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ABSTRACT

Care of burn-injured patients requires knowledge of the pathophysiologic changes affecting virtually all organs from the onset
of injury until wounds are healed. Massive airway and/or lung edema can occur rapidly and unpredictably after burn and/or
inhalation injury. Hemodynamics in the early phase of severe burn injury is characterized by a reduction in cardiac output
and increased systemic and pulmonary vascular resistance. Approximately 2 to 5 days after major burn injury, a hyperdynamic
and hypermetabolic state develops. Electrical burns result in morbidity much higher than expected based on burn size alone.
Formulae for fluid resuscitation should serve only as guideline; fluids should be titrated to physiologic endpoints. Burn injury
is associated basal and procedural pain requiring higher than normal opioid and sedative doses. Operating room concerns for
the burn-injured patient include airway abnormalities, impaired lung function, vascular access, deceptively large and rapid

blood loss, hypothermia, and altered pharmacology. (ANESTHESIOLOGY 2015; 122:448-64)

N the United States, approximately 450,000 people seck

treatment for burn injury each year, of whom 40,000 are
hospitalized and 3,400 die.* The majority of these patients
present in emergency rooms of hospitals without a burn
center. Initial care of patients with serious burn injury pres-
ents challenges in airway management, vascular access, and
hemodynamic and pulmonary support. Anesthesiologists are
specialists in each of these areas. As a result, anesthesiolo-
gists staffing these hospitals with emergency rooms must be
familiar with the pathophysiology of major burn injuries and
resuscitation. In burn care facilities, anesthesiologists should
be familiar with the unique features of perioperative man-
agement of burn-injured patients. This review will focus on
early evaluation and perioperative management of burned
patients in the acute (nonreconstructive) phase only.

Burn Injury Pathophysiology

Major burns cause massive tissue destruction and result in
activation of a cytokine-mediated inflammatory response

that leads to dramatic pathophysiologic effects at sites local
and distant from the burn. The systemic effects occur in
two distinct phases, a burn shock (ebb) phase followed by a
hypermetabolic (flow) phase, first described by Cuthbertson
in 1942." Understanding the pathophysiologic alterations
and time course is essential for the clinician providing early
resuscitation and perioperative care for these patients.
Generalized edema even in noninjured tissues occurs
when the injury exceeds 25 to 30% total body surface area
(TBSA). After major burn injury, continued loss of plasma
into burned tissue can occur up to the first 48 h or even lon-
ger. Loss of intravascular fluid into burned areas and edema
formation (in nonburned sites) can quickly result in burn
shock with impaired tissue and organ perfusion. In contrast
to nonburn trauma, burn-induced fluid loss occurs in the
absence of marked red cell volume loss resulting in hemo-
concentration rather than anemia. Thus, the initial thera-
peutic goal is the repletion of intravascular volume with clear
fluids to preserve tissue perfusion and minimize the ischemia
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and inflammatory responses. Burn shock occurs not only
because of depletion of intravascular volume but also because
of increased systemic vascular resistance (due to release of
catecholamines, antidiuretic hormone, and hemoconcentra-
tion) and depressed cardiac output (fig. 1). Depression of
cardiac output occurs even before any detectable reduction
in plasma volume. The depressed cardiac output continues
for 24 to 36h.? The hypermetabolic and hyperdynamic
phase that develops over 48 to 72h after injury is charac-
terized by increased oxygen consumption, carbon dioxide
production, and protein wasting.>4 Pari Passu with the
hypermetabolism is the hyperdynamic phase evidenced by
supranormal cardiac output (often more than two to three
times normal), tachycardia, and decreased systemic vascular
resistance (fig. 2). The onset of sepsis further increases the

cardiac output and decreases systemic vascular resistance.>

Elderly patients may not exhibit signs of the hyperdynamic
state, but protein catabolism is ubiquitous.

Inhalation Injury

The presence of an inhalation injury significantly increases the
morbidity and mortality associated with burn injuries. Resusci-
tation fluid requirements are increased by up to 50%.5~ Chest
radiographs are usually normal until secondary complications
of inflammation, infection, or atelectasis develop. The mecha-
nisms of inhalation injury (fig. 3) consist of a combination of
(a) direct injury to face and upper airway from inhalation of
steam and/or hot gases; (b) chemical injury to the trachea and
bronchi, and alveolar and endothelial lining due to inhalation
of the toxic products from the fire; and (c) impairment of

Pathophysiologic Changes

in the Early Phase (24-48 hrs) of Burn Injury

* Tachycardia
+ | Cardiac index
* | Stroke volume
* Normal or low blood pressure
+ { SvO,
+ 1 PVR and SVR
* 1 Hematocrit
« CVP variable
* Metabolic acidosis
* Echocardiogram/ultrasound:
— Small chambers
— Decreased contractility

* Myoglobinuria
* QOliguria
* Urine fractional Na*<1%

* Compartment syndrome of chest,
abdomen and/or limbs depending
on site of circumferential burn

* Altered mental status
* ? Cerebral edema

* % Pain response

+ } ADH

* Pulmonary edema
* Bronchospasm, bronchorrhea

* Acute respiratory distress
syndrome

+ 1 Aldosterone
«} Cortisol

Non-blanching burned skin
Mottled clammy non-burned skin
Fluid loss through burned skin
Generalized edema in >25%
body burn

