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Introduction

Approximately 500,000 people seek medical
attention annually for burn injuries in the United
States. About 10% of those patients are hospital-
ized for their burns [1]. Although burns continue
to be a major source of morbidity and mortality,
improvements in care over the last 40 years have
significantly reduced this burden. Many of these
patients end up in the operating room for care of
their burns. On arrival in the operating room,
these patients have significant differences in
physiology from the typical patient that should
be understood by the treating anesthesiologist.
Significant concerns in fluid management, air-
way management, and cardiovascular changes all
present challenges in the initial management of
burn patients in the emergency department, the
intensive care unit, and in the operating room. In
addition, pain management and sedation require-
ments may require further care by an anesthesi-
ologist outside of the operating room. It is
important to have an appreciation of the physiol-
ogy of burn injury to better care for those burn
patients and improve outcomes.
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Burn Physiology

Burn injury is categorized by the depth of injury
to the dermis and subcutaneous tissues as well as
the percent of body surface area involved.
Superficial burns (first degree) involve only the
epidermis and do not cause significant morbidity
or mortality. Partial thickness burns (second
degree) involve only dermis and epidermis. Full
thickness burns involve all skin layers. Full thick-
ness burns are more likely to lead to scarring.
Percent of total body surface area (TBSA) involv-
ing at least second degree burns is a strong pre-
dictor of degree of morbidity in burn patients [2].
The total body surface area involved can be
calculated wusing the Lund Brower chart.
Alternatively, the simple rule of nines can be
used [3]. Severe burn injury is categorized as
patients with >10% TBSA burn injury in children
and >25% TBSA burn injury in adults.

Severe burn injury results in significant tissue
destruction and an immediate systemic inflam-
matory response [4]. The initial injury breaks
down the body’s natural barrier to infection and
alters both fluid and heat regulation. Rapid fluid
losses occur due to evaporative loss from the burn
surface as well as increased vascular permeabil-
ity. Patients often can develop significant hypo-
thermia both due to evaporative loss and the loss
of homeostatic thermoregulators. The systemic
response affects not simply the burned tissue, but
tissues throughout the body. Patients can develop
pulmonary and cerebral edema from increased
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permeability, acute respiratory distress syndrome
(ARDS), and renal failure from fluid shifts and
severe hypovolemia. The systemic response to a
burn injury can be predicted in two phases. The
initial phase of burn shock (ebb phase) begins
immediately and lasts for approximately the first
48 h. After this, a hypermetabolic (flow) phase
begins that can last months after the burn injury
(Table 78.1) [3]. An understanding of these
changes is key to management of these patients
throughout their injury course.

Burn Shock Physiology

Significant burn injury causes a release of inflam-
matory mediators at the site of the injury. These
mediators lead to significant capillary leak. In a
small burn this leads to localized edema at the
burn site. With larger burns this cascade of
inflammation creates systemic capillary leak
leading to loss of intravascular fluid and burn

shock [5]. The flow of plasma out of the vascular
space leads directly to hemoconcentration and
requires significant fluid resuscitation to maintain
circulating volume. The large volume fluid resus-
citation continues to leak into the extravascular
space and cause complications associated with
edema including respiratory failure and compart-
ment syndrome. Despite adequate resuscitation,
patients initially have an elevation in their hema-
tocrit. Without concomitant trauma, these patients
rarely require blood product transfusion in their
initial presentation.

Many formulae exist to calculate the appro-
priate volume for fluid resuscitation for burns;
the most famous is the Parkland Formula
(4 mL x Ideal body weight x %TBSA with %2
given over the first 8 h and the remainder given
over the following 16 h) [6]. The Parkland for-
mula tends to overload patients with fluid, lead-
ing to increased incidence of compartment
syndrome and edema. Other rules have been
suggested including the rule of ten’s

Table 78.1 Effect of burns on different organ systems, both resulting from shock and increased metabolism

Burn shock

Hypermetabolism

Cardiovascular Hypovolemia

Increased cardiac output

Decreased cardiac output

Increased resting heart rate

Increased systemic vascular resistance (SVR)

Hypertension

Decreased venous oxygen saturation (SvO,)

