 20 ppm are considered dan-
gerous and concentrations of 100 ppm can lead to seizures, 
coma, respiratory failure, and death.47 A rapid diagnostic 
test for CN poisoning is not widely available; as a result, the 
treatment of CN poisoning is generally based on clinical sus-
picion. CN poisoning should be suspected in any patient with 
a history of smoke inhalation injury with an anion gap meta-
bolic acidosis in the presence of apparently adequate oxygen 
delivery. Lactic acidosis with a high anion gap can indicate 
CN poisoning, as can an arteriovenous oxygen saturation 
difference of less than 10 mm Hg because of the inability of 
the mitochondria to use tissue oxygen.48 Lactic acidosis in 
burn victims may, however, be due to several causes and is 
not specific for cyanide toxicity. CN’s short blood half-life ($1 
hour) makes accurate determination of CN poisoning dif-
ficult and is hampered by delayed blood sampling.49 Blood 
CO concentration is highly correlated with CN levels and as 
such, may be considered as an indicator of CN poisoning. 
Empirical treatment involves administration of high-flow 
oxygen. Specific antidotes are advocated, especially hydroxo-
cobalamin, which binds to CN and is relatively nontoxic; but 
administration must be immediate for any effect to be use-
ful.50 The deleterious effects of CN can also be neutralized by 
the administration of thiosulfate converting CN to thiocya-
nate, which is excreted in the urine. Exogenous thiosulfate 
has a slower onset than hydroxocobalamin.51 The treatment 
of CN toxicity by administration of nitrites (e.g., amyl nitrite) 
has generated controversy as this treatment in itself can be 
hazardous.52 Nitrites induce methemoglobinemia which, 
together with HbCO, may interfere with oxygen transport, 
thus contributing to hypoxia.!

DIAGNOSIS OF INHALATION INJURY

The diagnosis of inhalation injury is based on a combination 
of clinical findings such as patient history, physical exami-
nation, and HbCO levels. Patient history should include the 
duration of exposure such as whether the patient was found 
in an enclosed space, unconscious at the scene, or has exten-
sive cutaneous burns. Physical findings include facial burns, 
singed nasal hair, signs of upper airway injury (hoarseness, 
stridor, carbonaceous sputum, erythema, and swelling of 
the oropharynx), and signs of lower airway involvement 
(dyspnea, tachypnea, wheezing, decreased O2 saturations). 
Stridor, dyspnea, increased respiratory effort, and cyanosis 
appear only once critical narrowing of the airway occurs.

Chest radiographs lack the necessary sensitivity to detect 
lung damage for inhalation injury in the early stages, but 
their use is helpful as a baseline for determining future 
changes.53 Fiberoptic bronchoscopy (FOB) offers a potential 
means by which to evaluate severity of inhalation injury 
although it may underestimate the presence of parenchy-
mal disease and controversy exists over whether or not the 

visualized severity of the mucosal injury predicts clinically 
meaningful outcomes.54 FOB is unnecessary if subglottic 
pathology is unlikely. In patients with clinical signs sugges-
tive of thermal airway injury, a normal endoscopic appear-
ance is reassuring although alveolar damage would not 
be revealed. FOB can be repeated at intervals or if there is 
clinical deterioration. The presence of soot, mucosal edema, 
mucosal hyperemia, and pooling of secretions indicates 
inhalation injury, and suggests the need for close observa-
tion with repeated assessment; more ominous signs include 
narrowing of the laryngeal inlet, mucosal erosion, ulcer-
ation, and exudation.55 Virtual bronchoscopy is an alter-
native diagnostic modality to identify inhalation injury; 
however this is not widely practiced.56 Other diagnostic 
methods include xenon scanning, pulmonary function test-
ing, and computed tomography (CT).57,58 The most reliable 
indicator of the impact of inhalation injury is the arte-
rial partial pressure of oxygen to inspired oxygen fraction 
(PaO2/FiO2) ratio after the resuscitation has started.59

Laryngeal injuries are common in burn injury patients 
and can be associated with long-term morbidity.60-63 Early 
recognition of laryngeal injury and consultation with a 
laryngologist can influence treatment choices (e.g., trache-
ostomy) and limit morbidity. Because anesthesiologists are 
most likely to view the larynx of patients with acute burns, 
it is important to make laryngeal examination part of the 
initial intubation whether during resuscitation or induc-
tion of general anesthesia. Any pathologic laryngoscopic 
findings should be documented.!

TREATMENT

Treatment of upper airway burns secondary to smoke inha-
lation includes observation and monitoring.

Endotracheal intubation or tracheostomy is indicated if 
airway patency is threatened. Thermal injury to the oral cav-
ity and supraglottic structures can cause edema; with severe 
injury, airway obstruction may result as a consequence 
of edema of the supraglottic airway. Clinically significant 
obstruction can also occur following fluid resuscitation, with 
maximal edema typically presenting hours after the initial 
insult and lasting for several days. There can be no substitute 
for patience and repeated airway assessment by an experi-
enced anesthesiologist while minimizing edema formation 
by upright positioning and the avoidance of excessive fluid 
therapy. As a general rule, when indicated, it is safer to intu-
bate the patient early than risk a difficult intubation after air-
way swelling has occurred. Although preemptive intubation 
of patients with inhalation injury can be lifesaving, it should 
be performed for clear indications. Reasons for intubation 
include: protection against anticipated airway swelling, 
treatment of impaired oxygenation and/or ventilation due 
to lung injury, and to ensure airway protection and optimal 
oxygenation in cases of hypoxia or CO poisoning with neu-
rologic impairment. The treatment of pulmonary parenchy-
mal injury is inherently more complex than treatment for 
cutaneous burns. Necrotic skin can be excised, and healing 
can be observed directly. In contrast, injured lung involves 
measures to prevent further injury to allow host mecha-
nisms to repair injured tissues. Healing of pulmonary injury 
is followed indirectly by observations of blood gas analysis 
and radiographs/CT scans. Adequate oxygenation must be 
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maintained and bronchial hygiene facilitated. Some patients 
may benefit from noninvasive ventilation in the absence of 
usual contraindications.64 Endotracheal intubation may be 
necessary if the patient has increased work of breathing or if 
gas exchange is compromised.

Patients with both cutaneous burns and inhalation 
injury may require larger fluid volumes for resuscitation 
than those without inhalation injury.65 Additional fluid 
resuscitation measures beyond titrating fluid input to main-
tain adequate urine output (generally considered 0.5-1 mL/
kg/h) are not necessary and there are at least theoretical 
issues that the lung should be maintained “dry” to optimize 
gas exchange.66

Moderate elevation of the head of the bed allows grav-
ity to help reduce airway edema by facilitating venous and 
lymphatic drainage, and is therefore a sensible, critical stan-
dard practice. The patient should be given oxygen by mask 
to maintain adequate arterial oxygen saturation. Suction 
should be used to keep the airway clear of debris and secre-
tions. Children are at greater risk of obstruction because of 
their smaller airways, as are patients whose burns include 
circumferential burns to the neck. Other early signs and 
symptoms of respiratory dysfunction may be more sugges-
tive of a more severe inhalation injury.

Respiratory failure is a consequence of inhalation injury; 
however, the severely burn-injured patient often has mul-
tiple mechanisms contributing to lung injury, systemic 
inflammation in response to burn injury, pulmonary edema 
from fluid resuscitation, and sepsis. Thus the extent to which 
inhalation injury impacts burn patient outcome is difficult 
to separate from the contributions of other injury drivers, 
which affect the lungs. Management of respiratory failure 
commonly consists of mechanical ventilation and effective 
and repetitive pulmonary toilet. A myriad of ventilation 
strategies exists, and consensus regarding the most appro-
priate way to ventilate patients with inhalation injury has 
not been reached.67 In all cases, the goal of mechanical ven-
tilation should be to optimize oxygenation and ventilation 
while minimizing potential ventilator-induced lung injury. 
The mechanisms of ventilator-induced lung injury include: 
high airway pressures causing barotrauma, over-distension 
of alveoli leading to volutrauma, repetitive opening and 
closing of alveoli causing atelectrauma, and lung inflam-
mation caused by the release of proinflammatory cytokines 
that produce biotrauma.68 The use of lung-protective ven-
tilation strategies (i.e., tidal volume of 5-8 mL/kg predicted 
body weight, limitation of plateau pressure to less than 28 
cm H2O, and application of sufficient positive end-expiratory 
pressure to maintain alveolar patency and adequate oxy-
genation) is recommended as the initial approach if inva-
sive ventilation is required. Studies have shown that lung 
protective ventilation with low tidal volumes are associated 
with lower mortality in patients with ARDS and are there-
fore also recommended in burn injury patients.69 As in other 
critically ill patients, prone positioning has been shown to 
improve oxygenation in burn injury patients with severe 
ARDS.70 Permissive hypercapnia, where blood carbon diox-
ide partial pressure (PaCO2) is allowed to rise (<60 mm Hg) 
should be considered to limit plateau pressures unless there is 
a concomitant neurologic injury with suspected intracranial 
hypertension.71 These lung-protective ventilation strategies 
are generally considered to also apply to pediatric patients, 

although some evidence exists to challenge this presump-
tion.72-74 Other strategies used by some burn centers for 
management of inhalation injury include high frequency 
percussive ventilation or high frequency oscillation ventila-
tion, either of which may facilitate the clearance of airway 
debris and secretions.75,76 High frequency percussive ven-
tilation and high frequency oscillation ventilation may be 
considered as “rescue modes” in very severe lung disease, 
though a benefit on outcome remains unproven. Extracorpo-
real membrane oxygenation (ECMO) is increasingly used as a 
rescue treatment for patients with refractory hypoxemia but 
there is inadequate evidence to support its benefit in inhala-
tion injury at this time.78,79

The consensus recommendations for mechanical ven-
tilation also apply in this context, as do strategies for the 
prevention of ventilator-associated pneumonia.80 Broncho-
dilators may be administered to help optimize ventilation 
in the event of bronchospasm. Bronchoscopy may improve 
pulmonary hygiene and patient prognosis by clearing secre-
tions and sloughed epithelial cells. Although not yet in rou-
tine clinical use, there are several promising experimental 
pharmaceutical adjuncts that address physiologic changes 
associated with inhalation injury. Aerosolized racemic epi-
nephrine serves as a bronchodilator, vasoconstrictor, and 
mucolytic agent to alleviate wheezing and bronchospasm 
caused by the chemical tracheobronchitis.81,82 An aero-
solized N-acetylcysteine/heparin combination therapy, 
which acts as both an oxygen free-radical scavenger and 
a mucolytic agent, has also been successfully used in chil-
dren and adults with inhalation injury.83-85 Inhaled nitric 
oxide causes selective vasodilation in ventilated lung seg-
ments, and may improve oxygenation and pulmonary 
hemodynamics.86,87

Noninvasive positive pressure ventilation (NIV) has 
been successfully used to avoid endotracheal intubation in 
select patients with mild inhalation injury with little evi-
dence of edema, or as respiratory support strategy following 
extubation.88,88a The potential benefits of NIV are numer-
ous including allowing the patient to communicate freely, 
require less sedation, allow cough and expectoration of secre-
tions, and avoid other potential complications of intubation 
such as oropharyngeal trauma, mucosal ulceration, and 
ventilator-associated pneumonia. However, very strict case 
selection is essential. NIV requires compliant patients who 
can cough and protect their own airway and it must not be 
used where there is a risk of airway obstruction, or in patients 
with facial burns because of the tight mask required. In addi-
tion, there are legitimate concerns that NIV may conceal 
signs of progressive airway obstruction in the setting of an 
inhalation injury. The use of opioid and sedative drugs, often 
needed in burn injury patients, may complicate the use of 
NIV as a consequence of their respiratory depressant effects.

High-flow nasal cannula is a mode of respiratory support 
increasingly used in the management of acute respiratory 
failure. This mode delivers humidified gas via a nasal can-
nula at flow rates exceeding minute ventilation. The ben-
efits include the reduced work of breathing and improved 
gas exchange by nasopharyngeal dead-space washout; 
decreasing the energy required to humidify and heat respi-
ratory gases; and providing a degree of positive distending 
pressure. There are limited reports of its use in patients with 
inhalation injury.89!
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Acute Management

PATIENT EVALUATION

Optimal management of burn injury patients begins at the 
scene of injury and continues in the emergency department 
and with transfer to a specialized burn unit. The primary 
survey should be performed using a systematic approach 
that first seeks to identify the greatest threats to life as pro-
vided in the Advanced Trauma Life Support (ATLS) and 
Advanced Burn Life Support (ABLS) guidelines.90,90a This 
approach requires a combined strategy of airway assess-
ment and protection, initiation of resuscitation, and eval-
uation for coexisting injuries. Protecting the airway of a 
thermally injured patient is of the utmost priority. Early 
intubation is indicated in patients with symptomatic inha-
lation injury, or any thermal injury to the face, mouth, or 
oropharynx that threatens airway patency (stridor, swell-
ing on laryngoscopy, upper airway trauma, altered men-
tation, and respiratory distress).91 The current criteria for 
prehospital intubation has been questioned because of the 
high incidence of over-intubation and early extubation 
posthospital admission.92 Despite this concern, it seems 
safer to intubate and modify therapy once in hospital rather 
than be afflicted by airway distress during prolonged trans-
port. Oropharyngeal burns can rapidly cause obstruction; 
other causes of critical respiratory failure, such as coma, 
require immediate diagnosis and treatment. Once the air-
way is secure, breathing assessment follows. Auscultation 
of breath sounds and determination of respiratory rate and 
depth are essential for assessing the status of the lungs, chest 
wall, and diaphragm, and to evaluate the patient’s ability to 
adequately ventilate and oxygenate. Circumferential burns 
of the trunk or neck may impair respiration and require 
bedside escharotomy. Continuous monitoring of heart rate, 
blood pressure, pulse oximetry; and clinical assessment of 
unburned skin color should be used as parameters to assess 
circulatory status. An elevated heart rate (100-120 beats/
min) is considered within normal limits for adults with burn 
injury; a higher heart rate should raise suspicion for hypo-
volemia, other trauma, and inadequate pain management. 
Circulatory assessment requires evaluation of perfusion of 
all extremities, paying particular attention to any circum-
ferentially burned extremities. If perfusion is compromised, 
escharotomy is indicated. Intravenous access should be 
obtained via peripheral, central, and/or intraosseous routes 
and may safely be placed through burned tissue if neces-
sary. Adjuncts such as ultrasound may be helpful in plac-
ing peripheral intravenous catheters. Large-bore peripheral 
access is preferred because smaller catheters do not allow 
faster fluid administration, especially in larger burns.