Fig. 1. Pathophysiologic changes in the early phase (24-48h) of burn injury. The early (ebb) phase of burn injury is characterized
by decreased cardiac output and decreased blood flow to all organs. The decreased cardiac output is due to loss of intravascu-
lar volume, direct myocardial depression, increased pulmonary and systemic vascular resistance (PVR and SVR, respectively),
and hemoconcentration and can lead to metabolic acidosis and venous desaturation (|SvO,). Decreased urine flow results from
decreased glomerular filtration and increased aldosterone and antidiuretic hormone (ADH) levels. Oxygenation and ventilation
problems can occur due to inhalation injury and/or distant effects of burn on airways and lung. Compartment syndrome ensues
if there is circumferential burn with no escharotomy performed to release the constriction. Compartment syndrome can also oc-
cur in abdomen, extremities, or orbits without local or circumferential burns. Mental status can be altered because of hypoxia,
inhaled toxins, and/or drugs. The reasons why heart rate, blood pressure, and central venous pressure (CVP) can be poor indica-

tors of volume status are explained in table 3.
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Pathophysiological Changes During
Hypermetabolic/hyperdynamic Phase of Burn (> 48 hrs)
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Fig. 2. Pathophysiological changes during hypermetabolic/hyperdynamic phase of burn. At 48-72h after burn, the hypermet-
abolic-hyperdynamic (flow) phase starts, characterized by increased oxygen consumption, carbon dioxide production, and
cardiac output, with enhanced blood flow to all organs including skin, kidney (glomerular filtration rate), and liver, and decreased
systemic vascular resistance (SVR). Increased venous oxygen saturation (1SvO,) is related to peripheral arteriovenous shunt-
ing. The markedly decreased SVR mimics sepsis. Lungs and airways may continue to be affected because of inhalation injury .
During this phase, pulmonary edema, pneumonia, and/or acute respiratory distress syndrome can be seen even in the absence
of inhalation injury. Pulmonary edema can occur due to distant effects of major burn and reabsorption of edema fluid (hypervol-
emia). The altered mental status may be related to burn itself and/or concomitant drug therapy. Release of catabolic hormones
and insulin resistance leads to muscle protein catabolism and hyperglycemia.

oxygen transport processes or oxygen utilization by inhalation
of carbon monoxide and cyanide, respectively.>~1°

Direct heat and steam injury to the upper airway can lead
to marked swelling of the face, tongue, epiglottis, and glot-
tic opening resulting in airway obstruction. Because airway
swelling may not occur immediately but may develop over
a period of hours (especially with concurrent fluid resuscita-
tion), a high index of suspicion and frequent reevaluations of
the respiratory status are essential. Upper airway edema will
have more immediate consequences in smaller children. A
scald injury of the epiglottis mimics symptoms of epiglotti-
tis (see video, Supplemental Digital Content 1, http://links.
Iww.com/ALN/B124). Upper airway edema usually resolves
in 3 to 6 days and is facilitated by elevation of the head of
the bed and avoidance of excessive fluid administration.
Positive pressure ventilation may increase resuscitation fluid
requirements.°
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Tracheobronchial injury is caused by inhalation of chemi-
cals in smoke. Smoke from a house fire contains combus-
tion products that are toxic and damaging to the airways and
alveoli (fig. 3, see video, Supplemental Digital Content 2,
heep://links.lww.com/ALN/B125). Decreased mucociliary
transport impairs clearance of bacteria and mucosal debris.?
Alveolar collapse and atelectasis can occur because of loss
of surfactant production or from plugging of small airways
by mucosal debris. Over a period of time, these changes
result in obstruction of airways, bronchospasm, atelectasis,
and/or pneumonia, which cause ventilation perfusion mis-
match, shunt, impaired gas exchange, and decreased pulmo-
nary compliance. Injury to the airways and lung can also
occur with severe cutaneous burns in the absence of inhala-
tional injury. Mechanisms include inflammatory mediators
from the burn-injured area, effects of fluid resuscitation,
and infection. For example, acute lung injury can occur in

Bittner et al.
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Respiratory injury from burns

Causes Effects
Larynx .' Hot air Laryngeal obstruction
Hot steam Bronchospasm
C . =
=
2
Trachea - Mucosal slough
= Smoke Infection
= Hot particles Bronchiolar plugging
- Aspiration Atelectasis
\ . - Bronchospasm
’ ]
3 "_FI
i >
«= Primar Pneumonia

bronchus  |itant gases Pulmonary edema
Secondary Aveolar capillary
bronchus defect

Fig. 3. Respiratory inadequacy due to direct injury: putative
agents and site of injury. The noxious agents released from
the burning material can affect different parts of the airway.
The cartoon indicates which part of the respiratory system
is affected by each gas, toxin or chemical (“Cause”). The
pathophysiological effects of each of these noxious agents
are also indicated (“Effects”). Thermal or chemical injury can
lead to edema of face, pharynx, glottis, and larynx. Injury to
trachea and bronchi leads to bronchospasm and bronchor-
rhea. Chemical and toxin injury can lead to alveolar damage
and pulmonary edema.

patients with scald injury without smoke exposure. Two to 3
days after scald injury, the bronchoscopic features can mimic
airway injury>®? seen with smoke exposure (see video, Sup-
plemental Digital Content 3, http://links.lww.com/ALN/
B126).

Systemic toxicity can also occur from smoke inhalation.
Exposure to carbon monoxide decreases oxygen-carrying
capacity of hemoglobin leading to tissue hypoxia. Carbon
monoxide has a 200-fold higher affinity than oxygen to the
same binding sites on hemoglobin.!® Binding of carbon mon-
oxide to hemoglobin also shifts the oxyhemoglobin dissocia-
tion curve to the left and alters its shape. Carboxyhemoglobin
levels greater than 15% are toxic; those exceeding 50% are
lethal. The half-life of carboxyhemoglobin is 4h for a person
breathing room air. This is reduced to 40 to 60 min when
breathing 100% oxygen. Hyperbaric oxygen therapy has
been suggested as a therapy to reduce the neurologic sequelae
from carbon monoxide toxicity. Hyperbaric oxygen therapy
may play a beneficial role in reducing the inflammation and
harmful effects of ischemia reperfusion injury caused by car-
bon monoxide exposure. However, a recent Cochrane review
failed to demonstrate convincing benefit from hyperbaric oxy-
gen therapy.'! The limited availability of hyperbaric chambers
even in academic institutions makes its usefulness limited.