Decreased SVR
Increased SvO,
Altered myocardial contractility

Respiratory Pulmonary edema ARDS
Airway edema Pneumonia
Inhalation injury Tracheal stenosis
Inhalation injury
Hematologic Hemoconcentration Anemia
Thrombocytopenia Thrombocytosis
Coagulopathy
Renal Decreased glomerular filtration rate (GFR) Increased GFR
Oliguria Tubular dysfunction
Myoglobinuria
Hepatic Decreased perfusion Increased perfusion
Increased drug clearance
Neurologic Increased intracranial pressure Delirium
Cerebral Edema PTSD
Other Generalized edema Increased core body temperature

Compartment syndrome

Muscle catabolism

Increased metabolic rate

Insulin resistance




78 Anesthesia and Burns

767

(10 mL/h x %TBSA = hourly rate) [7] or the
modified Brooke formula (2 mL x ideal body
weight x %TBSA with V2 given over the first § h
and the remaineder over the following 16 h) [8].
These calculations should be used only to deter-
mine an initial rate for fluid resuscitation, more
fluid does not necessarily decrease mortality.
Resuscitation should then be titrated to physio-
logical endpoints, most commonly urine output.
The rate should be adjusted hourly based on the
patient’s urine output. Algorithms for resuscita-
tion often aim for a goal urine output of
0.3—1 mL/kg per hour [9]. Impaired renal func-
tion may prove difficult for titration of fluid
resuscitation. Other markers of resuscitation can
be used for a more complete picture. In large
burns, an arterial line may be placed for close
monitoring of hemodynamics. This also allows
the use of pulse contour analysis. Stroke volume
variation as well as central venous pressure can
be followed as a trend to evaluate adequacy of
volume resuscitation. Cardiac evaluation can be
easily performed with bedside ultrasonography.
If evaluation of resuscitation is complicated or
confusing, a pulmonary artery catheter may be
helpful. In burn patients, it is important to avoid
fluid boluses; rather, adjust hourly fluid rate to
achieve adequate circulating volume without
fluid overload. Initial resuscitation should be
done with crystalloid solutions; usually Lactated
Ringers or Plasmalyte solution is recommended.
Albumin infusion may reduce mortality and
incidence of compartment syndrome if patients
are exceeding their predicted fluid resuscitation
volume [10].

Inadequate volume resuscitation will cause
hypovolemic shock and multi-organ dysfunction.
Some lab markers that may be useful to trend
include lactate and base deficit. Complete blood
counts should also be followed monitoring for
both anemia and hemoconcentration. Arterial
blood gases will be helpful as patients with
hypermetabolism may require higher than
expected minute ventilation. Over resuscitation
can increase morbidity and mortality. Risks are
related to volume overload and increased vascu-
lar permeability. Complications of over resuscita-
tion include pulmonary edema, respiratory

failure, pericardial and pleural effusions, abdom-
inal and limb compartment syndromes, and ileus
[6, 11, 12]. Vasopressors may be required to
avoid over resuscitation and complications from
volume overload. Patients may require escharot-
omies to prevent compartment syndrome. If there
is a concern for abdominal compartment syn-
drome, bladder pressures should be monitored
during the resuscitation phase.

Additionally, in the first 24-48 h, burned
patients experience a significant decrease in car-
diac output with decreased cardiac contractility.
This occurs despite adequate volume resuscita-
tion and is due to direct myocardial depression
[13]. Increased pulmonary and systemic vascular
resistance contribute to decreased perfusion
throughout the body. All of these changes can
lead to metabolic acidosis and mixed venous
desaturation. Significant fluid shifts in this con-
text lead to renal dysfunction and possibly renal
failure. Renal dysfunction can further complicate
treatment and possibly lead to over resuscitation,
as fluid resuscitation is most often titrated to
maintain a goal urine output.

Hypermetabolism Physiology

After about 48 h, the hypermetabolic phase of the
burn injury begins. This flow phase lasts through-
out the healing process and can last for months to
years after the burn. The cardiac output transi-
tions from low to high with increased stroke vol-
umes [14]. Patients remain tachycardic and later
can develop cardiac dysfunction due to this
hyperactivity [13]. Systemic vascular resistance
decreases and these changes can lead to blood
loss. Lungs can be damaged due to continued
pulmonary edema or ARDS even in the absence
of inhalation injury. Kidneys exhibit increased
GFR but decreased tubular function [15]. Hepatic
metabolic function can alter drug clearance.
Coagulation factor metabolism decreases.
Hematopoesis decreases resulting in long lasting
anemia. Patients also become immunologically
compromised due to poor WBC production.