Fluid management based on weight and burn size should 
be addressed once total assessment of the injury has been 
established. Patients who have sustained a thermal injury 
often present with altered mental status and the possibil-
ity of associated injury, substance use, hypoxia, inhala-
tion injury, or a preexisting condition that should always 
be addressed. As with trauma patients, the Glasgow Coma 
Scale, which utilizes verbal, motor, and eye measurements, 
can be used to establish a baseline mental status. Provid-
ing adequate environmental temperature control is essen-
tial for burn injury patients as they lose their ability to 

thermoregulate. The patient must be completely exposed to 
assess injury and to remove any contaminants that might 
prolong contact with chemicals or heat sources. A warmed 
environment and immediate coverage with clean blankets 
can limit hypothermia during the examination. More than 
5% of patients admitted to burn centers have also sustained 
nonthermal traumatic injuries.93 Therefore all burned 
patients should be approached initially as multiple trauma 
patients. Whole-body CT imaging and focused assessment 
with sonography in trauma-echocardiogram exam should 
be performed when associated injuries are suspected.

Indicated imaging, laboratory analyses, and adjunctive 
measures such as urethral catheters and nasogastric tubes 
should be completed at this time. It is mandatory to perform 
a rapid primary evaluation and immediately correct any 
problems found. Once these steps are completed, a more 
thorough assessment of thermal injury may ensue. The 
patient’s full history should be taken including: detection 
of the mechanism of injury, consideration of abuse, height 
and weight, possibility of CO intoxication, and facial burns. 
In addition, history of previous diseases should be obtained, 
if possible (allergies, medications, past medical history, 
events).

Once the primary and secondary surveys have ensured 
stabilization of the thermally injured patient, transfer to a 
facility capable of providing the care necessary to support 
a burn patient is initiated. The American Burn Associa-
tion has criteria for referral to a specialized burn center that 
includes both patient and burn characteristics such as size, 
depth, and etiology (Box 87.1).94 Patients who should be 
referred to a higher level of care for burns include those 
with partial thickness (second degree) burns greater than 

!"!  Second- and third-degree burns on >10% of TBSA in patients 
age <10 or >50 years

!"!  Second- and third-degree burns on >20% of TBSA in other age 
groups

!"!  Second- and third-degree burns that involve the face, hands, 
feet, genitalia, perineum, and major joints

!"!  Third-degree burns on >5% TBSA in any age group
!"!  Electrical burns, including lightning injury
!"!  Chemical burns
!"!  Inhalation injury
!"!  Burn injury in patients with preexisting medical disorders that 

could complicate management, prolong recovery, or affect 
mortality

!"!  Any patients with burns and concomitant trauma (such as 
fractures) in which the burn injury poses the greatest risk of 
morbidity or mortality; in such cases, if the trauma poses the 
greater immediate risk, the patient may be treated initially in 
a trauma center until stable before being transferred to a burn 
center

!"!  Hospitals without qualified personnel or equipment for the 
care of children with burns should transfer the patient to a burn 
center with these capabilities

!"!  Burn injury in patients who will require special social/emotional 
and/or long-term rehabilitative support, including cases involv-
ing suspected child abuse and substance abuse

BOX 87.1 American Burn Association Burn 
Center Transfer Criteria

TBSA, Total body surface area.
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10% TBSA; those with burns of the face, hands, feet, geni-
tals, perineum, or across major joints; and those with full 
thickness (third degree) burns of any size. Evidence suggests 
that burn injury patients have improved outcomes if trans-
ferred early to a facility capable of providing an advanced 
level of burn care.95,96 Therefore it is important to accu-
rately identify those patients with burns severe enough to 
merit transfer so that outcomes will be optimized.

Burn centers have been developed to standardize and 
optimize the overall quality of care delivered to burn-injured 
patients.97 Burn centers provide acute care using a multi-
disciplinary team that includes burn surgeons, anesthesiol-
ogists with special interest in burns, critical care physicians, 
burn-trained nurses, physical and occupational therapists, 
pharmacists, and dietitians. In addition, improvements in 
burn survivors’ long-term functional and psychological 
outcomes and quality of life have resulted from burn units 
having integrated relationships with physiatrists and reha-
bilitation facilities as well as burn psychologists and exercise 
therapists. Since an important part of functional recovery 
includes returning to work or school, newer additions to 
the burn team include vocational counselors, recreational 
therapists, child life specialists, and teachers.!

Estimation of Size and Depth of 
Burn Injury

The magnitude of burn injury is classified according to the per-
centage of total body surface area (%TBSA) involved, depth of 
the burn, and the presence or absence of inhalational injury. 
Accurate estimation of burn magnitude is needed to guide 
the initial resuscitation strategy, make the referral to a burn 
center, ascertain the need for surgery, and to estimate progno-
sis.98 Whereas a detailed evaluation of the extent of the ther-
mal injury is assessed during the secondary survey, an early 
estimate of burn size and depth is needed during the primary 
survey to calculate initial resuscitation fluid requirements for 
circulatory support. Three of the most commonly used meth-
ods to estimate %TBSA are the “rule of nines,” palmar surface 
area, and the Lund-Browder diagram. The rule of nines is used 
in adults and is less accurate in children. This method divides 
the body into body surface areas of 9% (the head, each upper 
limb, the front of the trunk, the back of the trunk, the front of 
each lower extremity, and the back of each lower extremity).99 
The surface area of the patient’s palm (excluding the fingers), 
approximately 0.5% of the TBSA, is used to estimate small 
(<10% TBSA) burns.100 However, this method is inaccurate 
for larger burns. The Lund-Brower diagram is considered the 
most accurate, if used correctly (Fig. 87.2).101 It allows for the 
variation in body proportions with age and is used especially 
in children. Computerized methods have evolved and demon-
strate high correlation and reproducibility.102

Burn depth is also considered an important determinant of 
outcome. First-degree burns are limited to the outer layer or 
epidermis of the skin. The skin usually appears red and dry and 
is very painful to touch. Healing takes place in 3 to 5 days. Sec-
ond-degree burns are further categorized into superficial and 
deep partial thickness burns. A superficial partial thickness 
burn extends into the superficial papillary dermis and appears 
red in color with significant weeping and blisters. It will also 
blanch when pressure is applied, and generally it takes less 

than 2 weeks to heal. Deep partial thickness burns extend into 
the reticular dermis and appear yellow or white and dry and 
often are extremely painful; however, in some cases, the sen-
sation in the deep partial thickness may become diminished. 
Full thickness or third-degree burns extend through the entire 
thickness of the dermis. These may appear dry, leathery, black, 
or white and are usually painless since nerves and endings 
are destroyed. They do not blanch under pressure. Although 
initially painless, the subcutaneous inflammation associated 
with deep dermal burn often becomes more painful than more 
superficial burns.103 The designation, fourth-degree burns, is 
used to describe those that have injured deeper structures, 
such as muscle, fascia, and bone. Deep second-, third-, and 
fourth-degree burns require surgical debridement and graft-
ing, whereas more superficial burns do not. Since the area of 
injury may progress over the first 2 to 3 days after the initial 
insult due to the effects of coagulation and ischemia, burn 
depth estimation may be greater when examined later com-
pared to the initial evaluation. Close reevaluation may be 
required to determine the actual burn size and depth.!

Fluid Resuscitation

Current fluid therapy is based on knowledge gained over 
the last century. Major breakthroughs in fluid management 
were made by Underhill, who described the pathophysiol-
ogy of burn injury in detail in the 1920s.104 In 1940, after 
the Coconut Grove night club disaster in Boston, Massa-
chusetts, the first attempts were made to use intravenous 
fluids to treat a large group of burn injury patients, and the 
result was that the mortality was significantly lower than 
expected. In 1953, the first fluid formula based on the size 
of the burn and the patient’s weight was introduced by 
Evans.105 The formula most widely used today is the one 
that was published in 1974 by Charles Baxter, who was 
then working at the Parkland Memorial Hospital in Dallas, 
Texas. The Parkland formula calls for 4 mL/kg/%TBSA of 
Ringer lactate solution given over the first 24 hours, half 
of which is given within the first 8 hours from the time of 
injury.106 The main advantages of the Parkland formula are 
use of an easily obtainable fluid (Ringer lactate), low cost, 
and a strategy that is easy to start and follow. A number of 
other formulations have been reported over the years, but 
none has the global impact of the Parkland formula. Some 
of the more common options are listed in Table 87.1.107,108

Today, few centers in Europe or the United States use for-
mulations other than the Parkland initially.109 Appropri-
ate resuscitation should be initiated promptly and tailored 
based on patient parameters to avoid over- and under-resus-
citation. Delayed or inadequate fluid replacement results in 
hypovolemia, tissue hypoperfusion, hypovolemic shock, 
and multiple organ failure. Morbidities associated with over-
resuscitation include pulmonary edema, compartment syn-
dromes (muscle compartments, abdomen, and the orbits), 
and even cerebral edema. As a general rule, burns of less 
than 15% TBSA can be managed with oral or intravenous 
fluid administered at 1.5 times maintenance rate (Box 87.2) 
and careful attention to hydration status. Maintenance flu-
ids, including a source of glucose, should be added to pediat-
ric patient resuscitation fluid as hepatic glycogen stores will 
be depleted after 12 to 14 hours of fasting.110

Downloaded for Damon dr68 (damondr68@gmail.com) at Hacettepe University from ClinicalKey.com by Elsevier on October 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



-,� �� Acute and Anesthetic Care of the Burn-Injured Patient 2755

Later, when insulin resistance and associated hypergly-
cemia develops, glucose infusions should be modulated. 
Colloids have the potential to increase oncotic pressure and 
thereby reduce fluid shifts and losses. Controversy remains 
as to the ideal time for initiation of colloid therapy in burn 
resuscitation. There is a general trend now to initiate col-
loids earlier than the previously recommended time of 24 
hours.109 All the formulae guide resuscitation with the goal 
of titrating fluids to obtain a urine output of 0.5 mL/kg/h in 
adults and 1.0 mL/kg/h in children. The reasons for using 

hourly urine output are that it is easily measured (once a 
Foley catheter has been placed), it reflects glomerular filtra-
tion rate and renal blood flow, and it is a surrogate for end-
organ perfusion and an indirect correlate of cardiac output.

ENDPOINTS FOR THE FLUID TREATMENT

No matter which formula is used, it should serve only as 
a guideline, and fluid resuscitation should be titrated to 
physiologic endpoints. However, the optimal hemodynamic 

1

A
Burn Estimate and

Diagram
Age and Area

Initial Evaluation*

Signature

Date of Burn

Date Completed

*To be completed by the
admitting resident or LIP on
admission

This is a working burn
estimate diagram only, and
is not as accurate as
photography

Area

Head 19 17 13 11 9 7
Neck 2 2 2 2 2 2
Anterior Trunk 13 13 13 13 13 13
Posterior Trunk 13 13 13 13 13 13
Right Buttock 2.5 2.5 2.5 2.5 2.5 2.5
Left Buttock 2.5 2.5 2.5 2.5 2.5 2.5
Genitalia 1 1 1 1 1 1
Right Upper Arm 4 4 4 4 4 4
Left Upper Arm 4 4 4 4 4 4
Right Lower Arm 3 3 3 3 3 3
Left Lower Arm 3 3 3 3 3 3
Right Hand 2.5 2.5 2.5 2.5 2.5 2.5

Right Thigh 5.5 6.5 8 8.5 9 9.5
Left Thigh 5.5 6.5 8 8.5 9 9.5
Right Lower Leg 5 5 5.5 6 6.5 7
Left Lower Leg 5 5 5.5 6 6.5 7
Right Foot 3.5 3.5 3.5 3.5 3.5 3.5
Left Foot 3.5 3.5 3.5 3.5 3.5 3.5
** Only 2° and 3° burns are included in the total 
TBSA burn percent

Left Hand 2.5 2.5 2.5 2.5 2.5 2.5

Birth–1
yr 1–4 yrs 5–9 yrs 10–14

yrs
15
yrs Adult

Code
Cross-

hatch - 2°
Solid - 3°

Total2° 3°

B

C

D

E

F

G

H

I

J

2 3 4 5 6 7 8

Fig. 87.2 Lund-Browder burn diagram and table. The Lund-Browder burn diagram and table indicate the varying proportions in surface area in 
persons with different ages. A careful burn diagram should be completed at the time of initial evaluation, including wound size, location, and estimated 
burn depth. The Lund-Browder chart should be used in pediatric patients because the body surface area relationships vary with age. TBSA, Total body 
surface area.
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targets of initial resuscitation in burn injury patients remain 
largely unknown. While traditional markers such as blood 
pressure, urinary output, and cardiac output are helpful, 
they do not sufficiently reflect the adequacy of regional 
perfusion and microcirculation. Even when macrocircula-
tory variables are within therapeutic goals, signs of tissue 
hypoperfusion may persist.112 Furthermore, microcircula-
tory alterations have been identified in patients with severe 
burns, and the severity of these alterations has been associ-
ated with a poor outcome.113

In an effort to address deficiencies in regional tissue perfu-
sion and microcirculation, trials of “goal-directed” resuscita-
tion have been undertaken, in which fluids are increased to 
normalize acidosis or achieve normal levels of cardiac output 
or oxygen utilization.114,115 This approach initially seemed 
effective but, in subsequent analyses, has not proved superior 
to traditional resuscitation, and resulted in administration of 
increased fluid volumes and the associated complications. 
This experience has confirmed earlier studies showing that 
cardiac output and other parameters require 18 to 24 hours 
to normalize following burn injury no matter what resusci-
tation strategy is employed.116 Therefore it appears that the 
optimal resuscitation strategy is to maintain the burn injury 
patient in a controlled hypovolemic state with an aim to 
maintain a urine output of 30 to 50 mL/h in adults. Central 
circulatory variables, such as intrathoracic blood volume 
index (ITBVI) when using a Pulse Index Contour Continu-
ous Cardiac Output (PiCCO, Pulsion Medical Systems, Ger-
many) system, wedge pressure when using a pulmonary 
artery catheter, or stroke volume/cardiac output with echo-
cardiography, should indicate hypovolemia during this spe-
cific period. The PiCCO instrument measures cardiac output 
and extravascular lung water by thermodilution. Hence 
leaky lungs from inhalation injury and during ventilation- 
perfusion abnormalities it may give incorrect estimates of 

cardiac output and extravascular lung water, respectively. 
When assessing circulation 18 hours after the injury, these 
central variables of cardiac filling and function will normalize 
with this resuscitation strategy.116

During the last few years, there have been indications 
that an increase in under-resuscitation of burn injury 
patients may be occurring.118 In addition, a recent survey 
of resuscitation strategies in Europe suggests an increase in 
the use of vasopressors and inotropes and early use of col-
loid for burn injury patients.119 While the impact of these 
changes remains unknown, there are two important issues 
using such a strategy. First, the skin, which in burn injury 
is the damaged organ, has a very high density of %1 adreno-
ceptors in its vascular bed and secondly, this compartment 
receives a significant portion of the fluid volume provided 
by resuscitation, thereby significantly increasing the risk of 
progression of the burn wound from second- to third-degree 
injury. There is scientific evidence in humans that support 
skin ischemia in edematous tissue after fluid resuscitation 
and this may be assumed to be a significant risk for deepen-
ing of the burn wound.120!