Cyanide is a toxic gas produced in fires by the burn-
ing of nitrogenous materials. Cyanide poisoning should be
suspected in any patient with a history of smoke inhalation
injury with an anion gap metabolic acidosis in the presence
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of apparently adequate oxygen delivery. Cyanide binds to
mitochondrial cytochrome oxidase blocking the last step in
the oxidative phosphorylation, preventing the use of oxygen
for conversion of pyruvate to adenosine triphosphate. Thus,
cells can only generate adenosine triphosphate viz anaerobic
metabolism, which results in a metabolic acidosis from lactic
acid production. Concentrations of cyanide greater than 20
ppm are considered dangerous. Concentrations of 100 ppm
can lead to seizures, coma, respiratory failure, and death.!? The
mixed venous oxygen saturation in cyanide poisoning is often
increased, suggesting inability to use the delivered oxygen.!>!4

The treatment of inhalation injury, other than carbon
monoxide and cyanide, is supportive respiratory care with
airway management, lung-protective mechanical ventila-
tion, and aggressive pulmonary toilet. Clinical manifesta-
tions of an inhalation injury may be delayed up to several
days postexposure. Nebulization of anticoagulants, antioxi-
dants, and antiinflammatory agents are under investigation
but are not part of routine management at this time.!>""
Prophylactic administration of antibiotics and steroids is not
routinely recommended.

Mortality persists at a rate of approximately 4% for
patients admitted to burn centers.” A large analysis revealed
three risk factors as predictive of death after burns: age older
than 60 yr, burn size greater than 40% body surface area,
and inhalation injury. Mortality is a function of the num-
ber of risk factors present.!® The mortality was 0.3, 3, 33,
or 90%, depending on whether 0, 1, 2, or 3 risk factors
were present, respectively. Morality related to burn injury
has improved over the past several decades.!” Causes include
increased awareness and improved methods of resuscitation,
early excision and grafting of burn wounds, better methods
of wound coverage, improved anesthesia and intensive care
techniques, early diagnosis and aggressive treatment of infec-
tions, and enhanced nutritional support methods, particu-
larly early and continuous enteral feeding. Data exist linking
improved outcomes from major burns with early referral to
a burn center. It is recognized that burn care requires special-
ized expertise, personnel, and equipment that are not cost-
effectively maintained in low-volume centers.

Initial Evaluation and Management

Successful management of the patient with burn injury
begins at the scene of injury and continues in the emergency
department with a thorough trauma assessment based on the
Advanced Trauma Life Support guidelines. This requires a
combined strategy of airway assessment and protection, ini-
tiation of resuscitation, and evaluation for coexisting inju-
ries. Between 5 and 7% of patients admitted to burn centers
experience nonthermal traumatic injuries.?® Therefore, all
burned patients should be approached initially as multiple
trauma patients. Assessing the airway is the first priority dur-
ing the initial evaluation. The presence of airway injury, signs
of airway obstruction, and the presence of preexisting airway

Bittner et al.
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abnormality should be assessed as soon as the patient arrives
at the hospital. Airway injuries may not be evident initially,
but with massive fluid resuscitation airway edema can result
(see video, Supplemental Digital Content 1, http://links.
Iww.com/ALN/B124). As a general rule, when indicated, it
is safer to intubate the patient early than risk a difficult intu-
bation after airway swelling has occurred.

Laryngeal injuries are common in burn-injured patients
and can be associated with long-term morbidity. Early recog-
nition of laryngeal injury and consultation with a laryngolo-
gist can influence treatment choices (e.g., tracheostomy) and
limit morbidity.?! Because anesthesiologists are most likely
to view the larynx of patients with acute burns, it is impor-
tant to make laryngeal examination part of the initial intu-
bation whether during resuscitation or induction of general
anesthesia. Decreased pulmonary compliance because of a
circumferential eschar on the chest or abdomen can inter-
fere with respiration. Chest wall escharotomy may be needed
when this occurs.

It is important to recognize inhalation injury as soon as
possible. A diagnosis of inhalation injury is usually based on
a history of exposure to fire and smoke (especially in com-
bination with impaired avoidance behavior such as loss of
consciousness or entrapment in an enclosed space) along
with the physical examination (burns over face, singed
nasal or facial hair, carbonaceous sputum, hypoxia, hoarse
voice, and bronchorrhea, and/or bronchospasm). Fiberop-
tic bronchoscopy may be used to support the diagnosis and
may reveal carbonaceous debris, erythema, or ulceration (see
video, Supplemental Digital Content 2, http://links.Iww.
com/ALN/B125). It has been difficult to identify reliable
indicators of progressive respiratory failure in patients with
smoke inhalation.?? Diagnostic criteria for inhalation injury
are complicated by heterogeneous presentation.

Intubation of burn-injured patients, especially combined
with interhospital transport, is not a benign intervention.
In response to the death of a burn-injured patient from
complications of intubation subsequently judged to not to
be indicated, the Parkland Hospital burn staff performed a
retrospective review of the hospital course of burn patients
intubated before transport to their emergency department.??
A large number of these patients were extubated the same or
the next day, suggesting that intubation was not indicated
in these patients. Thus, they were exposed to risk without
commensurate benefit. Out of concern for exacerbation of a
thermal laryngeal injury, otolaryngologists at the Baltimore
Regional Trauma Center performed a prospective study of
patients presenting to their emergency department with risk
factors for inhalation injury.?* If patients at risk were not in
respiratory distress and did not have other indications for
immediate intubation such as large full-thickness burns,
inability to protect their airway, or signs of obstruction, then
they were evaluated by flexible fiberoptic laryngoscopy. All
the patients with an adequate glottis by endoscopy were
managed safely without intubation, despite the fact that
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many met the institution’s traditional criteria for intubation.
Although adult patients with facial burns may appear to be
at significant risk, the airway may not be compromised and
intubation may expose them to unnecessary risk. In contrast,
we have seen pediatric patients with oral scald who did not
appear in distress and who, on superficial examination, did
not seem to have significant injury but actually had serious
thermal injury resembling epiglottitis (see video, Supple-
mental Digital Content 1, http:/links.lww.com/ALN/
B124). All patients with significant risk for inhalation injury
should have a thorough airway examination, and intubation
should be performed early when the airway is compromised.
Preemptive intubation of patients with inhalation injury can
be lifesaving but should be performed for clear indications.
Facial burns or glottic edema may make it difficult to secure
an endotracheal tube (ETT) after edema develops. There-
fore, extra effort and vigilance is required in these patients.