This phase is also associated with a significant
increase in metabolism throughout the body.
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Protein breakdown and muscle wasting is a key
component of this stage and adequate nutrition is
important to minimize long term consequences
and enhance healing. Nutrition should be initi-
ated as soon as the patient is stabilized and the
initial resuscitation period is over. Glucose and
fat metabolism is also altered. Hyperglycemia is
common and insulin is often required [16, 17].
Untreated hyperglycemia can contribute to
increased infections and mortality.

Several agents have been studied as treatment
of hypermetabolism with mixed results.
Oxandralone is an anabolic agent that has been
studied, and in one RCT this agent has shown to
maintain lean body mass and improve hepatic
protein synthesis [14]. Propranolol, a beta
blocker, has also been studied and has been
shown to reduce energy expenditure and acceler-
ate wound healing [18, 19]. There is no consen-
sus on which agents should be used for
hypermetabolism treatment, and it is unknown if
they reduce morbidity or mortality.

CO, production increases in this phase of
injury and can create acidosis. Conventional ven-
tilation may still result in a respiratory acidosis or
an uncorrected metabolic acidosis. At the same
time, the patients begin to show signs of inhala-
tion injury, pulmonary edema, and ARDS. Lung
protective ventilation with tidal volumes of
6-8 mL/kg should be used to prevent further lung
injury and manage ARDS [20]. Occasionally, this
is not sufficient to treat this acidosis and some
patients may require tidal volumes >8—10 mL/kg
IBW to control their acidosis [21]. Alternatively,
if patients are having trouble with oxygenation or
ventilation, high frequency percussive ventilation
can be used to ventilate patients [22].

Table 78.1 highlights effect of burns on differ-
ent organ systems, both resulting from shock and
increased metabolism.

Inhalation Injury

Inhalation injury is a term used to describe both
direct injury to the airway caused by hot gases,
steam and chemical injury to the airways and
alveoli due to inhaled toxins. This can occur in up

to 35% of burn victims. Isolated inhalation injury
carries about 10% mortality; however, it will sig-
nificantly increase mortality from burn injury
[23, 24]. Patients with inhalation injury require
higher volume fluid resuscitation than anticipated
for their % TBSA burn. Airway obstruction is the
initial concern in patients who present with pos-
sible inhalation injury. Direct burns to the larynx
can result in significant injury and poor outcomes
if overlooked [25]. Swelling may not occur ini-
tially, but can develop during resuscitation. In
these patients it is important to secure the airway
early because edema can progress rapidly leading
to a compromised airway that may be difficult to
intubate.

Direct thermal injury to the distal airways can
be devastating but occurs rarely unless steam is
inhaled. Instead, distal airways are injured by
chemical injury from smoke and combustion.
The mucociliary clearance is damaged, resulting
in decreased clearance from the airways.
Oxygenation is impaired due to inactivated sur-
factant and collapse of alveoli [26]. Inhalation
injury is initially suspected in a fire in an enclosed
area, and a high level of clinical suspicion is
important in those circumstances. Other signs
and symptoms include facial burns, singed nasal
hairs, stridor, and carbonaceous sputum.
Evaluation of the airways with bronchoscopy is
the primary method for diagnosing inhalation
injury [27, 28]. Treatment for inhalation injury
includes N acetyl cysteine, inhaled heparin, bron-
chodilators, and good pulmonary toilet in addi-
tion to supportive therapy [28, 29].

Often patients who are diagnosed with inhala-
tion injury also have exposure to other sub-
stances. Carbon monoxide is commonly seen in
patients with suspected inhalation injury. A co-
oximeter is used to diagnose carbon monoxide
poisoning. Carbon monoxide has increased affin-
ity for hemoglobin compared to oxygen. The
presence of carbon monoxide shifts the oxyhe-
moglobin dissociation curve to the left, impairing
oxygen delivery to the tissues. Administration of
100% oxygen decreases the half-life of carboxy-
hemoglobin [30, 31]. Cyanide is another poison-
ous gas that can produce profound acidosis and
unstable hemodynamics along with an altered
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mental status. Treatment with sodium thiosulfate
or hydroxocobalamin is important with suspicion
of cyanide poisoning [32, 33].