FLUID CREEP/RESUSCITATION FAILURE

A small percentage of patients fail to respond to conventional 
fluid resuscitation. Signs of resuscitation failure include 
low urine output, repeated episodes of hypotension or need 
for vasopressors, worsening of base deficit, or fluid infu-
sion in excess of predicted resuscitation needs in the first 24 
hours.121 When the fluid requirements exceed that calcu-
lated by the Parkland formula, administering either albumin 
or plasma (colloid rescue treatment) instead of or in conjunc-
tion with the crystalloid is often recommended to reduce the 
risk of compartment syndrome.122 The risk of abdominal 
compartment syndrome (ACS) increases appreciably when 
fluid volumes greater than 250 mL/kg/24 h are exceeded.123

If the total fluid requirement exceeds 6 mL/kg/%TBSA 
per 24 hours, it is advisable to obtain more information 
regarding intravascular volume and cardiac function. This 
usually occurs with very deep burn injury beyond the der-
mis. Hemodynamic monitoring modalities to obtain this 
information on cardiac function include transthoracic and/
or transesophageal echocardiography, measures of cardiac 
preload or fluid responsiveness (e.g., stroke volume varia-
tion, ITBVI or pulmonary arterial wedge pressure, cardiac 
index), measures of oxygen delivery and/or consumption 
(e.g., central venous oxygen saturation [ScvO2]), serum 
markers (e.g., base deficit, lactate), and measures of cellular 
metabolism (e.g., gastric tonometry). The major limitation 
of routinely using these measures for all resuscitations is 
that they have not been validated as resuscitative endpoints 
in the burn injury population; targeting multiple endpoints 
may result in excess fluid administration.

With large volume resuscitation, monitoring of abdomi-
nal, ocular, and extremity-fascial compartments for hyper-
tension should regularly be performed. The most commonly 
used method to monitor intraabdominal pressure is mea-
surement of intravesical pressure through a catheter inserted 
in the urinary bladder. The normal range of intraabdominal 
pressure is less than 5 to 12 mm Hg. Values above 25 mm Hg 
generally necessitate intervention, whereas values between 
12 and 25 mm Hg indicate the need for close observation for 

TABLE 87.1 Formulations for Fluid Treatment

Formulation Contains

Parkland Ringer lactate solution 2-4 mL/kg/TBSA%
Half the fluid volume given during the first 8 h and 

the remainder during the next 16 h

Modified Brooke Ringer lactate solution 2-4 mL/kg/TBSA%

Brooke Ringer lactate solution 1.5 mL/kg/TBSA% + colloid 
0.5 mL/kg + 5% glucose solution 2000 mL/24 h. 
The PiCCO instrument measures colloid can be 
albumin or fresh frozen plasma

HYPERTONIC SOLUTIONS

Monafo Ringer lactate containing sodium 250 mmol/L. 
Volume sufficient to produce urine 30 mL/h. Not 
commonly used in view of the hyperosmolar 
effects

!"!  100 mL/kg up to a body weight 10 kg
!"!  Above 10 kg weight, 50 mL/kg are added in the weight range of 

11-20 kg
!"!  Above 20 kg weight, add 20 mL/kg for every kg

Example: Maintenance fluid for a child of 28 kg:
1000 mL + 500 mL + 160 mL, i.e., total 1660 mL/24 h

BOX 87.2 Maintenance Fluid for Children
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evaluation.124,125 ACS is defined as sustained intraabdomi-
nal pressure exceeding 25 mm Hg with new-onset organ fail-
ure, such as oliguria or decreased lung compliance. It should 
also be suspected not only in patients with major burns but 
particularly in those who have received an amount of fluid 
resuscitation well beyond that predicted based on weight and 
burn size. In cases of symptomatic intraabdominal pressure 
or ACS, decompression is necessitated via paracentesis, lapa-
roscopy, or laparotomy.

“Fluid creep” refers to the trend of over-resuscitation 
in burn injury patients.126 Overly aggressive fluid admin-
istration may result in pulmonary edema, compartment 
syndromes, multiorgan failure, nosocomial infection, and 
increased mortality as well as the extension of the burn 
injury because of excessive local edema.127 Factors that con-
tribute to “fluid creep” include overestimation of the burn 
size, emphasis on achieving supra-physiologic hemody-
namic targets (e.g., base deficit, lactate, cardiac index and/or 
output, and surrogate markers, such as stroke volume varia-
tion), and increased opioid utilization (opioid creep).128,129 
A hesitancy for reducing the rate of fluid administration in 
patients with evidence of adequate tissue perfusion such as 
a urine output greater than 0.5 mL/h in adults or greater 
than 1.0 mL/kg in children also appears to play a role in fluid 
creep.130 Computerized decision-support tools may be benefi-
cial to decrease the volume of crystalloid infused and, conse-
quently, the incidence of fluid creep and its complications.131 
Such systems reduce over-resuscitation by rapid downward 
titration of fluid volumes when urine output is adequate.

Strategies to limit fluid creep may include albumin 
administration during early resuscitation and, more com-
monly, initiation of “colloid rescue” early (12-24 hours) 
after the burn injury when capillary integrity is thought 
to be restored. Hypertonic saline may also be beneficial in 
limiting fluid volumes, but careful monitoring is needed, as 
hypernatremia is associated with the development of acute 
renal failure.132,133 High-dose ascorbic acid (vitamin C) 
may have efficacy in reducing resuscitation volumes and 
the time to complete resuscitation in severe burns.134,135 Its 
use has not gained traction because of concern for osmotic 
diuresis and renal failure as well as an association with 
pseudohyperglycemia.136 Exchange transfusion (plasma-
pheresis) has been attempted but is not currently used.137!

Electrical Injury

Electrical burns account for up to 4% of admissions to burn 
centers.138 The severity of injury after an electrical burn 
depends on voltage (V), current, type of current (alternating 
or direct current), path of current, duration of contact, resis-
tance of involved tissues, and individual susceptibility.139 Low-
voltage electrical injury is classified as less than 1000 V and 
can damage tissue at the contact site. High-voltage injury is 
characterized as more than 1000 V, and leads to damage that 
extends into the surrounding tissues, particularly to muscle 
around long bones. Exposure to current generated may also 
cause cutaneous injury by transformation of electrical energy 
to thermal energy. Injuries can range from local erythema to 
full-thickness burns. Burns due to lightning are common but 
typically quite superficial because of the short duration of con-
tact between the energy source and the victim.140

Electrical injury should be managed as a multisystem 
injury. Evaluation for associated traumatic injury, par-
ticularly to the spinal cord, should take place, including 
assessment for event-associated blunt thoracic or abdomi-
nal trauma.141,142 Patients with high-voltage injuries 
should also be evaluated for rhabdomyolysis. Limbs should 
be assessed for compartment syndromes that may require 
fasciotomy. For treatment of these complications, patients 
may come to the operating room within 24 hours of injury. 
In high-voltage electrical injuries, urgent surgery may be 
life-saving, and is necessary to allow the highest chance 
for limb salvage. After initial burn wound excision, fur-
ther debridement may be indicated to ensure adequacy of 
excision of necrotic tissue before reconstruction. Wound 
management of high-voltage injuries often requires staged 
debridement, because the extent of myonecrosis is often dif-
ficult to initially ascertain and myonecrosis can extend over 
time. Wound closure often requires use of grafts and local or 
distant flaps. High-voltage electrical injuries can be severe 
resulting in the need for amputations. The tetanic contrac-
tion of muscle caused by continued electrical stimulation 
may cause bone damage including vertebral fractures.

Electrical injury affects the cardiovascular system by 
directly causing necrosis of the cardiac muscle and by incit-
ing dysrhythmias.143 The most frequently encountered 
rhythm disturbance is sinus tachycardia, often accompanied 
by nonspecific ST- and T-wave changes. Conduction defects 
such as heart blocks are also common. Cardiac standstill and 
ventricular fibrillation are the most serious cardiac compli-
cations of electrical injury. Patients without electrocardio-
graphic changes on presentation are unlikely to experience 
life-threatening arrhythmias.144 The myocardial injury after 
electric shock behaves more like a cardiac contusion than a 
myocardial infarction generally with minimal hemodynamic 
consequences. Enzyme markers of cardiac injury may be 
misleading, as normal enzyme concentrations in the circu-
lating blood do not exclude the possibly of a conduction sys-
tem injury with consequent rhythm disturbances.145

Patients with major electrical burns should have an indi-
vidualized fluid resuscitation. Deep tissue injury, including 
visceral injury with extravasation into extravascular com-
partments, makes formula-based resuscitation generally 
inadequate since the surface burn is only a portion of the 
injury.146 In addition, the current-induced injury to muscle 
can lead to rhabdomyolysis and myoglobin release, which 
can precipitate in the renal tubules causing acute kidney 
injury. Thus if myoglobinuria is present, urine output should 
be maintained at 1 to 2 mL/kg/h until the urine is no longer 
pigmented, at which time urine output can be titrated to 1 
mL/kg/h.147 Additional treatment with sodium bicarbonate, 
mannitol, and furosemide facilitate myoglobin excretion and 
protect against renal tubular injury. It is not uncommon for 
patients with major electrical burns to suffer long-term neu-
ropsychological sequelae such as chronic pain and therapy-
resistant psychological symptoms that need to be addressed 
in an extended rehabilitation process.148!

Chemical Burns

Chemical burns represent only about 3% of burn center 
admissions, but they are an important source of morbidity.138 
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Most chemical burns in middle- or high-income countries 
occur in the workplace, but some are secondary to assault, 
typically to the face. Chemical injuries have some important 
biochemical differences when compared to thermal burns. 
In thermal injuries, there is a rapid coagulation of tissue 
protein due to irreversible cross-linking reactions, whereas 
in chemical burns the protein destruction continues longer 
due to hydrolysis mechanisms.150 These mechanisms may 
extend as long as traces of the offending agent are present 
especially in deeper skin layers. In addition, some chemi-
cal agents can produce a systemic toxicity. The duration of 
the chemical’s contact with skin is the major determinant 
of injury severity. The severity of a chemical burn injury is 
also determined by the concentration of the agent, its tissue 
penetration, and mechanism of action.150

The initial management of any chemical exposure is to 
eliminate the toxic chemical quickly without contami-
nating care providers. Elimination of the toxic chemical 
involves removal of clothing and a thorough irrigation with 
water.152 In most instances, efforts to neutralize chemicals 
are contraindicated due to the additional generation of 
heat, which would further contribute to tissue damage.153 
Dilution, not neutralization, is the key to therapy. There 
are two notable exceptions: hydrofluoric acid (sub-eschar 
injection of 10% calcium gluconate) and white phospho-
rous (lavage with 1% or 2% copper sulfate immersed in 
water).154 Diphoterine is a new chelating agent that has 
shown initial promise for treatment of chemical burns.155 
The insidious nature of some chemical injuries allows 
them to progress for prolonged periods so that an initially 
superficial-appearing wound ultimately requires surgery. 
A special concern in larger settings of chemical accidents 
are precautions not to contaminate the emergency depart-
ment by the chemical in question. Initial cleansing of the 
chemical is performed outside the hospital doors and such 
procedures should have an action plan in the hospital disas-
ter management protocols.156

General support and care involves fluid resuscitation as 
with a burn injury using urine output monitoring to assess 
adequacy of end-organ perfusion. Disturbances of pH can 
occur with systemic toxicity.153 Blood gas and electrolyte 
analysis should be performed until metabolic disorder has 
been treated and controlled. After lavage and debridement, 
chemical burns can be treated with topical antimicrobial 
agents and dressings. Early excision and grafting may be 
needed albeit the pronounced difficulties in assessing burn 
depth in these injuries. Inhalation injury may also occur 
and be present if chemicals are aerosolized and such injuries 
are managed like smoke inhalation injuries.!

Cold Injury

Cold injury or frostbite occurs when tissues are exposed to 
temperatures below their freezing point (typically "0.55°C) 
for a sustained period of time.158 Severity of injury depends 
on a number of factors including the absolute temperature, 
duration of exposure, wet or dry cold, immersion, and patient 
comorbidities such as peripheral vascular disease, neuropa-
thies, smoking, mental health issues, and substance abuse.159

Cold injury most commonly occurs in the distal extremi-
ties or exposed areas of the face. It can result in a wide 

spectrum of injuries, ranging from minor injury with com-
plete resolution to the need for major limb amputation. The 
progression of cold injury evolves over time. The wounds 
may initially present with blisters that do not appear to be 
deep. Over days to weeks, because of injury to the microvas-
culature, they can progress to full-thickness loss; toes and 
fingers may mummify over prolonged periods.