Standard pulse oximeters cannot distinguish between
oxyhemoglobin and carboxyhemoglobin. The PaO, can be
normal or high in patients receiving oxygen therapy even
with high levels of carboxyhemoglobin. The diagnosis of
carbon monoxide poisoning is made by measuring the car-
boxyhemoglobin level in arterial blood or measuring oxy-
gen-carrying capacity of hemoglobin by cooximeter. Some
pulse oximeters can differentiate between oxyhemoglobin
and carboxyhemoglobin.

As with carbon monoxide poisoning, cyanide toxic-
ity can be difficult to diagnose. Cyanide toxicity, just like
carbon monoxide poisoning, does not cause cyanosis, and
direct detection of cyanide poisoning in blood is difficult.
The deleterious effects of cyanide are normally neutralized by
the conversion of cyanide to thiocyanate, which is excreted
in the urine. This can be enhanced by the administration
of exogenous thiosulfate. Exogenous thiosulfate has a slow
onset of action, and therefore, coadministration of hydroxy-
cobalamin (vitamin B12) has been recommended, which
forms cyanocobalamin.

The magnitude of burns is classified according to TBSA
involved, depth of the burn, and the presence or absence of
inhalational injury. TBSA burned in adults can be estimated
using the “rule of nines.” The Lund-Browder chart is an age-
specific diagram that more precisely accounts for the chang-
ing body surface area relationships with age (fig. 4). The
depth of skin destruction is characterized as first, second, or
third degree, based on whether there is superficial, partial-
thickness, or full-thickness destruction of the skin (table 1).
Fourth degree is used to describe burns that have injured
deeper structures, such as muscle, fascia, and bone. Deep
second- and third-degree burns require surgical debridement
and grafting, whereas more superficial burns do not.

Fluid Resuscitation

Rapid and effective intravascular volume replenishment is
pivotal for mitigation of burn shock. Delayed or inadequate

Bittner et al.
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fluid replacement results in hypovolemia, tissue hypoperfu-
sion, shock, and multiple organ failure.?> Inadequate fluid
resuscitation can also exacerbate the effects of smoke inha-
lation injury.2%¥ Multiple fluid resuscitation formulae exist
for estimating fluid needs. 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 and careful
attention to hydration status. Fluid resuscitation formulae
have recently been reviewed by Alvarado et al.?’

The Parkland formula is the most common guide used
in the United States and recommends isotonic crystalloid
initially and the use of colloids 24 h after injury (table 2).%
Controversy remains as to ideal time for initiation of colloid
therapy in burn resuscitation. There is a general trend now to

Burn Estimate and Diagram 1
Age and Area

Initital evaluation*

initiate colloid infusions earlier than the previously recom-
mended time of 24 h. Lactated Ringer’s solution is often the
crystalloid chosen in view of the metabolic acidosis associ-
ated with normal (0.9%) saline. In younger children and in
patients where hypoglycemia is a potential concern, 5% dex-
trose solution can be added to the lactated Ringer’s solution.
Side effects of large-volume crystalloid resuscitation include
exacerbation of generalized edema, pleural and pericardial
effusions, and intestinal ileus with abdominal or limb com-
partment syndrome.”®

No matter which formula is used, it should serve only as
a guideline, and fluid resuscitation is titrated to physiologic
endpoints (table 3). Catheterization of the bladder is impor-
tant in patients with moderate-to-severe burns who require

N s (EN 7 s

; pRIlID)

Signature:

/ \ [/

Date of burn:

Date completed:

*To be completed by the admitting
physician or Licensed Independent
Practitioner on admission

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

as photography.

\ \' I‘| IJ" Solid = 3° \ | \ /

(| | CODE: | !
/ / Crosshatch = 2° v

Head 9 12 13 1 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 25 25 25 25 25 25
Left buttock 25 25 25 25 25 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 25 25 25 25 2.5 2:5
Left hand 2.5 2.5 25 25 2.5 25
Right thigh 5.5 65 8 85 9 95
Left thigh 55 6.5 8 85 9 9.5
Right lower leg 5 5 55 6 6.5 7
Left lower leg 5 5 55 -] 6.5 7
Right foot 35 3.5 35 3.5 35 35
Left foot 35 35 3.5 3:5 35 3.5
**Only 2° and 3" burns are included in the total TBSA burn percent TOTAL

Fig. 4. Lund-Browder burn diagram and table. 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. Lund-Browder chart should be used in pediatric patients because the body surface area relationships vary
with age. The letters and numbers on the y and x axes can be used to demarcate site-specific changes. TBSA = total body surface area.
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Table 1. Classification of Burn Depth
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Depth Level of Injury

Clinical Features Result/Treatment

Superficial (first degree) Epidermis

Superficial partial thickness
(superficial second degree)

Papillary dermis

Deep partial thickness (deep Reticular dermis; most skin
second degree) appendages destroyed

Full thickness (third degree)  Epidermis and dermis; all skin

appendages destroyed

Involves fascia and muscle and/
or bone

Fourth degree

Dry, red; blanches; painful

Blisters; moist, red, weeping;