Patients are at risk for pulmonary edema
throughout their hospital course. ARDS and
acute lung injury are both concerns given the
high volume fluid resuscitation needed and blood
transfusions that these patients often require [34].
This contributes to increased mortality in patients,
even if they do not present with an inhalation
injury.

Infection

Infections are a major cause of death in burned
patients [35]. A major skin function is to provide
a barrier to microorganisms, and this is damaged
in burn injuries. Mucociliary clearance will be
decreased in inhalation injury. Patients are often
febrile due to hypermetabolism, but infection
should be aggressively searched for and treated.
After the initial resuscitation phase, any unneces-
sary urinary catheters or vascular access devices
should be removed. Early burn excision reduces
the risk of wound infection.

Pain Management in Burn Patients

Burn patients experience significant pain from
the moment they are injured. Acutely, burn
patients require multiple painful procedures to
care for their wounds. Additionally, dressing
changes both before and after excision can be
incredibly painful to patients. Adequate pain con-
trol is also an essential part of the patient’s ability
to participate in successful rehabilitation [36].
Additionally, patients quickly develop tolerance
to medications due to their hypermetabolic state.
This needs to be consistently addressed through-
out their injury course.

Pain in burn patients is a significant issue in
the acute phase of injury and can continue to per-
sist through a patient’s rehabilitation and for
years post injury [37]. Inadequate pain control
has been shown to increase the risk of depression
and PTSD in burn patients [38, 39]. Achieving

adequate pain control in patients is therefore very
important to their long term recovery.

Opioids are the cornerstone of management of
acute burn pain. Patients with major burns require
both background pain control along with inter-
mittent procedural pain control to address pain
associated with OR procedures and dressing
changes [40]. Most often these patients are placed
on continuous opioid therapy that can be titrated;
typically, this is achieved through continuous I'V
infusions or patient-controlled analgesia (PCA)
[41]. This allows for adjustments as patients
pharmacodynamics change. Opioids should be
titrated to effect in burn patients, and opioid
requirements are often increased compared to
non-burned patients. Methadone is often used as
a long acting opioid with NMDA receptor activ-
ity to treat background pain [42].

Non opioid analgesia is an important supple-
ment to opioid analgesia. Ketamine is often used
in the management of pain in burn patients [43].
It is used as a sedative in procedures, or it can be
used in patients with refractory pain as an infu-
sion. Conscious sedation with bolus doses of ket-
amine can be useful during long and painful
dressing changes. Dexmedetomidine is another
adjunct that can be very useful in pain manage-
ment in refractory patients [44, 45]. Maintaining
anxiolysis in these patients is important to avoid
escalation of pain [46]. Other useful adjuncts
include acetaminophen and non-steroidal anti-
inflammatory (NSAID) use [39, 47]. These medi-
cations help to minimize the requirement for
opioid therapy and can be used as sole agents in
patients with smaller burns.

In patients who present with large burns, neu-
ropathic pain should be considered due to the
direct nerve injury sustained. Alleviating this
pain can be very important for long term improve-
ment in pain status. Gabapentin and pregabalin
are the primary options for treatment.
Antidepressant medications can also be consid-
ered for this treatment [40].

Local anesthetics are often used with success
in burn patients. Tumescent local anesthetics
with or without epinephrine can be injected into
donor sites to reduce pain from skin harvesting
procedures. Regional anesthesia is an option for
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many of these patients. This can be used both for
the acute burn and for donor site pain. Options
for regional anesthesia include peripheral blocks,
catheters, and neuraxial blocks [48]. One limita-
tion of this technique is infection risk, so avoid-
ing burned skin for placement of catheters is
important. The thigh is often used as a donor site
for skin grafts, therefore lateral femoral cutane-
ous and fascia iliaca nerve blocks are often used
for pain at this site [49].