On arrival to the hospital setting, underlying unstable 
comorbidities, trauma, or hypothermia must be assessed 
and managed before frostbitten extremities are treated. 
Moderate or severe hypothermia should be corrected to 
bring core temperature above 35°C before initiating frost-
bite warming. Rewarming the extremities can become 
extremely painful, so analgesics should be administered.160 
Rewarming is ideally accomplished using a whirlpool bath 
set at a temperature range of 37°C to 39°C, which decreases 
the pain experienced by the patient while only slightly slow-
ing rewarming time. Rewarming should continue until a 
red/purple color appears and the extremity tissue becomes 
pliable. Loss of sensation after a long period of normother-
mia is a poor prognostic indicator.158

If ischemic frozen extremities do not reperfuse after 
rewarming, early angiography, thrombolysis, and anticoag-
ulation may be warranted.162,163 Intravenous vasodilators 
(nitroglycerin or papaverine) may be useful in conjunc-
tion with thrombolysis to address the vasospasm that often 
accompanies a frostbite injury. Magnetic resonance angiog-
raphy may be beneficial for prognostication as it allows direct 
visualization of occluded vessels and surrounding tissue and 
may show a clearer demarcation of ischemic tissues.163 
Wound management is generally conservative, allowing 
ischemic tissues to demarcate before excision. Wound clo-
sure often requires skin grafts and local or distant flaps. Pro-
phylactic antibiotics are not indicated since frostbite injuries 
are not inherently tetanus-prone wounds.!

Stevens-Johnson Syndrome/Toxic 
Epidermal Necrolysis

Toxic epidermal necrolysis syndrome (TENS) and Stevens-
Johnson syndrome (SJS) are severe exfoliative diseases of 
the skin and underlying structures caused by immuno-
logic reactions, usually triggered by a medication or a viral 
syndrome.165 Common triggers for SJS and TENS are drug 
exposure with anticonvulsants, antibiotics, and allopuri-
nol.166 The two syndromes are distinguished from each 
other by disease severity, which is characterized by the 
extent of epidermal detachment and erosions of mucous 
membranes. The TBSA involved in SJS is less than 10%, 
10% to 30% in SJS-TENS overlap, and more than 30% in 
TENS. Outcomes vary according to the TBSA affected and 
age. Mortality with TENS is approximately 15% whereas 
that of SJS is less than 5%.167 Age, as in thermal burns, is 
also a major factor affecting outcome in these patients.168 
The primary cause of death is infection and multiorgan 
failure. Because a burn center has personnel with expertise 
in the management of patients with skin loss from thermal 
injury, it often provides care for patients with SJS and TENS. 
Initial treatment begins with withdrawal of any offend-
ing drug and includes airway protection if needed, fluid 
resuscitation, nutritional support, close monitoring for 
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septic complications, and eye care.169 Wound desiccation 
and superinfection is prevented with topical antimicrobial 
agents, and selective use of wound membranes can also be 
considered. Numerous other adjuvant therapies have been 
tried in TENS management including corticosteroids, cyclo-
sporin, cyclophosphamide, plasmapheresis, pentoxifylline, 
N-acetylcysteine, ulinastatin, infliximab, and granulocyte 
colony-stimulating factors (if TENS-associated leukopenia 
exists); however their effectiveness is uncertain.170!

Special Considerations

PEDIATRICS

The treatment of children with burn injury differs from burn 
care in adults in several areas, including airway manage-
ment, fluid resuscitation, and pharmacologic therapies.171 
Children have a greater body surface area to mass ratio than 
adults, resulting in increased fluid resuscitation require-
ments (based on body weight), greater evaporative water, 
and making them more prone to hypothermia. In addition, 
children have disproportionately thinner skin, which may 
lead to the risk of deeper burns at lesser temperature. Thin-
ner skin also makes initial burn depth assessment difficult 
because a burn may initially appear to be of partial thick-
ness but be a full thickness injury or can develop into a full 
thickness injury.

The circulatory system in infants and children also differs 
from that of adults. Infants have limited cardiac contractil-
ity and are dependent on their heart rate to increase car-
diac output. In addition, there is a greater susceptibility to 
fluid overload, especially in younger children, particularly 
if all the administered fluids (flush solutions, medications, 
carrier fluids) are not taken into account. During surgical 
procedures, it is important to account for the volume of fluid 
administered subcutaneously for tumescence of donor sites 
and burn sites. The kidneys of young infants have less con-
centrating ability. The short length of pediatric intravenous 
catheters and patient activity can lead to extravasation as 
the patient develops edema after burn injury. Central lines 
in children can compromise circulation to extremities and 
require extra monitoring. Intraosseous lines can result in 
limb loss due to compartment syndrome from either a mis-
placed or dislodged catheter, or leakage of infused fluids 
around the needle insertion site.

The child’s body temperature should be closely moni-
tored and ambient temperature increased in the exami-
nation room to prevent hypothermia. Warm intravenous 
fluids and warm blankets are useful adjuncts in this setting. 
Fluid-based convection heat mattresses can be particularly 
effective and useful in this scenario. Wet cold dressings and 
cold intravenous solutions should be avoided to decrease 
loss of body heat.

Airway and pulmonary considerations in children 
include their smaller airway, which can rapidly be com-
promised with airway edema causing resistance to airflow. 
Infants and small children also lack the pulmonary reserve 
present in older children and adults. In children with scald 
injury, respiratory failure can occur during and after fluid 
resuscitation, even in the absence of inhalation injury.172 
Stridor and retractions should be taken as signs of airway 

compromise and a need for intubation. Asthma is prevalent 
in children and may be exacerbated by smoke inhalation. 
Bronchospasm, common in children suffering inhalation 
injury, should be treated early and aggressively.

Children are susceptible to resuscitation-related cere-
bral edema, which can result in seizures or brain hernia-
tion.173,174 There is laboratory evidence that the blood 
brain barrier may be more easily disrupted in children after 
major burn injury and could thus lead to a larger risk for 
neurologic dysfunction.

Assessing pain and anxiety is challenging in children 
because many are unable to verbalize their complaints. 
Compared to adults, opioid tolerance seems to develop faster 
in young children.175 Age-specific pain and anxiety scales 
exist and should guide care. In general, a child should be 
upset and crying after burn injury. A moribund or minimally 
responsive child is likely to be in shock and requires imme-
diate attention. Children are often combative during wound 
care and dressing changes. During these times, appropriate 
doses of anxiolytics and analgesics, including ketamine and 
benzodiazepines, should be administered. However, once the 
stimulus stops, special attention is needed as children can be 
oversedated because the half-life of the drug is longer than 
the duration of painful dressing changes.

Up to 20% of pediatric burn injuries are a result of abuse or 
neglect. Abuse should always be considered in a child with 
burn injury, particularly when the injury pattern does not 
match the history given, in the presence of multiple injuries 
of different durations, or in cases when there is evidence of 
delay in seeking treatment. Physical examination indications 
such as uniform burn depth with sharp borders; symmetri-
cal isolated lower limb and buttock injury; skinfold sparing; 
absence of splash marks; associated unrelated injuries; and a 
passive, introverted, fearful child should also raise suspicion 
and trigger screening by dedicated child abuse teams.!

ELDERLY

Older individuals are more vulnerable to burn injury 
and are less able to compensate from the injury when it 
occurs.176,177 Age is the most important outcome fac-
tor besides TBSA. Concurrently, mortality rate, as well as 
severity of complications, is more pronounced in this group 
of patients. The propensity of geriatric patients to burn 
injury is likely the result of impaired dexterity and mobility, 
impaired vision, and decreased coordination, which also 
impair their ability to react rapidly and reach safety when 
faced with danger.

Older adults often have more comorbid medical condi-
tions and therefore take multiple medications that may 
blunt their response to the physiologic stress of burn injury 
and increase their risk for complications. Coexisting car-
diac and pulmonary disease can result in complications 
related to fluid resuscitation including pulmonary edema, 
congestive heart failure, and pneumonia. Close monitor-
ing of respiratory and cardiovascular parameters in older 
adults is mandatory during fluid resuscitation. The deci-
sion to resuscitate should be carefully weighed in older 
patients with large cutaneous burn injuries, especially in 
the presence of inhalation injury, because mortality rates 
can exceed 90%.178 Advanced directives, healthcare prox-
ies, and families should be consulted as early as possible. 
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Older burn injury patients have a lower threshold for ven-
tilator support during treatment because of the decrease in 
lung reserve. Preexisting renal disease can result in greater 
sensitivity to nephrotoxic drugs. Older patients also have 
an altered and impaired immune-response and thereby an 
increased susceptibility to infection.179

The skin of older patients is thinner and more susceptible 
to deeper burn injury. In addition, there is impaired capac-
ity for dermal and epidermal regeneration, so harvesting 
and especially repeated harvesting of donor skin may not be 
possible because of poor wound healing. Under normal cir-
cumstances, older patients have a reduced resting metabolic 
rate and may be unable to generate the required increase in 
metabolic response following a burn injury. For even a minor 
burn injury, they may benefit from nutritional support and 
may gain benefit from nutritional rehabilitation prior to sur-
gical treatment.180 Care should be taken with enteral feeding 
as it poses a risk of aspiration, particularly in delirious older 
burn victims. Pain control in the older patient is often inade-
quate following burn injury, and the premise that there is less 
pain with increasing age is without foundation.181 Finally, 
older patients may live alone or have a spouse who is unable 
to provide the care needed after discharge, including wound 
care, transportation, and support.!

OBESE PATIENTS

Management of the morbidly obese patient poses many 
clinical challenges including accurate measurement of 
burn size, resuscitation requirements, mechanical ven-
tilation settings, drug dosing, mobilization, and effective 
nutritional goals. During resuscitation, obese burn injury 
patients take a longer time to reach end points of resuscita-
tion and normalize their metabolic derangements.182 This 
finding is consistent with findings in the trauma literature 
in the obese population.183 This group can have persistent 
metabolic acidosis during the resuscitation phase and are 
at greater risk of developing more severe multiple organ 
failure.182 These factors may contribute to higher mortal-
ity risk in the morbidly obese burn patient.182,185 It remains 
unclear as to whether actual or ideal body weight is appro-
priate for estimating fluid requirements accurately. The use 
of actual body weight to drive resuscitation volumes may 
result in over-resuscitation of these patients, depending on 
the resuscitation formula.187 However, actual body weight 
and TBSA provide a reasonable starting point, after which 
fluid rates should be reduced hourly to meet individual 
needs while preventing burn shock or other complications. 
In contrast to morbid obesity, mild obesity, for reasons 
unclear, seems to have a better survival.188!

Infection Control

Infection is a leading cause of morbidity and mortality in 
burn injury patients because of their increased susceptibil-
ity to infection through multiple mechanisms, including 
altered immunity, loss of the physical barrier of intact skin, 
damage to the lining of the respiratory tract from inhala-
tion injury, altered gut permeability, and invasive devices. 
These devices include endotracheal tubes (ETTs), intravas-
cular catheters, and urinary catheters, which bypass the 

body’s normal defense mechanisms. Sources of organisms 
that can cause hospital-acquired (nosocomial) infection 
include the patient’s endogenous flora, exogenous environ-
mental sources, and transmission by healthcare personnel. 
Pneumonia, central venous lines, and burn wounds are the 
most common sources of bloodstream infections, which 
typically occur within a week of injury.

Preventative measures against infection are critical for 
the burn injury patient and include early excision of burn 
eschar to improve local perfusion and prevent microbial 
colonization, prudent use of invasive devices, application of 
antimicrobial burn dressings, and diligent compliance with 
infection control practices. To avoid selection of resistant 
pathogens, prophylactic systemic antibiotics should not be 
administered.189 For patients with documented infection, 
antibiotics should be culture-directed. Knowing incidence 
and sensitivities to unit specific pathogens will allow more 
accurate targeting of empirically prescribed antimicrobials. 
Dosing should be adjusted to account for the altered organ 
function. Regular monitoring of antibiotic levels is impor-
tant as evidence suggests that many patients never achieve 
the recommended therapeutic antibiotic concentrations.

Topical antimicrobials consist of a wide range of agents 
targeted at reducing the incidence of wound infection by 
controlling microbial contamination at the wound surface. 
An advantage of local antimicrobial therapy is the ability to 
get high concentrations of the active agent at the site. Sys-
temic agents are less successful in treating local infections 
because they most often do not reach the burn wounds in 
large concentrations because of the microthrombosis of 
vessels and wound edema. Eschar penetration, safety pro-
file, desired spectrum of activity, patient tolerance, and pro-
jected length of therapy must be balanced.190 Silver nitrate, 
silver sulfadiazine, and silver-based dressings are the most 
commonly used agents. Silver works quickly and may have 
one of the broadest spectra of activity that includes gram-
positive, gram-negative, and fungal organisms. Mafenide is 
an alternative topical agent that offers the added benefit of 
eschar penetration for deep burns. Although rare, adverse 
reactions from mafenide can occur in sulfa-allergic patients 
and metabolic acidosis from carbonic anhydrase inhibition 
has been reported.191

Early recognition and treatment of sepsis may reduce the 
incidence of complications and improve survival. Identify-
ing sepsis can be challenging in light of the hyperdynamic, 
hypermetabolic, and proinflammatory response to burn 
injury. Systemic inflammatory response syndrome criteria 
have poor correlation with infection in burn injury patients, 
with more than 90% of patients fulfilling criteria regardless 
of clinical stability or infection status.192,193 Standardized 
criteria for diagnosis of sepsis and infection-related diagno-
ses were developed more than a decade ago for burn injury 
patients.194 These burn-specific criteria for sepsis include 
(three of the following with documented infection): temper-
ature over 39°C or under 36.5°C, tachycardia greater than 
110 beats/min or more than 2 standard deviations from 
value for age, progressive tachypnea (spontaneous ventila-
tion: respiratory rate >25 or as necessary for mechanical 
ventilation), hyperglycemia (plasma glucose &230 mg/mL) 
in the absence of diabetes mellitus, thrombocytopenia (will 
not apply until 3 days after initial resuscitation; platelet 
count '100,000 µ/L), and the inability to continue enteral 
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feeding for more than 24 hours. Other clinical indicators of 
sepsis may include increased fluid requirements, hypoten-
sion, altered mental status, and worsening renal status. It 
is likely that use of multiple indicators of sepsis will improve 
the sensitivity and specificity of early sepsis diagnosis in this 
clinically more difficult setting.195

Burn wounds are particularly known to be tetanus prone. 
Patients who are current with vaccination status require no 
further treatment while those with unknown or inadequate 
vaccination status should receive tetanus toxoid in addition 
to tetanus immune globulin.196,197!