Blisters; wet or waxy dry;

Waxy white to leathery dry and

Pain to deep pressure, in the

Healing time 3-6 days, no scar-
ring

Cleaning; topical agent; sterile
dressing; healing time 7-21
days; hypertrophic scar rare;
return of full function

Cleaning; topical agent; sterile
dressing; possible surgical
excision and grafting; scar-
ring common if not surgically
excised and grafted; earlier
return of function with surgery

Treatment as for deep partial-
thickness burns plus surgical
excision and grafting at earliest
possible time; scarring and
functional limitation more com-
mon if not grafted

Healing requires surgical inter-
vention

blanches; severe pain to touch

reduced blanching: decreased
pain sensation to touch, pain
present to deep pressure

inelastic; does not blanch;
absent pain sensation; pain
present to deep pressure: pain
present in surrounding areas of
second-degree burn

area of burn; increased pain in
surrounding areas of second-
degree burn

intravenous fluid resuscitation. A urinary catheter provides a
means of following urine output to titrate fluid administra-
tion and provide samples for urinalysis. Although the best
endpoints of resuscitation after major burn injury have not
been conclusively determined, the current recommenda-
tion is that urinary output be maintained between 0.5 and
I ml- kg™ - h™'.? Actual fluid requirements can vary, depend-
ing on size and depth of the burn, interval from injury to start
of resuscitation, presence of associated injuries, and presence
of inhalational injury. The liberal use of opioids may also
increase fluid needs.*® Indicators and criteria used for assess-
ment of adequate fluid volume are specified in table 3.

A small percentage of patients fail to respond to conven-
tional fluid resuscitation. Some burn centers administer col-
loid fluids to patients who, approximately 8h after injury,
are responding inadequately to crystalloid resuscitation.’!
Many burn centers including ours administer colloids earlier
than 8h after injury, particularly in children. Consistently,
in a recent survey, approximately 50% of the respondents
indicated that they add colloids within the first 24h.32 A
very small percentage of patients may require inotropic sup-
port during the early resuscitation phase even in the absence
of sepsis. No systemic study has evaluated the utility and
morbidity associated with the use of inotropes in patients
with acute burn injury. After 36 to 48h, capillary integrity
returns to normal in nonburned areas and reabsorption of
edema fluid occurs over the next 1 to 2 weeks.

Electrical Injury

Burns due to electric shock exhibit unique pathology. Soft tis-
sue damage due to electrical burns can dramatically increase
fluid needs. Survivors of severe electrical shock frequently
experience some form of subsequent arrhythmia (10 to
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46%).3>3% Patients without electrocardiographic changes
on presentation are unlikely to experience life-threatening
arrhythmias.?** Damage to the myocardium may occur after
exposure to either high- or low-voltage current. The myocar-
dial injury behaves more like a cardiac contusion than a myo-
cardial infarction, with minimal hemodynamic consequences.

Bone experiences the highest heat accumulation during
high-voltage current flow because it has the highest resis-
tance to flow of electricity. The high heat produced by bone
injury damages muscles surrounding the bone to a greater
extent, with more superficial areas of muscle being spared.
Subcutaneous tissue and skin also have less damage because
they are better conductors than bone. Electrothermal injury
of the musculature may manifest as edema formation and
tissue necrosis and may lead to compartment syndrome
and rhabdomyolysis. For treatment of these complications,
patients may come to the operating room within 24h of
injury. Myoglobinuria as a result of muscle damage poses
a risk for acute renal failure and requires prompt treat-
ment with crystalloid loading to a target urine output of

Table 2. Formulae for Fluid Resuscitation after Burn Injury

Parkland LR 4ml/kg/%TBSA Burn
Brooke LR 1.5ml/kg/%TBSA burn
Colloid 0.5ml/kg/% TBSA burn

For example for g., For 70-kg person with 60% burn:
Parkland formula: 4 x 70 x 60 = 16,800 ml of LR/24 h;
Brooke formula: 1.5x70x 60 = 6,300ml of LR/24 h;

0.5x70x60 = 2,100ml colloid/24 h.

For either formula, half of total volume is administered over the first 8h.
Infusion rates should always be adjusted up or down based on physiologi-
cal responses.

LR = lactated Ringer’s; TBSA = total body surface area.
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Table 3. Indicators of Adequate Circulating Volume and/or Resuscitation

Urine output 0.5-1.0ml - kg™ - h~*

Blood pressure*

Heart ratet

Central venous pressuret
Fractional excretion of Na+ (FeNa)§

Variable
3-8 mmHg

Within normal range for age

<1% (indicates hypovolemia)

BUN/Cr ratiol| >20 (indicates hypovolemia)
Echocardiogram/ultrasound Normal stroke volume and ejection fraction
Base deficit

<5 (suggests hypoperfusion in the absence of carbon monoxide or cyanide poisoning)

*Blood pressure can be normal even with hypovolemia because of vasoconstriction produced by catecholamines and antidiuretic hormone (vasopressin).
tHeart rate can be high, despite normovolemia because of catecholamines, anxiety and/or pain, and hypermetabolic state. $Central venous pressures

can be artificially altered by airway pressures, pleural or pericardial fluid, or abdominal distension. §FeNa =100 x

||Blood urea nitrogen (BUN) to creatinine (Cr) ratio.

2ml- kg™ - h™'. Additional treatment with sodium bicarbon-
ate, mannitol, and furosemide facilitate myoglobin excretion
and protect against renal tubular injury.