Practical Management of Burn
Patients

Burn patients often require multiple trips to the
operating room for escharotomies, burn excision
and grafting, reconstructive surgery, and trache-
ostomies. Prior to bringing a patient with a large
burn into the operating room, it is important to
begin by preparing the room. Due to the loss of
temperature regulation by the skin, these patients
can lose heat very quickly. It is the standard to
prepare a warm room to minimize heat loss
although this can be controversial [50]. It is also
important to note the patient’s preoperative tem-
perature, as hypermetabolic patients can be
hyperthermic at baseline. Decreased body tem-
perature can lead to increased oxygen consump-
tion, increased blood loss, and increased risk of
infection [34]. Blood and fluid warmers are
important to maintain temperature. Additionally,
warming blankets with fluid or blown air can be
helpful to maintain temperature. Special care is
required in patient positioning in the operating
room to avoid damage to the skin or grafts.
Early excision of burn injury and grafting to
cover the wound is important to minimize both
morbidity and mortality [51, 52]. Often burn
patients are in the operating room soon after their
injuries, occasionally even while they are still
undergoing resuscitation. Because of this, burn
patients are often hemodynamically unstable when
they are first taken to the operating room and
require consistent active management. Burn
patients may also have additional traumatic inju-
ries related to the burn event that may require spe-
cial management. Outside of the operating room

burn patients often require sedation for painful
procedures [43]. These procedures are often done
with sedation managed by the anesthesia team.

Airway Management

Airway management in these patients can be
complicated due to swelling. It is important to
have a good airway exam early to prepare for any
difficulties. Limited mouth opening due to burns
or scarring can complicate airway management.
Laryngeal burns are a concern, and if possible, a
good look at the larynx is important on intubation
for early intervention. Bronchoscopic evaluation
for inhalation injury in patients where it is sus-
pected can be beneficial. Patients need to be eval-
uated also for possible difficult mask ventilation
due to facial dressings or wounds [3]. Additionally,
securing the airway can be difficult as tape often
does not adhere well to burn injuries. Ties can be
a concern due to swelling. Securing the airway to
the teeth with wire or suture is an option. Stapling
tape to the skin is an alternate method to secure
the airway. As patients progress through their
hospital stay, neck contractures can make airway
management increasingly difficult. Laryngeal
mask airways (LMA) have been shown to be both
safe and effective airway management tools to
assist in difficult airways after burns [53]. Fiber
optic intubation is occasionally a required tech-
nique if the airway appears difficult [3]. If a
patient needs to be intubated, consideration for
pulmonary toilet and frequent bronchoscopies
should be given in choosing an endotracheal
tube. Intra-operative ventilation may be difficult
due to associated pulmonary edema or ARDS. If
the patient has circumferential chest wall burns,
this may cause restrictive physiology.

Fluid Management

Fluid management in the operating room is espe-
cially important in burned patients. Patients who
are still in their initial resuscitation must continue
the resuscitation throughout surgery. Large fluid
boluses put patients at risk for fluid overload and
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compartment syndromes, therefore, it is important
to consistently adjust their maintenance rate [12].
Monitoring urine output and vital signs and adjust-
ing fluid rates accordingly is especially important
(Goal rate of hourly urine output 0.3—1 mL/kg). In
the operating room, this becomes more of a chal-
lenge due to insensible fluid losses and blood loss;
therefore, consistent vigilance is required.
Excision of burn wounds can cause significant
blood loss, which can be incredibly difficult to
monitor. The hyperdynamic state of the patient
can contribute to increased blood loss. Blood loss
during excision has been reported to be 2.6-3.4%
of blood volume for every 1%TBSA excised
[54]. This can occur very rapidly. Estimating
blood loss is difficult as much of the loss cannot
be suctioned and sponges contain both blood and
irrigation fluid. Significant amounts of blood loss
can also collect beneath the patient or in dress-
ings [55]. It is important to be vigilant in moni-
toring for blood loss. Many techniques have been
studied to minimize blood loss in these proce-
dures. Topical thrombin, brisk operative pace,
use of tourniquets, injection or topical applica-
tion of vasoconstrictors have all been attempted
[56, 57]. No one method has been shown superior
[58]. Often, staged procedures are necessary to
avoid hemorrhagic shock in these patients.
Given this predictable blood loss, it is impor-
tant to be prepared. A type and screen should be
performed preoperatively and blood should be
available when large blood loss is anticipated.
Blood loss should be aggressively treated as it is
easy to “get behind” once excision has started.
When the patient’s predicted blood loss will
likely decrease the hematocrit below the patient’s
transfusion threshold, it can be useful to start
blood preoperatively given how rapidly patients
can bleed. It is important to avoid over transfu-
sion, as transfusion can be associated with
increased risk of infections and mortality [59].
Tumescent crystalloid with a vasoconstrictor
can be injected by the surgeon into the subcutane-
ous tissue to minimize blood loss while excising
burned tissue. Occasionally, local anesthetic may
be added to the tumescent crystalloid to assist with
pain control post-operatively. Significant amounts
of this fluid can be injected into tissue, often