Metabolic Considerations

The hypermetabolic response after burn injury is more 
severe and sustained than any other form of trauma. Burn 
injury patients have increased resting energy expenditures, 
increased myocardial oxygen consumption, marked tachy-
cardia, increased body temperature, glycolysis, proteolysis, 
lipolysis, and futile substrate cycling.198 Marked and sus-
tained increases in catecholamine, glucocorticoid, glucagon, 
and dopamine secretions are thought to initiate the cascade of 
events leading to the acute hypermetabolic response with its 
ensuing catabolic state. The role of DAMPS in this hypercata-
bolic state has not been elucidated.199 The metabolic rate of 
patients with greater than 40% TBSA burn can exceed 180% 
of non-burned levels during admission and 150% at the time 
of complete wound healing.200 Furthermore, the hypermeta-
bolic response to burn injury persists well beyond wound 
closure, with metabolic and inflammatory changes that can 
occur up to 3 years after the injury, especially in children 
with very large burns.201 This high metabolic demand and 
energy expenditure results in the catabolism of lean muscle 
mass, which may have important detrimental effects for the 
complete recovery processes.198

The relevance of the postburn hypermetabolic and 
inflammatory effects includes prolonged insulin resistance, 
increased fracture risk, increased liver size due to steatosis, 
growth impairment, increased cardiac work and dysfunc-
tion, protein catabolic state, and impaired muscle strength, 
hormonal abnormalities, and increased risk for infection. 
Consequently, severe burn injury is not an acute illness but 
rather a chronic health problem. Numerous strategies have 
been employed to modify this catastrophic response includ-
ing early excision and grafting, thermoregulation, and early 
aggressive enteral feeding. There are several proven phar-
macologic approaches to attenuate the hypermetabolic 
flow phase of a burn. Adrenoceptor blockade (most com-
monly with the nonselective (-blocker, propranolol) has 
favorable effects on heart rate, resting energy expenditure, 
oxygen consumption, and net muscle-protein balance.203 
Insulin therapy promotes maintenance of muscle mass and 
improved donor site healing, without increasing hepatic 
triglyceride synthesis. It also attenuates the inflammatory 
response.204-206 Oxandrolone, a synthetic androgen, has 
been shown to increase both muscle protein synthesis and 
muscle strength as well as improve bone mineral content, 
and is today recommended in burn care guidelines.207 
Despite these pharmacologic therapies, muscle wasting 
of burn injury persists for several years. More research is 
needed to better manage these functional deficits.!

Nutrition

Nutrition is of critical importance for the burn injury 
patient. It has been estimated that a patient’s basal energy 
needs may benefit up to 200%.208 Nutritional support not 
only partially abates the hypermetabolic response and 
attenuates muscle protein loss but also modulates stress 
hormone levels, improves gut mucosal integrity, improves 
wound healing, and decreases the risk of stress ulcer for-
mation. Growing evidence suggests that early nutrition is 
safe, efficacious, and leads to better outcomes. In addition, 
evidence suggests that delay in enteral nutrition leads to a 
higher incidence of gut mucosal atrophy, microbial trans-
location, which can lead to sepsis, and multiorgan failure. 
The potential disadvantage of early feeding is a higher risk 
of complications when the patient is being resuscitated 
from burn shock. Gastric ileus is not uncommon in the early 
phase, and feeding could lead to a higher risk of aspiration. 
In addition, there is a concern that burn injury patients who 
are still in shock may be at risk of intestinal necrosis if fed.

Enteral nutritional support should be used in prefer-
ence to parenteral nutritional support. Parenteral nutri-
tion should be reserved for those with prolonged ileus and 
or enteral feeding intolerance. Oral feeding is preferred to 
enteral feeding (liquid formulae given through nasoen-
teric tubes) because of the reduction in both cost and com-
plications. However, the severely injured are unable to 
eat enough to satisfy the hypermetabolic response. While 
underfeeding can result in complications, it is important to 
recognize that overzealous nutritional support offers little 
additional benefit and may be harmful. Overfeeding can 
result in fluid and electrolyte imbalances, hyperglycemia, 
and hepatic steatosis. Although formulae exist to predict 
total caloric requirements, these often lead to underfeeding 
during periods of highest energy utilization and to over-
feeding late in the treatment course. As there is also a large 
interindividual variability, actual caloric requirements 
should be determined by measuring resting energy expen-
diture with indirect calorimetry.209

Patients who suffer from extensive burn injury will often 
undergo multiple operative procedures often under gen-
eral anesthesia. Historically, the use of general anesthesia 
requires patient’s to be nil per os (nothing by mouth, NPO) 
at midnight of the intended procedure day. This practice can 
lead to a major void in a burn patient’s caloric support. The 
feasibility and safety of continuing enteral feeding through-
out operative procedures has been studied.210 Enteral feed-
ing using post-pyloric tubes has been successful, provided 
the airway was secured via a cuffed ETT or tracheostomy (to 
prevent aspiration of gastric contents).211,212 Nevertheless, 
it is prudent to hold enteral feedings when there is poten-
tial for increasing abdominal pressure (e.g., prone position 
or surgery on the abdomen) or when an airway procedure 
such as tracheostomy is to be performed.!

Anesthetic Management

PREOPERATIVE EVALUATION

Patients are often brought to the operating room in the early 
phase of burn injury, when they are undergoing significant 
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fluid shifts with corresponding cardiovascular instabil-
ity and/or respiratory insufficiency. Early excision of dead/
necrotic tissue with temporary or permanent coverage of the 
open areas is important for decreasing the burden of wound 
colonization and systemic sepsis. In addition to standard pre-
operative evaluation, there are specific features of the his-
tory and physical examinations, which deserve additional 
focus in the burn injury patient. These include the time and 
extent of burn injury, airway evaluation, presence of inhala-
tion injury, quantity of fluid received, current resuscitation 
regimen and the patient’s response, vascular access/sites, 
and tolerance of enteral feeding and NPO status (Box 87.3). 
Communication with the surgeons and the critical care team 
is crucial to manage perioperative care in a manner that is 
compatible with treatment goals of the intensive care unit 
(ICU). Details of the surgical plan, including the extent and 
anticipated duration of the procedure, are also essential to 
estimate blood loss and to plan appropriate vascular access, 
invasive monitors, arrange thermoregulation, and to order 
appropriate blood products. Conferring with the nurse taking 
care of the patient will provide valuable information about 
the current status of the patient.!

Intraoperative Management

AIRWAY MANAGEMENT

Airway management in the burn injury patient may be 
challenging and warrants particular consideration (see Fig. 
87.2). Key features of airway assessment include preexist-
ing airway abnormality, current airway injury (i.e., inha-
lation injury), and signs of glottic obstruction. The type of 
airway abnormalities may vary depending on the stage of 
the injury. In the acute burn setting, mandibular mobility 
and mouth opening may be limited because of edema or, 
in later care, the developing contractures. Preanesthetic 
assessment of the patency and soft-tissue compliance of the 

airway are essential. Palpation of the neck and subman-
dibular space may reveal tightness that will limit displace-
ment of the tongue and soft tissues into the submandibular 
area, making laryngoscopy challenging. Dressings and 
nasogastric tubes may make face mask seal difficult. Facial 
wounds may be painful, and exudate and topical antibiotics 
may result in a slippery skin surface and difficulty holding 
the mask. Burn victims, who are beyond the acute phase 
of injury, may have significant scarring and contractures 
in the face, mouth, nares, neck, and chest, which can 
make airway management very difficult.213,214 The airway 
sequelae of burn and inhalation injury or tracheostomy 
can also include subglottic stenosis, tracheomalacia, gran-
uloma formation, obstruction of the nares, and fixation of 
the neck in a flexed position. If a patient is suspected to be 
difficult to mask ventilate, it is wise to either confirm the 
ability to mask ventilate prior to giving drugs that promote 
apnea or maintain spontaneous ventilation throughout the 
induction and intubation. The utility of traditional adjuncts 
used to facilitate mask ventilation, such as an oral airway, 
nasal airway, jaw thrust, chin-lift, and two-hand mask 
ventilation, may be limited in the burn injury patient. An 
oral airway may be difficult to insert in patients with micro-
stomia, as would a nasal airway in patients with scarring 
of the nares. Chin-lift and jaw-thrust may be impossible 
because of scarring and contractures, which can limit neck 
extension and anterior displacement of the mandible.

The laryngeal mask airway (LMA), a supraglottic airway 
device, has been successfully used as both an alternative 
to tracheal intubation and a rescue airway device for burn 
injury patients (Fig. 87.3).215 Use of the LMA for airway 
management may help avoid further laryngeal injury asso-
ciated with tracheal intubation. It can also serve as an aid to 
fiberoptic intubation. However, microstomia and fixed neck 
flexion from contractures can limit its use. Microstomia can 
impair the ability to insert the LMA into the oropharynx. 
Fixed neck flexion makes insertion difficult because the dis-
tal end of the LMA abuts the chest wall. Surgical release of 
neck contractures under local anesthesia prior to intuba-
tion may be required in severe cases.

If the preoperative examination reveals concern for upper 
airway patency, mobility, or mask ventilation, fiberoptic 

!"!  Age of patient
!"!  Extent of burn injury (total body surface area, depth, and loca-

tion)
!"!  Mechanism of injury
!"!  Elapsed time from injury
!"!  Associated injuries
!"!  Inhalational injury and/or lung dysfunction
!"!  Adequacy of resuscitation
!"!  Coexisting diseases
!"!  Airway patency
!"!  Difficult vascular access
!"!  Gastric stasis
!"!  Altered drug responses
!"!  Altered mental states
!"!  Pain/anxiety
!"!  Presence of organ dysfunction
!"!  Presence of infection
!"!  Susceptibility to infection
!"!  Hematologic issues (anemia, coagulopathy)
!"!  Magnitude of surgical procedure

BOX 87.3 Major Perioperative Concerns for 
the Burn Patient

Fig. 87.3 Burn-injured patient with a severe neck contracture under-
going general anesthesia with a laryngeal mask airway.
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intubation while maintaining spontaneous ventilation 
should be considered. If the patient is uncooperative, inha-
lational induction or the use of ketamine preserving spon-
taneous ventilation may permit the advancement of the 
fiberoptic scope. It is important to avoid gag and laryngo-
spasm during the fiberoptic intubation. Traditional meth-
ods to topicalize the airway to prevent gag include using 
preinduction nebulized lidocaine or lidocaine gargle and 
postinduction lidocaine sprayed directly on the vocal cords 
via the fiberscope. Video laryngoscopy is an alternative intu-
bating tool that also permits assessment of hypopharyngeal 
and glottic anatomy. In children awake intubation is not 
a viable option. Ketamine-induced sedation/anesthesia 
maintains the pharyngeal muscle tone and can be used for 
fiberoptic intubation in children. Tracheostomy completely 
done under local anesthesia is also at times a viable option 
(Fig. 87.4). A surgeon capable of performing a potentially 
difficult tracheostomy should be readily available when 
there is any question of inability to manage a patient with 
an anticipated difficult airway. The distorted anatomy can 
make a surgical tracheostomy difficult in both elective and 
urgent situations.

Gastric emptying may or may not be delayed in burn 
injury patients.216 Sepsis, intestinal edema, and opioids 
may slow gastric emptying, with increased risk of aspira-
tion. If there is concern for ileus, rapid sequence induction 
is generally required. The use of the LMA in the presence 
of decreased chest or abdominal compliance can result in 
redirection of ventilated volume from the lungs to the stom-
ach. Regurgitation of gastric contents can occur in these 
instances significantly complicating the procedure.

It is essential to secure the ETT to avoid unintentional 
extubation. Traditional securing methods using adhesive 
tapes or ties are unsuitable in patients with facial burns since 
tape or ties crossing burned areas can irritate the wound 
or cause injury to grafts. Placement of a circumferential tie 
around the patient’s head, using wire to secure the tube to 
a tooth, or use of arch bars can provide safe fixation.217-220

The use of cuffed ETTs in the pediatric burn popula-
tion, both in the operating room and in the ICU, is safe and 

recommended regardless of the child’s age.221 Considerable 
fluctuation in airway diameter can occur throughout the 
patient’s acute hospital course because of laryngeal, tra-
cheal, and bronchial edema. With fluctuations in airway 
diameter, the ETT cuff may need to be readjusted to facili-
tate mechanical ventilation without a leak or prevent over-
pressure in the cuff, which can cause tracheomalacia.

Severely burn-injured patients may require tracheos-
tomies because of potential complications from long-term 
translaryngeal intubation for mechanical ventilation. The 
optimal timing and indications for tracheostomy remain 
unresolved.222 In general, early tracheostomy should be 
considered if prolonged mechanical ventilation is antici-
pated (inhalation injury, advanced age, chronic pulmonary 
disease, other significant systemic comorbidities, and large 
burn size). Complications can occur, particularly when tra-
cheostomies are performed under nonelective conditions, 
through burned tissue or in the presence of edema. Trache-
ostomy-related dysphagia, dysphonia, and other laryngeal 
pathologies have been described in burn injury patients.223!

VASCULAR ACCESS

Vascular access in burn injury patients can be challeng-
ing. The anatomy of typical vascular access sites can be dis-
torted by the burn injury and in the setting of acute injury, 
patients can be hypovolemic, making venous access techni-
cally difficult to obtain. In addition, resuscitation can result 
in edema. In pediatric patients, the task can be even more 
difficult. It may be necessary to place vascular catheters 
through burn-injured tissue or wounds. On occasion, it 
may be necessary to have the surgeons debride the inser-
tion site just before placement of the vascular catheter. If 
no intravenous access is available, temporary intraosseous 
cannulation may safely be placed in patients of any age. 
This technique obviates the need for venous cutdowns and 
can be useful in emergency situations. A multiport central 
venous catheter is usually necessary in patients with large 
burn injuries because of incompatibility of resuscitation flu-
ids with drugs, blood, and the need for hyperalimentation. 
Localization of vessels using ultrasonographic guidance 
can be useful in placing peripheral and central catheters in 
patients when access is difficult.224

Because burn injury patients undergo multiple surgical 
procedures during their hospitalization, access is required 
multiple times. Central venous catheters can be kept in 
place without changing them for more than 7 to 14 days, 
provided extreme aseptic techniques are practiced during 
their insertion and use. When a new catheter is needed, 
the insertion can be rotated and include the jugular, sub-
clavian, and femoral veins. For excision and grafting pro-
cedures, securing adequate vascular access before the 
surgical procedure begins is necessary as blood loss can be 
rapid and substantial.!