Anesthetic Management

Preoperative Evaluation

Patients are often brought to the operating room in the
early phase of burn injury, when they are undergoing signifi-
cant 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 decreases the chance of wound colonization and
systemic sepsis and has become the standard of care. Along
with the standard preoperative evaluation, there are specific
features of the history and physical examination, which
deserve additional focus in the burned patient (table 4).
These include the time and extent of burn injury, airway
evaluation, presence of inhalation injury, current resuscita-
tion regimen and patient’s response, potential vascular access
sites, and tolerance to enteral feeding and/or gastric residues
(table 4). Communication with the surgeons and critical
care team is crucial to manage perioperative care in a man-
ner that is compatible with treatment goals of the intensive
care unit (ICU). Details of the surgical plan are also essential
to estimate blood loss to plan appropriate vascular access,
invasive monitors, and to order appropriate blood products.

Intraoperative Management

Airway Management

Key features of airway assessment include preexisting airway
abnormality, current airway injury (i.e., inhalation injury,
facial edema), and signs of glottic obstruction. Assessment
of mandibular mobility may reveal tightness that will make
laryngoscopy challenging. Mouth opening can be limited
because of edema or developing contractures (fig. 5). Dress-
ings and nasogastric tubes may make face mask seal diffi-
cult. Facial wounds may be painful, and exudate and topical
antibiotics may make for a slippery surface and difficulty
holding the mask. If the preoperative examination reveals
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concern for upper airway patency, mobility, or mask ventila-
tion, fiberoptic intubation while maintaining spontaneous
ventilation should be considered. In children, awake intu-
bation is not a viable option. Ketamine-induced sedation/
anesthesia maintains the pharyngeal muscle tone with good
conditions for fiberoptic intubation. Gastric emptying may
or may not be delayed in burn patients.’® Laryngeal Mask
Airways™, with the usual precautions, have been used success-
fully in burn patients.’” Infection/sepsis, intestinal edema,
and opioids may slow gastric emptying, with increased risk
of aspiration. The utility of methylnaltrexone to improve
laxation in burned patients on high-dose opiate equivalents
has been confirmed in a retrospective study.*® Methylnal-
trexone antagonizes peripheral but not central opiate effects
as it does not cross the blood-brain barrier. No prospective
studies have examined the utility of methylnaltrexone in the
burn-injured population.

Securing the ETT is difficult with facial burns. Tape
or ties crossing burned areas can irritate the wound or
cause injury to grafts. It is essential to secure the ETT
with a carefully secured tie harness to avoid unintentional
extubation. 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.>*% The use
of cuffed ETTs in the pediatric population, both in the
operating room and in the ICU, is safe and recommended
regardless of the child’s age.#!~%3 Severely burned patients

Table 4. Major Preoperative Concerns for Burn Patients

Age of patient Elapsed time from injury

Extent of burn injury (total body sur- Associated injuries
face area, depth, and location)
Mechanism of injury

Inhalational injury and/or lung dys-
function

Airway patency

Hematologic issues
Adequacy of resuscitation
Presence of organ dysfunction
Gastric stasis

Presence of infection
Coexisting diseases

Immune dysfunction
Altered drug responses
Magnitude of surgical plan
Difficult vascular access
Altered mental states
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Fig. 5. Severe scar contracture developing before complete
wound coverage. In contrast to edema affecting airways in
the early phase, burn scar contraction of mouth and neck
can complicate airway management during acute recov-
ery phase. Reduced mandibular mobility and contraction
around oral commissures can make it difficult or impos-
sible to advance the jaw and open mouth. Furthermore, the
airway can become obstructed by collapse of pharyngeal
tissues during induction of general anesthesia. In these in-
stances, direct laryngoscopy can be difficult or impossible
because the larynx also can be tethered to surrounding
structures. Awake fiber optic intubation is an option. Ket-
amine provides analgesia and maintains respiratory drive
and pharyngeal tone for pediatric patients and adults who
will not tolerate awake intubation.

may require tracheostomies because of potential compli-
cations from long-term translaryngeal ETT placement
for mechanical ventilation and placement of nasogastric
feeding tubes (see video, Supplemental Digital Content
4, htep://links.lww.com/ALN/B127). The proper timing
and indications for tracheostomy in burns remain con-
troversial. Tracheostomy-induced dysphagia, dyphonia,
and other laryngeal pathologies have been described.
Whether these pathologies were present before the trache-
ostomy could not be identified.

Vascular Access

Managing vascular access in burn patients is difficult
because of technical challenges (edema) and because of the
increased risks for bloodstream infection. It may be neces-
sary to place vascular catheters through burn wounds. On
occasion, an alternative is to have the surgeons debride the
insertion site just before placement of the vascular cath-
eter. In addition to subclavian and internal jugular veins,
the femoral veins can be used. If no intravenous access is
available, temporary intraosseous cannulation may safely
be placed in patients of any age. Localization of vessels
using ultrasonographic guidance can be useful in placing
peripheral and central catheters in patients when access is

difficule.®
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Ventilatory Management

In providing perioperative mechanical ventilation, the same
considerations used in the ICU must be followed to avoid
ventilation-induced morbidity. The findings of the Acute
Respiratory Distress Syndrome Network trial have changed
ventilatory strategies and have become the standard of care
for burn patients with acute lung injury.* The empiric use
of tidal volumes of less than equal to 6ml/kg ideal body
weight and plateau airway pressures less than 30cm H,O
in adults are recommended. Although this concept has not
been tested in burned patients, a recent report confirms the
importance of maintaining low tidal volume ventilation
even in the operating room.?” Because of the hypermetabolic
state and increased carbon dioxide production, ventilation
rates need to be higher than normal. Some patients will
require postoperative mechanical ventilation. Assessment of
not only pulmonary status but also the upper airway and
glottis is imperative before a trial of extubation. The presence
of a good air leak after deflation of the endotracheal cuff is an
indirect estimate of an adequate glottic opening. In the oper-
ating room, visualization of the laryngeal structures is often
performed by direct laryngoscopy or with flexible fiberoptic
bronchoscopy before extubation (see video, Supplemental
Digital Content 4, http://links.lww.com/ALN/B127).