exceeding 100 mL/kg. This fluid is then gradually
absorbed into the vasculature over the following
24-48 h. This can create a delayed fluid overload
which must be monitored, especially if patients are
returning for subsequent procedures or requiring
additional fluid replacement.

Pharmacologic Management

Succinylcholine use is a concern in burned
patients. It is generally safe to use within 48 h of
burn injury. After 48 h, an up regulation of extra-
junctional acetylcholine receptors put patients at
risk for an exaggerated hyperkalemic response
after administration of succinylcholine [60]. The
severe hyperkalemia can lead to cardiac arrest.
Other anesthetic medications are considered safe.
There is a decreased sensitivity to non-
depolarizing muscle relaxants noted in burned
patients [61]. Increased volume of distribution as
well as altered plasma proteins may lead to
unpredictable drug pharmacokinetics [62]. Drug
metabolism may be altered due to hypermetabo-
lism as well as renal or hepatic dysfunction.

Vascular Access

Intravenous access may be difficult in extensive
burn injuries. If possible, vascular access should
be obtained from areas of unburned skin to mini-
mize risk of infection. These patients should have
at least two large bore IV lines for fluid resuscita-
tion and blood administration. They often require
central lines for long term access and vasopressor
administration. Securing I'Vs to burned skin may
be difficult as adhesive dressings will not stay in
place. A stitch may be used to secure IVs. Central
lines should be monitored closely and meticulous
care is required to avoid line infections.

Monitoring
Patients with large burn injury present multiple

challenges when it comes to monitoring.
Transmission pulse oximetry does not work well
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through severely burned skin; therefore, alternate
unburned sites may need to be considered [63, 64].
Based on the extent of burn injury, EKG electrodes
may not stick to the patient. Needle electrodes or an
esophageal catheter with an EKG electrode can be
useful to obtain EKG monitoring [65]. Core tem-
perature monitoring is essential to maintain body
temperature during surgery. Monitoring invasive
blood pressure is useful to obtain accurate blood
pressure readings depending on the surgical sites.
CVP monitoring can be helpful in patients with
ongoing resuscitation.

Nutrition

As detailed above, the hypermetabolic response
after burn injury requires significant nutritional
support. Burn injured patients may undergo mul-
tiple surgical procedures to excise eschar and
cover their wounds. Periods of fasting have been
shown to cause significant nutritional deficits in
these patients, which can lead to poor wound
healing and malnutrition [66]. Studies have
shown safety in post pyloric feeding through sur-
gery [67]. Parenteral nutrition is occasionally
used when enteral feeding is not an option, how-
ever, this presents the risk of infection and
increased mortality [68, 69].

Burn Reconstruction

After initial burns are healed, scarring can be a
recurrent problem. Many patients will require surgi-
cal treatment of their burn scars. Patients with sig-
nificant burn history often present with very difficult
IV access due to scarring and contractures [70]. It
can be very useful to have an ultrasound available
for IV access. In addition, airway management can
be complicated by burn scar contractures to the
neck or mouth. Fiber optic intubation or LMA
placement can be beneficial in patients with a sus-
pected difficult intubation. Patients with significant
previous injuries often still have resistance to non-
depolarizing muscle relaxants. They also have
higher tolerance with opiate drugs and should be
dosed accordingly.
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