VENTILATOR MANAGEMENT

Respiratory failure is common after serious burns caused 
by inhalation injury, due to inflammatory mediators from 
the burn, effects of fluid resuscitation, and infection. In 
providing intraoperative mechanical ventilation, the same 
considerations used in the ICU must be followed to avoid 

Fig. 87.4 Pediatric patient with burns of the face and neck. The 
patient underwent early tracheostomy due to profound swelling of the 
airway present.
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barotrauma. Although the concept has not been tested in 
this population, growing evidence supports the importance 
of maintaining lung protective ventilation even in the oper-
ating room. During the hypermetabolic state (beginning 
$48-72 hours after burn injury), oxygen consumption and 
carbon dioxide production can be significantly increased. 
Consequently, minute ventilation can exceed 20 L/min in 
an adult patient with a large burn.

Extensive excision and grafting procedures may result 
in such a physiological disturbance that postoperative 
mechanical ventilation is needed. The reabsorption of 
tumescent fluid used during surgery and the surgery-
induced bacterial and cytokine release can aggravate the 
lung dysfunction. The decision to wean from mechani-
cal ventilation and extubate after surgery is based on the 
same considerations as in the nonburn patient. Extubation 
should not be performed in the presence of hemodynamic 
instability, significant metabolic derangement, hypother-
mia, sepsis, or worsening pulmonary function. Assess-
ment of extubation readiness should include assessment 
for edema in the upper airway and glottis. The presence 
of a good air leak after deflation of the endotracheal cuff is 
an indirect estimate of an adequate glottic opening. Direct 
visualization using direct laryngoscopy or with flexible FOB 
is often performed in the operating room prior to planned 
weaning and extubation.!

MONITORING

As with any patient suffering from multiorgan dysfunc-
tion, intraoperative monitoring of the burn injury patient 
depends on the patient’s physiologic status and extent of 
planned surgery. The injury per se can make placement of 
these monitors challenging when standard sites are burned 
or are within the surgical field. Difficulty may be encoun-
tered in adherence of standard electrocardiogram (ECG) 
electrodes as a result of exudation of fluid from the injured 
sites or the presence of topical antibiotic ointment. Use of 
needle electrodes or surgical staples to fix the electrodes 
can be effective. Alternatively, placing the electrodes on the 
back or dependent sites may hold them in place. Applica-
tion of pulse oximetry probes can also be difficult and may 
require alternative sites, such as the ear, nose, or tongue 
in such circumstances. In an extensively burned patient, 
a blood pressure cuff may have to be placed directly over 
injured or recently grafted tissue. In this circumstance, 
great care should be taken to protect the underlying area 
and a sterile cuff should be used. If rapid or extensive bleed-
ing is expected, an arterial line should be considered for 
continuous measurement of blood pressure and blood 
sampling. In addition, the arterial pressure waveform and 
its alterations in relation to respiration provide continu-
ous hemodynamic information about fluid responsiveness 
and cardiac output and can be used to guide volume and 
vasoactive therapy.225 Temperature monitoring is impera-
tive as these patients are susceptible to and intolerant of 
hypothermia. Monitoring of body temperature is also use-
ful for detection of blood transfusion reactions intraopera-
tively (>2°C rise in temperature). Neuromuscular function 
monitoring in patients receiving neuromuscular blocking 
drugs is required as dose requirements can be significantly 
altered. However, continuous use of muscle relaxants 

during burn surgery is seldom needed. Multiport central 
venous catheters are useful for simultaneous monitoring 
of central pressures and administering of drugs and fluids. 
Meticulous care to prevent contamination from exogenous 
sources of all existing or planned introduction of catheters 
and tubes should always be observed.!

PHARMACOLOGIC CONSIDERATIONS

Burn injury causes pathophysiologic changes in the car-
diovascular, pulmonary, renal, and hepatic systems, as 
well as in concentrations of circulating plasma proteins as 
a result of the release of endogenous mediators, and hor-
mones together with exogenous ligands that are admin-
istered affect receptor plasticity. These changes result in 
altered pharmacokinetic and pharmacodynamic responses 
to many drugs, and these responses may vary depending on 
the burn severity and the time elapsed after the injury.226,227

The two distinct phases of cardiovascular and metabolic 
responses to burn injury can affect pharmacokinetics in dif-
ferent ways. During the acute injury phase (0-48 hours), 
there is rapid loss of fluid from the intravascular space, 
resulting in decreased cardiac output and blood flow to 
organs and tissues. Despite adequate resuscitation, patients 
may continue to have decreased cardiac output and 
decreased renal and hepatic blood flow. During this phase, 
there will be decreased elimination of some drugs by the 
kidney and liver. Because of decreased intestinal blood flow, 
absorption of oral drugs will also be delayed. Following the 
resuscitation phase, the hyperdynamic phase begins, which 
is characterized by increased cardiac output and increased 
blood flow to the kidneys and liver. Drugs dependent on 
organ blood flow will have increased clearances; drug doses 
may have to be adjusted upward accordingly.

The two major drug-binding proteins, albumin and %1-
acid glycoprotein (AAG), are altered in opposite ways after 
burn injury.227 The concentration of albumin, which binds 
to mostly acidic and neutral drugs, is decreased in burn 
injury patients while AAG, which binds cationic drugs, is 
an acute-phase reactant and its concentration increases 
twofold or greater in these patients.229 Cationic drugs (lido-
caine, propranolol, muscle relaxants, and some opioids) 
bind to AAG, resulting in decreases in free fraction. Most 
likely related to the decreased albumin levels and continued 
fluid leak through burn wounds and/or resuscitation flu-
ids, there is an increase in volume of distribution of almost 
every drug studied (propofol, fentanyl, muscle relaxants). 
In addition, pharmacodynamic changes at target organs 
alter drug-receptor interactions causing variable and at 
times unpredictable changes in responses to drugs. Conse-
quently, changes in the usual dosages of drugs or complete 
exclusion of other drugs (e.g., succinylcholine) may be nec-
essary to ensure efficacy, patient safety, or avoid toxicity.

Clearance of drugs highly extracted by the liver depends 
primarily on hepatic blood flow and is relatively insensitive 
to alterations in protein binding. Thus clearance of highly 
extracted drugs (e.g., propofol, fentanyl) may decrease dur-
ing the early postburn phase as a result of hypoperfusion 
from hypovolemia and hypotension, and subsequently 
increase during the hyperdynamic phase when hepatic 
blood flow increases.230,231 During the hypermetabolic 
phase, renal blood flow and glomerular filtration rate 
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increase. Thus renal clearance of some drugs (antibiotics 
[gentamicin, cephalosporins] and H2-receptor antagonists 
[ranitidine]) will have enhanced elimination.232,233 In con-
trast, clearance of drugs that have a low hepatic extraction 
coefficient is unaffected by changes in hepatic blood flow, 
but is sensitive to alterations in plasma protein levels as it 
is the unbound fraction of drug that is metabolized. Hepatic 
enzyme activity also appears to be altered in patients with 
burns.226 Phase I reactions, which include oxidation, 
reduction, hydroxylation, and demethylation, are impaired 
after burn injury (e.g., diazepam). Phase II reactions involv-
ing conjugation, glucuronidation, and sulfation seem to 
be relatively unaffected (e.g., lorazepam).235 Additionally, 
systemically administered drugs may leak out through the 
burn wound, and blood loss during surgery can potentially 
exaggerate the elimination of drugs.!

ANESTHETIC DRUGS

Many inhalation and intravenous drugs have been used suc-
cessfully for the induction and maintenance of anesthesia in 
burn injury patients.230 Choice of drug should be based on 
the patient’s hemodynamic and pulmonary status and the 
potential difficulty in securing the patient’s airway. Because 
of its rapid onset and lack of pungency, sevoflurane offers 
advantages for smooth inhalation induction in children or 
adults with abnormal airways or those without intravenous 
lines. The choice of volatile aesthetic does not appear to influ-
ence outcome in these patients. Long-term sequelae of repeti-
tive anesthetics in pediatric patients is unknown.

Propofol clearance and volume of distribution are 
increased in patients with major burns during the hyper-
dynamic phase of injury.230 Therefore in comparison with 
nonburned patients, those with major burn injury may 
require larger bolus doses and/or increased infusion rates of 
propofol to attain or maintain therapeutic plasma drug con-
centrations. Attention to the hemodynamic consequences 
of administering larger doses of propofol is warranted.

Opioids
Opioids are the mainstay of analgesia in this population of 
patients because (1) they are potent, (2) the benefits and 
risks of their use are familiar to the majority of care provid-
ers, and (3) they provide a dose-dependent sedation that is 
beneficial during painful and anxiety-provoking wound-
care procedures.238 The wide spectrum of opioids avail-
able for clinical use provides dosing flexibility (i.e., variable 
routes of administration, time until effect, and duration of 
analgesia), which can target different pain qualities and 
contexts. For example, oral opioids with delayed systemic 
uptake (e.g., sustained-release morphine, fentanyl patch) 
or prolonged terminal half-life (e.g., methadone) are effec-
tive in treating background pain. In contrast, short-acting 
agents with rapid onset (e.g., intravenous fentanyl, alfen-
tanil) are better suited for procedural pain alleviation. 
During the acute phase of injury, potent opioids such as 
morphine sulfate, hydromorphone, and fentanyl should be 
given intravenously and titrated based on patient response. 
It is not clear that the use of any one opioid offers fewer side 
effects than another.

Many patients are receiving continuous infusions of opi-
ates and sedatives before surgery. These infusions have 

been maintained to reach a steady state of effect and should 
not be stopped. Intraoperative analgesia can be achieved by 
increasing these infusions or turning to other drugs. Fen-
tanyl is commonly used as an analgesic in the operating 
room as well as for sedation in burn care units. The volume 
of distribution and clearance of fentanyl are increased fol-
lowing burn injury partly explaining the increased dose 
requirement of this drug.239,240 A decreased volume of 
distribution and clearance of morphine has been reported 
in burn patients, with an expected increase in elimination 
half-life.241 However, other literature has suggested no sig-
nificant difference in morphine pharmacokinetics between 
adults with and without burn injury.242

Patient-controlled analgesia (PCA) with intravenous 
opioids has been shown to be a safe and effective method of 
opioid delivery for acute or procedure-related pain in both 
children and adults with burn injury.243-246 PCA also pro-
vides benefit by allowing the patient to retain some degree 
of control over his/her medical care (i.e., control coping).

The analgesic efficacy of opioids decreases with time 
resulting in the need for increasing dosage requirements to 
achieve an equivalent effect. Opioid tolerance, a diminished 
opioid anti-nociceptive effect following repeated exposure to 
opioid, may be apparent as early as after 1 week of uninter-
rupted opioid use.175 It is not uncommon for these patients to 
manifest opioid tolerance requiring dosage amounts that far 
exceed standard textbook recommendations.248 Studies with 
burned animals have suggested intrinsic pharmacodynamic 
opioid receptor alterations. These include desensitization and 
downregulation in µ-opioid receptors, and upregulation of 
protein kinase C-) and N-methyl-D-aspartate (NMDA) recep-
tors.249 In view of the NDMA upregulation following burns, 
it is not surprising that ketamine requirements to anesthetize 
patients also are increased following burn injury.250 Adverse 
effects of opioids, such as respiratory depression, acute opi-
oid tolerance, and hyperalgesia, particularly with the need 
for rapidly escalating doses, have generated increasing atten-
tion to multimodal strategies. Clonidine, dexmedetomidine, 
ketamine, and methadone have been found to be effective in 
the treatment of pain in patients with extreme tolerance to 
morphine.251,252

A variety of non-opioid analgesics are useful for treating 
burn pain since their benefit and side effect profiles differ 
from opioid analgesics (Table 87.2).!
NSAIDS
Acetaminophen and nonsteroidal antiinflammatory drugs 
(NSAIDs) are useful first-line analgesics for minor burns.253 
However, NSAIDs and acetaminophen exhibit a ceiling 
effect in their dose-response relationship, rendering them 
inadequate as a single agent for the treatment of severe 
burn pain. NSAIDs can also have deleterious effects includ-
ing bleeding risk, gastrointestinal, cardiovascular, and 
renal complications. As a consequence, NSAIDs are gener-
ally avoided in patients with major burns.!
!2 Agonists
Clonidine or dexmedetomidine (%2-adrenoceptor ago-
nists) can be useful analgesic adjuncts without causing 
respiratory depression.254 However, the %2-adrenoceptor 
agonists can cause hypotension in higher doses and in the 
presence of hypovolemia; therefore these should not be 
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given to hemodynamically unstable patients. Dexmedeto-
midine has been used to provide sedation–analgesia for 
burned patients and to decrease opioid requirements.255 
However, %2 agonists have also been reported to increase 
excitability of heat-sensitive cutaneous nociceptors but the 
clinical relevance of this finding in burn patients remains 
unclear.256 The use of dexmedetomidine has recently 
been reported to reduce the risk of developing delirium 
when used for ICU sedation, especially in comparison to 
benzodiazepines.257!
Anxiolytics
The recognition that anxiety can exacerbate acute pain 
has led to increased use of anxiolytic drugs in combination 
with opioid analgesics. The combination of benzodiaz-
epines and opioids is particularly useful in premedicating 
patients for wound care to help reduce the anticipatory 
anxiety related to such procedures. Patients most likely 
to benefit from this combined treatment are those with 
either high anxiety at the time of the procedure or high 
baseline pain scores.258 The tolerance to opiates seems to 
be exaggerated by long-term administration of the benzo-
diazepine, midazolam.259!
Gabapentin
Gabapentin is an anticonvulsant that has increasingly been 
used for chronic and neuropathic pain, and as an adjunct 
pain medication that may play a role in modulating central 
sensitization and hyperalgesia. Several studies have shown 
gabapentin to be a beneficial addition to an opioid analgesic 
regimen in this population.260,261!
Ketamine
Ketamine is a dissociative anesthetic that induces rapid 
and profound sedation, analgesia, and amnesia. It causes 
functional dissociation between the limbic and the corti-
cal systems, producing a trance-like cataleptic state that 
impairs sensory recognition of painful stimuli and mem-
ory. In addition, by acting as a noncompetitive NMDA 
receptor antagonist, it is thought to both prevent the 
induction of central pain sensitization and its windup, 
thereby reducing the development and maintenance of 
opioid tolerance and hyperalgesia. Ketamine is a widely 
used analgesic agent in all stages of burn injury, both pri-
marily and as an adjunct to other analgesic regimens.262 
Intravenous ketamine is commonly used for procedures 

requiring deep sedation such as dressing changes and line 
placement because of its rapid onset and short duration of 
action, which is due to rapid redistribution. Intravenous 
ketamine infusions can be continued safely in the ward 
environment after discharge from ICU. Ketamine can also 
be used for long-term administration although tolerance 
develops with time. The other advantage is that it can be 
weaned rapidly without adverse consequences even after 
long-term use.263

Ketamine has many potential advantages for induction 
and maintenance of anesthesia in burn patients.264 Ket-
amine is associated with hemodynamic stability, preserva-
tion of hypoxic and hypercapnic responses, and decreasing 
airway resistance. Ketamine may exert beneficial antiin-
flammatory effects in patients with burns and or sepsis. 
Also, by causing peripheral vasoconstriction, ketamine 
may be advantageous for patients at risk for hypother-
mia.265 Whether peripheral vasoconstriction occurs in 
patients with major burns, and whether this causes a reduc-
tion in blood loss, is unknown. It is important that bolus 
doses of ketamine can cause hypotension in some patients 
with burn injury, despite ketamine-induced catecholamine 
release. This occurs because of the persistently high levels 
of catecholamines in these patients that result in desensi-
tization and downregulation of (-adrenoreceptors.266 As a 
result, direct myocardial depressant effects of ketamine can 
manifest.