Monitoring

Burn-injured areas may involve sites where monitoring
equipments have to be placed. Surgical staples can be used to
fix adhesive electrocardiogram electrodes. Alternatively, plac-
ing the electrodes on the back or dependent sites may hold
them in place. Sites for placement of pulse oximetry, if the
finger or toe is unavailable, include the ear, nose, or tongue.
Reflectance oximetry has been suggested as an alternative if
skin sites for monitoring are limited.*® There may be periods
when it is not possible to maintain an effective pulse oxim-
eter monitor. When a blood pressure cuff must be placed
over grafted wounds, great care should be taken to protect
the underlying area and the cuff should be sterile. With
expected extensive bleeding, an arterial line should be con-
sidered for continuous measurement of blood pressure and
blood sampling. Respiratory variation in arterial waveforms
can be used as a guide to volume and vasoactive therapy.
Blood urea nitrogen to creatinine ratio (220) or fractional
sodium (Na+) excretion percent (<1%) would also indicate
hypovolemia.

Temperature monitoring is imperative as burned patients
are quite prone to and intolerant to hypothermia. Moni-
toring of body temperature is also useful for detection of
blood transfusion reactions intraoperatively (>2°C rise in
temperature). Neuromuscular function monitoring is useful
in patients receiving neuromuscular blocking drugs as dose
requirements can be significantly altered in burn patients.
Multiport central venous catheters are useful for simultane-
ous monitoring of central pressures and administering of

drugs and fluids.
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Intrahospital Patient Transport

Intrahospital transport of critically ill patients is associated
with an overall adverse event rate of up to 70%.4° Patients
requiring mechanical ventilation during transport require at
least two anesthesia personnel or an anesthesia personnel and
respiratory therapist or nurse to manage ventilation, observe
the monitors, and administer medications during transport.
A number of professional societies have developed guidelines
to improve the safety of transport of critically ill patients by
setting rules for pretransport planning and coordination,
escort, equipment, and monitoring procedures.’®! Because
patient agitation and extubation during transfer can be
disastrous, providing adequate sedation and analgesia and
possibly muscle relaxation are essential during intrahospi-
tal transport and moving patients to or from the bed to the
stretcher or to the operating table.

Pharmacologic Considerations

Large burns result in altered pharmacokinetic and pharma-
codynamic responses to many drugs. Plasma protein loss
through injured skin and further dilution of plasma proteins
by resuscitation fluids decrease the concentration of albu-
min, an important drug-binding protein (vide infra). 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—recep-
tor interactions causing variable and at times unpredictable
changes in response to drugs. Consequently, changes in the
usual dosages of drugs or complete exclusion of other drugs
(e.g., succinylcholine) may be necessary to ensure efficacy or
avoid toxicity.

During the acute injury phase (0 to 48 h) and despite ade-
quate volume resuscitation, cardiac output along with renal
and hepatic blood flow is decreased (fig. 1). These changes
may decrease elimination of some drugs by the kidney and
liver. After the resuscitation phase, the hyperdynamic phase
begins, with increased cardiac output and blood flow to the
kidneys and liver (fig. 2). Drugs dependent on organ blood
flow for elimination will have increased clearances; doses for
these drugs may have to be adjusted upward.

The two major drug-binding proteins, albumin and a,-
acid glycoprotein (AAG), are altered in opposite ways after
burn injury. The concentration of albumin that binds to
mostly acidic and neutral drugs is decreased in burn injury.”?
AAG binds cationic drugs, such as lidocaine, propranolol,
muscle relaxants, and some opioids. AAG is also an acute-
phase reactant, and its concentration increases twofold or
greater in burn-injured patients, which decreases the free
fraction of drugs bound by AAG.>

Hepatic clearance of drugs highly extracted by the liver
depends primarily on hepatic blood flow and is relatively
insensitive to alterations in protein binding. Clearance of
these drugs may decrease during the early postburn phase as
aresult of decreased liver and renal blood flow. Later on clear-
ance of these drugs may increase during the hyperdynamic
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phase when hepatic blood flow increases (e.g., propofol, fen-
tanyl).>® During the hypermetabolic state, renal blood flow
and glomerular filtration rate also increase. Thus, renal clear-
ance of some drugs increases.’>>° Hepatic enzyme activity
appears to be altered in patients with burns.’” Phase I reac-
tions, which include oxidation, reduction, hydroxylation,
and demethylation, are impaired in burn patients (e.g., diaz-
epam). Phase I reactions involve conjugation, glucuronida-
tion, and sulfation and seem to be relatively unaffected (e.g.,
lorazepam).>®
Muscle Relaxants
Muscle relaxant pharmacology is significantly and consis-
tently altered after burn injury.> In burn patients, exposure
to succinylcholine can result in an exaggerated hyperkalemic
response, which can induce cardiac arrest. The current rec-
ommendation is to avoid succinylcholine administration in
patients 48 h after burn injury.®*®! An increase in the num-
ber of extrajunctional acetylcholine receptors that release
potassium during depolarization with succinylcholine is the
cause for increased hyperkalemia. Martyn and Richtsfeld®?
have reviewed the topic of succinylcholine-induced hyper-
kalemia. Almost paralleling the hyperkalemia to succinyl-
choline, there is concomitantly a decreased sensitivity to
the neuromuscular effects of nondepolarizing muscle relax-
ants (NDMRs). Because succinylcholine is contraindicated,
treatment of laryngospasm in burned patients can include
high-dose NDMRYs, positive pressure ventilation, or deepen-
ing the anesthetic by intravenous (and inhalational routes,
if possible). Approximately 3 to 7 days after burn injury,
the dose of NDMRs required to achieve effective paralysis
can be substantially increased. The etiology of the altered
response to NDMRs is multifactorial: (a) up-regulation of
acetylcholine receptors, including up-regulation of fetal and
07 (neuronal type) acetylcholine receptors at the muscle
membrane; (b) increased binding to AAG and enhanced
renal and hepatic elimination of the NDMRs. The pivotal
role of de novo expression of a7AChRs at the neuromus-
cular junction in resistance to NDMRs has recently been
characterized.®

An increased rocuronium dose of 1.2 to 1.5 mg/kg for
rapid sequence induction has been recommended in patients
with major burn injury.64 It must be noted, however, that
even with a dose of 1.5mg/kg of rocuronium, the onset
of time to effective paralysis approximates 90 seconds in
burned patients compared with less than 60 s in nonburned
patients with a dose of 0.9 mg/kg (fig. 6). Atracurium, bro-
ken down by organ-independent pathways (e.g., Hofmann
elimination), also exhibits reduced effectiveness after burns.
This suggests that the major component to resistance to
NDMRs is pharmacodynamic in nature.