Another important feature of ketamine is that, unlike all 
other anesthetic agents, muscle tone and protective airway 
reflexes are preserved. Consequently, ketamine may be the 
agent of choice if one wishes to avoid manipulation of the 
airway (e.g., after placement of fresh facial grafts, for stent 
or dressing removal, for brief procedures such as dressing or 
line changes, or for patients with TENS).

Ketamine administration can result in a number of side 
effects including nausea and vomiting, hallucinations, 
mood alteration, bizarre dreams, and emergence delirium, 
which tend to occur when ketamine is used as a single 
agent, when given in large doses, and if administered rap-
idly. The administration of a benzodiazepine in combination 
with ketamine has been shown to decrease the frequency 
and severity of emergence reactions.267!
Regional Anesthesia
Regional anesthesia can be advantageous in targeting 
specific aspects of burn-injury pain. In its simplest form, 

TABLE 87.2 Sedation and Analgesia Treatment Guideline

Stage of Injury Background Anxiety Background Pain Procedural Anxiety Procedural Pain

Acute burn mechanically 
ventilated

Midazolam infusion or
Dexmedetomidine infusion
Antipsychotics
Propofol infusion

Morphine infusion Midazolam bolus
Dexmedetomidine at higher  

infusion rates
Antipsychotics
Propofol boluses

Morphine bolus
Ketamine IV

Acute burn not mechani-
cally ventilated

Scheduled lorazepam PO or IV or 
Dexmedetomidine

Scheduled morphine 
PO or IV

Lorazepam PO or IV Morphine PO or IV

Chronic acute burn Scheduled lorazepam or  
antipsychotics (PO)

Scheduled morphine  
or methadone

Lorazepam or antipsychotics  
(PO)

Morphine PO or 
oxycodone

IV, Intravenous; PO, per os (orally).
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regional anesthesia may be tumescent local anesthesia 
injected into a donor site prior to harvesting or it can take 
the form of subcutaneous catheter infusions, peripheral 
nerve blocks, or central neuraxial blockade.268–271 While 
regional anesthesia can be the primary anesthetic manage-
ment for surgical burn care, it is frequently also utilized as 
an analgesic adjunct, enabling opioid sparing and improved 
postoperative analgesia. Placement must take into consid-
eration that skin donor sites and injury sites are often in 
different anatomic locations and that patients often have 
more intense postoperative pain from the split-thickness 
skin donor site than from the grafted burn wound.

Central neuroaxial techniques (spinals, epidurals) have 
been used with good effect as both primary anesthetics and 
postoperative adjuncts.272-274 However, fear of meningeal 
spread in patients densely colonized with infectious organ-
isms, reluctance to inserting a needle through burned tis-
sue, and anatomic surgical incompatibilities (e.g., the need 
to graft lower extremities but donor sites are on upper 
extremities or trunk) may limit their use. There are no 
reports suggesting epidural abscesses are more common in 
burn patients, but reports have suggested that intravascu-
lar catheters are more likely to become infected if placed in 
or near burned tissue.275 Administration of local anesthet-
ics (and/or opioids) via an epidural catheter would seem to 
be of benefit in patients with lower extremity burns, result-
ing in both background and procedural analgesia, as well 
as autonomic sympathectomy and peripheral vasodilation.

Truncal blocks (paravertebral and transversus abdomi-
nis plane [TAP] can be very useful to provide analgesia for 
donor-site harvesting, and both block techniques are also 
amenable to placement of catheters to extend duration of 
postoperative analgesia.276 As for central neuraxial cath-
eters, there are theoretical concerns of increased infection 
with placement of a foreign body (i.e., catheter) in these 
patients, but such infections have not been reported. It is 
also likely that infection from a paravertebral or TAP cath-
eter would be a less catastrophic event than an infection 
from a central neuraxial catheter (e.g., epidural abscess).

The lateral femoral cutaneous nerve is particularly well 
suited to block because it is exclusively a sensory nerve and 
innervates an area (the lateral thigh) that is frequently cho-
sen for split-thickness skin grafts.277,278 Sometimes there 
is a need to cover the anterior and medial thigh due to the 
extent of skin harvest, and therefore a fascia iliaca block can 
also be performed.

The pharmacology of local anesthetics in burn injury 
patients may be altered by changes in hepatic function, pro-
tein binding, and volumes of distribution.279 The incidence 
of adverse effects of local anesthetics or tolerance does not 
appear altered in the burn patient, per se, but caution is 
advised in the use of these potentially neuro/cardiotoxic 
agents in critically ill burn patients. Recent advances in local 
anesthetics, such as liposomally enclosed lidocaine and bupi-
vacaine, have the potential to offer longer duration of action 
with greater safety (i.e., local anesthetics stay locally), but 
studies specific to burn patients have yet to be performed.280!
Muscle Relaxants
Muscle relaxant pharmacology is significantly and consis-
tently altered after burn injury.281 Exposure to succinylcho-
line can result in an exaggerated hyperkalemic response, 

which can induce cardiac arrest. The current recommenda-
tion is to avoid succinylcholine administration in patients 
48 to 72 hours after burn injury.282,283 An increase in the 
number of extrajunctional acetylcholine receptors that 
release potassium during depolarization with succinylcho-
line is the cause for increased hyperkalemia. The duration 
of the hyperkalemic response most likely varies with the 
severity of the injury and accompanying critical illness, and 
the extent of muscle recovery. The presence of aggravating 
factors such as disuse (contractures), immobilization due 
to long-term bed rest, inadequate nourishment, and pos-
sibly ICU myopathy may also contribute to these changes 
and would likely make the potential of hyperkalemia more 
likely.281 Almost paralleling the hyperkalemia to succinyl-
choline, there is concomitantly a decreased sensitivity to the 
neuromuscular effects of nondepolarizing muscle relaxants 
(NDMRs). Resistance to NDMRs has been reported in pediat-
ric patients 463 days after burn injury, suggesting that the 
hyperkalemic response to succinylcholine could also persist 
for more than a year.284 Although a hyperkalemic response 
to succinylcholine may be seen, whether lethal levels would 
be reached is unknown after such a long period. Whether 
small doses (0.1 mg/kg) of succinylcholine, as might be 
used for treatment of laryngospasm, would result in less 
hyperkalemia has been inadequately studied.285

NDMRs are the relaxants of choice in burn patients. 
However, the dose and duration of onset required to 
achieve effective paralysis can be substantially increased 
while the duration of paralysis is reduced. The etiology of 
the altered response to NDMRs is multifactorial: (1) upregu-
lation of acetylcholine receptors, including upregulation 
of fetal and %7 (neuronal type) acetylcholine receptors at 
the muscle membrane; and (2) increased binding to AAG 
and, enhanced adrenal and hepatic elimination of the 
NDMRs.286,287 Resistance to the effects of NDMR is highly 
correlated with the magnitude of the burn and time after 
burn.288

Rocuronium is the drug of choice in burn patients when 
rapid onset of paralysis is necessary and succinylcholine is 
contraindicated. An increased rocuronium dose of 1.2 to 
1.5 mg/kg for rapid sequence induction has been recom-
mended in patients with major burn injury.289,290 It must 
be noted, however, that even with a dose of 1.5 mg/kg of 
rocuronium, the onset time to effective paralysis approxi-
mates 90 seconds in burned patients compared with less 
than 60 seconds in nonburned patients with a dose of 0.9 
mg/kg (Fig. 87.5). Even at the higher doses, the duration of 
action of rocuronium can be quite variable; therefore moni-
toring of neuromuscular function is essential to specifically 
determine the dose requirement and the adequacy of rever-
sal in patients with major burns. Preliminary evidence sug-
gests that sugammadex, a modified cyclodextrin used for 
reversal of rocuronium- and vecuronium-induced nonde-
polarizing muscle block, can be used in burn patients, with 
recovery times for muscle activity similar to that in other 
types of patients.291

Atracurium, broken down by organ-independent path-
ways (e.g., Hofmann elimination), also exhibits reduced neu-
romuscular effect following burns.292 This suggests that the 
major component to resistance to NDMRs is pharmacody-
namic in nature. No research study has specifically addressed 
the effect of cisatracurium following burn injury. However, it 
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can be inferred that cisatracurium may, too, have an altered 
pharmacodynamic profile, and dosing should be adjusted 
accordingly. Pharmacologic reversal of neuromuscular 
blockade with acetylcholine esterase inhibitors (e.g., neo-
stigmine) poses no special problems in patients with burn 
injury.283 Recovery of neuromuscular blockade has been 
observed at serum concentrations that would cause 100% 
twitch depression in nonburned patients.!

FLUID MANAGEMENT AND BLOOD LOSS 
DURING EXCISION

Intraoperative fluid administration must be carefully opti-
mized so as not to under-resuscitate or over-resuscitate, 
both of which may lead to further complications in the 
postoperative period. Considerations for intraoperative 
fluid management include the magnitude of burn excision 
(large excisions incur more blood loss), the depth of burn 
(partial-thickness burn excisions involve more blood loss 
than full-thickness burn excisions or fascial excision), the 
specific hemostatic techniques used (e.g., topical or subcu-
taneous epinephrine), and the volume of tumescent fluid 
administered. Injection of tumescent fluid into the burn or 
donor site should be minimized in the very young as grad-
ual absorption of the tumescent fluid several hours later can 
lead to pulmonary edema.294

Correction of intravascular volume before induction of 
anesthesia is essential. Good communication between the 
surgical and anesthesia teams and limiting the operative 
duration and extent of excision can prevent such problems. 
Blood should be readily available before extensive burn 
excision is initiated.

Surgical excision of burn wounds is often associated with 
substantial bleeding. The hyperdynamic circulation and 
the inflammation-induced hyperemia exaggerate the blood 
loss. Published estimates of the amount of blood loss dur-
ing burn excision operations are in the range of 3.5% to 

5% of the blood volume for every 1% TBSA excised.295 It 
is not uncommon for the surgical team to remove eschar 
so rapidly that the patient becomes hypovolemic and hypo-
tensive. Increased blood loss also occurs because diffuse 
bleeding is used as an endpoint for excision, informing the 
surgeon that the tissue is viable. It is difficult to estimate 
blood loss during burn excision because shed blood cannot 
be efficiently collected in a suction canister, sponges may be 
presoaked with hemostatic agents, and substantial bleed-
ing can continue unobserved beneath bulky dressings. As 
with the initial resuscitation, there is no single physiologic 
endpoint to rely on for titrating fluid replacement. Clini-
cal judgment remains a vital component, using markers of 
hypoxemia, perfusion (base deficit, serum lactate), erythro-
cyte mass, coagulation, and pulse or arterial waveform as 
key assessment tools. In clinical practice, serial hemoglobin 
measurement in euvolemic patients is commonly used to 
determine the need for intraoperative transfusion. Rather 
than focusing on a single transfusion trigger, blood compo-
nent therapy should be reserved for patients with a dem-
onstrated physiologic need. Anticipation of continued blood 
loss may indicate transfusion to prevent significant anemia 
rather than waiting to treat it when it occurs.

Recent experience with civilian and military trauma 
with massive bleeding has demonstrated that mortality is 
decreased with an earlier and more aggressive administra-
tion of fresh-frozen plasma.296 Criteria for massive bleeding 
include loss of total blood volume in 24 hours, 4 units of 
packed erythrocytes transfused in an hour, or ongoing loss of 
more than 150 mL of blood per minute and are not unusual 
for patients with large burns during burn wound excision. 
Although clinical experience with burn patients undergoing 
fluid resuscitation is not exactly equivalent to hemorrhagic 
shock of nonburned trauma patients, it is logical to assume 
that more aggressive use of fresh-frozen plasma to prevent 
development of coagulopathy may also benefit the burn 
injury population who also experience massive hemorrhage. 
The use of platelet transfusion may also be indicated in situ-
ations with larger losses, but endpoints for such transfusions 
remain unclear. Targeted correction of coagulopathy using 
thromboelastometry may reduce transfusion requirements 
during surgical burn wound excision as it may indicate 
which blood product is needed.297

Surgical hemostasis should be maintained during the 
burn wound excision in order to limit complications, sus-
tain hemodynamic stability, and limit the number of blood 
transfusions necessary. Increased transfusion requirement 
is associated with poorer outcomes. Several methods have 
been used to maintain hemostasis, including topical appli-
cation or subcutaneous infiltration of the burn wound and 
donor sites with diluted epinephrine solutions, limb eleva-
tion and use of tourniquets for extremity surgery, use of 
compression dressings, and topically applied thrombin and 
fibrinogen. In addition, a brisk operative pace is beneficial.!

TEMPERATURE MANAGEMENT

Patients with major burn injury have an impaired ability for 
thermoregulation and therefore require close monitoring of 
body temperature. The anesthetic-induced vasodilatation 
and surgical preparation with alcohol may aggravate the 
heat loss. The inflammatory response to large burns causes 
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Fig. 87.5 Dose-response curves and time to maximal effect of 
rocuronium in adult burned and non-burned patients. Dose ver-
sus time to percent twitch suppression for rocuronium in control sub-
jects and burned subjects of mean 40% total body surface area (TBSA) 
burn and studied at least 1 week after burn. In unburned patients the 
rocuronium dose of 0.9 mg/kg caused 95% twitch suppression in '60 
seconds. The same dose has an onset of >120 seconds following major 
burn. Increasing doses of rocuronium shifted dose-response curves to 
the left. However, even with 1.5 mg/kg dose, the onset was still >90 
seconds. TOF ratio refers to train-of-four ratio recorded in muscle dur-
ing 2 Hz nerve stimulation.
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an increase in the hypothalamic core temperature set 
point and the metabolic rate is increased to maintain this 
increased temperature. Hypothermia is therefore poorly 
tolerated as it causes an exaggerated increase in oxygen 
consumption and exacerbates the catabolic response to the 
injuries. Consequences of hypothermia during burn exci-
sions also include decreased cardiac output, arrhythmias, 
abolition of hypoxic pulmonary vasoconstriction, left shift 
of the hemoglobin dissociation curve, interference with the 
normal blood coagulation mechanisms, and reduction of 
hepatic and renal function, as well as the reduced effect of 
inotropes. Intraoperative hypothermia (<36.0°C) has been 
associated with significantly increased blood loss, wound 
infection, and acute lung injury during burn surgery.298,299 
Postoperative consequences of hypothermia include shiver-
ing, impairment of drug clearance, and masking of hypo-
volemia. Furthermore, shivering can dislodge grafts and 
increase oxygen consumption by up to 500%, resulting in 
increased demand on the cardiopulmonary system as well 
as altering nutritional needs.300

Maintaining body temperature in these patients is chal-
lenging. Multiple strategies are used to maintain body tem-
perature in the operating room, including use of forced-air 
warming blankets, thermal water mattresses, blood/fluid 
warmers, minimizing skin surface exposure, and wrap-
ping the head and extremities with plastic or thermal 
insulation.298 From an efficacy perspective, water-based 
mattresses, which provide convection heating, have a sig-
nificant advantage.302 Temperature in the operating room 
is commonly maintained at 80°F to 100°F (27°C-38°C), 
depending on the age and severity of the burn. Although a 
hot operating room can be uncomfortable for the operating 
room staff, it is often essential for maintaining the patient’s 
temperature. The ambient temperature of the preinduc-
tion area should also be maintained at above-normal levels 
and patients should be covered with warm blankets dur-
ing transport. Children have greater surface-area-to-body-
weight ratios, resulting in more rapid heat loss.!

SURGICAL CONSIDERATIONS

A general understanding of surgical management is very 
important for planning and perioperative management of 
the patient with burn injury. An appropriate surgical plan 
takes into account the extent, site, and depth of the burn 
injury; the general physical state of the patient; and the 
resources of the team treating the patient.303 Typically, the 
first excision will be undertaken within the first 72 hours 
after injury (early excision). Early removal of necrotic tissue 
in patients with major burn injury has been associated with 
reduced complications including decreased infection rates, 
improved cardiac function, decreased overall blood trans-
fusions, reduced hypermetabolic response, and decreased 
overall mortality.304,305 However, in some cases it may be 
delayed until later in order to improve patient stability and/
or determine how much of the burn will heal by second-
ary intention without need for surgery. The first excision is 
aimed at excision and coverage of a large portion of deep 
burn, and the largest areas that can be safely excised are 
chosen. Typically, these would be the front or back of the 
trunk, or large areas on the limbs. For some patients, up 
to 50% TBSA can be safely excised in one operation, with 

significantly less blood loss and hypothermia. However, 
for patients with comorbidities or systemic instability, the 
safest course is often to carry out repeated, more modest 
excisions spaced a few days apart until all of the full thick-
ness burn is excised (staged excision). The extent of excision 
should be planned to allow the greatest advantage of avail-
able autograft or allograft skin, so that the wound may be 
closed immediately after burn excision. Adequate wound 
closure also promotes optimal hemostasis after excision. 
The surgeon must continually monitor the procedure in 
case the patient becomes unstable and a need to abort sur-
gery becomes evident, which requires close communication 
with the anesthesiologists.

The most important concept with excision of burn eschar 
is that debridement should be carried down to a level where 
only viable tissue remains. Burn wound excision can be per-
formed as either tangential or fascial excision.303 Tangential 
excision removes the burn eschar in a serial fashion to a depth 
of viable tissue capable of accepting a skin graft, which allows 
for preservation of as much viable tissue as possible and usu-
ally provides a better cosmetic outcome than fascial excision. 
Fascial excision involves a full-thickness excision of skin and 
subcutaneous tissue down to the level of muscle fascia. Fascial 
excision is usually reserved for large, life-threatening burns 
where there is a need for rapid excision and is not uncommon 
in the older population. Advantages of fascial compared with 
tangential excision include its ease of dissection, less blood loss, 
and a well-vascularized fascial layer for skin graft placement. 
Disadvantages include contour deformities, permanent loss of 
all cutaneous sensation, and removal of lymphatics leading to 
lymphedema distal to the excision.

After excision or debridement of the burn wound, it is 
essential that the wound bed be covered since it creates a 
potential open portal for invasive infection. In addition, 
massive fluid, electrolyte, and protein loss may occur from 
the debrided burn wounds. Autografting is the optimal cov-
erage; however, in massive burns either allograft or skin 
substitutes may be used to temporize the wound bed until 
autograft donor sites become available. Temporary skin 
substitutes provide transient physiologic wound closure 
giving protection from mechanical trauma, minimizing 
evaporative water and heat losses, and acting as a physical 
barrier to bacteria. These skin substitutes can also be used 
as a dressing on donor sites to decrease pain, enhance epi-
thelialization, and provide temporary closure while await-
ing the healing of underlying, and at times, larger injuries 
of widely meshed autografts. No ideal permanent skin sub-
stitute exists at present, although a number of techniques 
are in use, including cultured epithelial cells and dermal 
analogs.306,307!

Postoperative Care

Important postoperative considerations for burn injury 
patients include whether to extubate in the operating room, 
safe transport to the ICU, transfer of care to the ICU staff, and 
control of postoperative pain. A phone call to the burn unit 
should be made in advance before completion of the surgi-
cal procedure in the operating room to allow the care team 
adequate time to warm the room and to obtain necessary 
supplies and equipment (e.g., infusions, ventilator) that will 
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be needed on the patient’s arrival to the burn unit. Trans-
port of the patient to and from the operating room requires 
a systematic approach to optimize the patient’s physiologic 
status safely. Monitors appropriate to the patient’s physi-
ologic status, transport oxygen with appropriate respiratory 
support, a plan to keep the patient warm, adequate transport 
staff, resuscitation drugs, and an easily available intravenous 
drug administration site are all necessary for safe transport. 
Patients requiring mechanical ventilation during transport 
need at least two anesthesia personnel or an anesthesia pro-
vider and another clinician to manage ventilation, observe 
the monitors, and administer medications during transport. 
Because patient agitation and extubation during transfer can 
be disastrous, providing adequate sedation and analgesia are 
essential during intrahospital transport and moving patients 
to or from the bed to the stretcher or to the operating table. 
Hypothermia during transport should be minimized.

Postoperatively, burn injury patients are likely to be less 
stable physiologically compared with the preoperative 
period. Continued bleeding may be concealed by dressings, 
the patient may be more prone to hypothermia, emergence 
may be associated with delirium, and analgesic requirements 
will be greater. During this period of exaggerated physiologic 
fragility, it is important to be especially vigilant during trans-
fer of the monitors, and respiratory and hemodynamic sup-
port equipment to the ICU staff. Patients should recover in a 
prewarmed room as considerable heat loss can develop dur-
ing transport. Radiant heaters, fluid warmers, and warming 
blankets are useful in maintaining normothermia.

The decision to extubate in the operating room depends 
on standard criteria with concerns specific to burn patients, 
including an assessment of airway patency, metabolic 
status, intraoperative fluid volumes, potential for ongo-
ing bleeding, and when the patient will return for further 
surgery. Postoperative mechanical ventilation is generally 
indicated in patients with preoperative mechanical ventila-
tion, as well as those undergoing delicate sheet grafting to 
the face/neck, in an effort to minimize motion and graft dis-
ruption in the initial postoperative days.

Inadequate control of pain and anxiety can adversely 
affect postoperative care increasing hemodynamic insta-
bility, causing asynchrony with mechanical ventilation, 
impairing wound healing, and negatively impacting psycho-
logical well-being. The presence of newly excised tissue and 
harvested donor sites are very painful. Burn-injured patients 
become quite tolerant of sedatives and analgesics over time, 
and thus doses substantially larger than normal doses may 
be required especially in the postoperative period.308 Admin-
istering intravenous bolus doses of ketamine (approximately 
0.25 mg/kg) may at times work well to break through per-
sistent pain postoperatively that seems unresponsive to 
opioids.309 The subcutaneously administered fluid and vaso-
pressors are slowly absorbed in the postoperative period and 
hypertension and pulmonary edema has been noted.!

Pain Management

Management of burn-related pain is extremely challenging 
and may change in intensity and quality over time through the 
multiple stages of healing.310 Background pain is most often 
less of a challenge compared to mobilization pain. All aspects 

of burn care (e.g., dressing changes, excision and grafting pro-
cedures, physical therapy, and line insertion) are associated 
with pain. There can be ongoing background pain, periodic 
breakthrough pain, procedure-related pain, and eventually, 
chronic pain can develop.311 Furthermore burn-related pain is 
frequently undertreated in both adults and children, especially 
with dressing changes and wound care.312,313 Not uncom-
monly pain may occur in combination with pruritus.314

The painful and distressing trauma of burn injury often 
causes fear and anxiety in patients, which can complicate 
their acute care and rehabilitation, and potentially contrib-
ute to increased morbidity, mortality, and length of stay. 
Inadequate treatment of anxiety and pain that lead to post-
traumatic stress disorder has been reported to occur in up to 
30% of patients with severe burn injury. Undertreated pain 
may also contribute to the development of chronic pain.

The mechanism of pain in burn injury patients is multifac-
torial and involves the inflammatory cascades and pathways 
that form part of the pathophysiologic process following 
tissue damage and nerve injuries.315 Excess production of 
mediators, including calcitonin gene-related peptide and 
substance P, and activation of NMDA receptors can cause 
sensitization of A-delta and C sensory nerve fibers.316 As a 
result of these processes, patients may develop primary and 
secondary hyperalgesia, causing an altered or increased sen-
sitivity to painful stimuli.317 Even normal skin can develop 
abnormal sensitivity. Repeated tissue trauma and painful 
stimuli, such as during excision and grafting procedures 
and during frequent dressing changes, in conjunction with 
inflammatory processes and infection, can result in neuro-
plastic adaptations within the CNS, particularly leading to 
hyperexcitability of the dorsal horn of the spinal cord. Pain 
afferent sensory impulses undergo facilitation and amplifica-
tion to a given stimulus, contributing to the generation and 
maintenance of chronic or persistent pain. Furthermore, 
these patients often show an altered pharmacodynamic and 
pharmacokinetic drug response, requiring a highly individu-
alized pain management plan and effective management 
often requires multiple treatment modalities.

To provide appropriate, consistent patient comfort, stan-
dardized pain and anxiety guidelines are used in many 
burn centers.318,319 The effectiveness of the guideline-based 
approach to pain and anxiety is well established. These 
guidelines often call for a multimodal approach including 
the use of opioid and nonopioid analgesics, individual titra-
tion, explicit recommendations for drug selection, dosing, 
and increases in dosing, use of consistent, accurate, age-
appropriate pain assessment tools, a limited formulary to 
promote staff familiarity with drugs used, and continuous 
reassessment of the guideline itself. Nonpharmacologic 
techniques may be helpful as analgesic adjuncts in reduc-
ing pain and anxiety throughout the acute and rehabili-
tation stages of healing. Such methods include cognitive 
behavioral therapy, distraction, relaxation techniques, vir-
tual reality, and hypnosis.320,321

Anesthesia providers assume an essential role in devel-
oping and refining analgesic guidelines, coordinating the 
multidisciplinary pain management team, and aid in the 
education of burn unit staff and patients. Education on pain 
assessment, pain control, medications, and adverse effects 
may take the form of consultant-led pain rounds, teach-
ing sessions, and/or rolling training programs, which have 
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been shown to be effective in improving pain assessment 
and provision of analgesia.322

As burn wounds are closed, the painful stimuli decrease 
and the need for analgesics is gradually reduced. When a 
patient is being weaned, opioids and other sedative doses 
should be gradually decreased to prevent withdrawal symp-
toms and still provide adequate analgesia and anxiolysis.323 
Patients may be safely extubated while still receiving opioid 
infusions. Pruritus is a common and often distressing prob-
lem for these patients during the healing process.324 It can 
be debilitating and interfere with sleep, activities of daily 
living, and may cause additional tissue damage from the 
scratching of healing or thin epithelium and newly grafted 
skin leading to increased pain.325 The causes of pruritus 
are multifactorial, often being triggered or worsened by 
opioids, heat, physical activity, and stress. Pruritus usually 
diminishes gradually with time but sometimes persists even 
after complete wound healing. A variety of approaches can 
control itching including systemic antihistamines, moistur-
izing lotions, and wearing loose-fitting clothing. Centrally 
acting drugs such as gabapentin and pregabalin may also 
be beneficial in ameliorating pruritic symptoms.326!

Conclusion

Burn injury patients pose a myriad of challenges to acute and 
perioperative care. Despite significant advances in therapeu-
tic strategies, such as improving resuscitation, enhancing 
wound coverage, appropriate infection control, and improv-
ing treatment of inhalation injury, severe burns remain a 
devastating injury affecting nearly every organ system and 
leading to significant morbidity and mortality. The decreasing 
incidence of burns in developed countries reduces exposure 
to burn-injured patients and underlines the need for ensur-
ing adequate training in burn care by acute and perioperative 
providers. Anesthesiologists are often called on to care for burn 
injury patients through their hospitalization including acute 
airway management and resuscitation, intraoperative anes-
thetic care, intensive care, and management of postoperative 
pain. To optimally care for this challenging patient population 
requires understanding, appreciating, and anticipating the 
unique preoperative, intraoperative, and postoperative issues 
and problems of the burn injury patient that predispose them 
to increased morbidity and mortality.

 Complete references available online at expertconsult.com.
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