Anesthetic Drugs
Choice of drug should be based on the patient’s hemody-

namic and pulmonary status and potential difficulty in
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securing the patient’s airway. The choice of volatile anesthetic
does not appear to influence outcome in burned patients.
Propofol clearance and volume of distribution are
increased in patients with major burns during the hyperdy-
namic phase of burn injury.®® The pharmacokinetic changes,
in combination with pharmacodynamic alterations centrally,
could contribute to a decreased hypnotic effect of propofol.
Therefore, in comparison with nonburned patients, those
with major burn injuries may require larger bolus doses and/
or increased infusion rates of propofol to attain or maintain
therapeutic plasma drug concentrations.” The hemody-
namic consequences of administering larger doses of propo-

fol should be kept in mind.

Opioids

Opioid requirements are increased in burn-injured patients.
Opioid tolerance makes pain management challenging
throughout all phases of burn care. It is not uncommon for
burn-injured patients to manifest opioid tolerance requiring
dosing that far exceeds standard textbook recommendations
(fig. 7). If patients come to the operating room with infusions
of sedatives and narcotics, these infusions should be contin-
ued and not stopped; the infusions have been maintained to
reach a steady state of effect. Intraoperative analgesia can be
achieved by increasing these infusions or turning to other
drugs. Table 5 indicates some of the first-, second-, and third-
line sedative and analgesic regimens used in our institutions
during the acute hypermetabolic phase of burn injury. In
addition to pharmacokinetic changes documented for mor-
phine, fentanyl, and propofol, animal studies of burn injury
document changes in the spinal cord receptors. These include
down-regulation of p-opioid receptors, and up-regulation of
protein kinase C-y and N-methyl-p-aspartate receptors.®® In
view of the N-methyl-p-aspartate up-regulation after burns,
it is not surprising that ketamine requirements to anesthetize
patients are increased after burn injury.*” Clonidine, dexme-
detomidine, ketamine, and methadone have been found to
be effective in the treatment of pain for burn-injured patients
who develop extreme tolerance to morphine (table 5).9%¢

Ketamine

Ketamine has many potential advantages for induction and
maintenance of anesthesia in burn patients and is used by
some centers as the primary anesthetic. Ketamine in normal
patients is associated with hemodynamic stability, preserving
airway patency as well as hypoxic and hypercapnic responses,
and decreasing airway resistance. Ketamine may exert ben-
eficial antiinflammatory effects in patients with burns and/
or sepsis.”®”7? Ketamine may be the agent of choice if one
wishes to avoid manipulation of the airway (e.g., after place-
ment of fresh facial grafts, for splint or dressing removal, for
brief procedures such as dressing or line changes, insertion of
Foley catheters in pediatric patients, or for patients with toxic
epidermal necrolysis syndrome).”? The addition of benzodi-
azepines is often recommended to reduce the incidence of
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Onset of Muscle Paralysis with Rocuronium
~40% Burn vs. Non-burn

Train-of-four ratio
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Fig. 6. Dose-response curves and time to maximal effect of
rocuronium in adult burned and nonburned patients. Dose ver-
sus time to percentage twitch suppression for rocuronium in
control subjects and burned subjects of mean 40% total body
surface area burn and studied at least 1 week after burn. In
normal patients, dose of 0.9 mg/kg rocuronium caused 95%
twitch suppression in <60 s. The same dose has an onset
of >120 s after major burn. Increasing doses of rocuronium
shifted dose-response curves to the left. However, even with
1.5mg/kg dose, the onset was still >90 s. Train-of-four ra-
tio refers to the ratio between fourth and first twitch tensions
recorded in muscle during 2 Hz nerve stimulation.64104

Morphine and Midazolam Requirements
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Fig. 7. Burn injury—induced tolerance to narcotics and seda-
tives. A 17-yr-old male sustained 90% flame burn injury re-
quiring mechanical ventilation, multiple surgeries, and an-
esthetics. The graph indicates the mg - kg=' - h~" doses of
morphine and midazolam administered over time after burn
starting from week 1 to week 25. At one stage, the intrave-
nous morphine and midazolam doses required exceeded
55mag/hr of each. During procedures (e.g., dressing changes)
additional doses of ketamine, dexmedetomidine, fentanyl,
and/or propofol were administered pro re nata. More re-
cently, when the doses of morphine and midazolam exceed
0.5ml - kg~' - h™1, we institute dexmedetomidine or ketamine
infusions as sedative and change the opioid from morphine to
fentanyl or vice versa (see also table 5).

dysphoria. Because of the increased secretions associated with
ketamine, glycopyrrolate is frequently coadministered. Ket-
amine is now part of the pharmacologic armamentarium to
treat burn- and opioid-induced tolerance to narcotics. Bolus
doses of ketamine can cause hypotension in patients with
burn injury, despite ketamine-induced catecholamine release.
The persistently high levels of catecholamines in patients with
major burns result in desensitization and down-regulation of
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Table 5. Sedation and Analgesia Guidelines for Acute Burns

Stage of Injury Background Anxiety

Background Pain

Procedural Anxiety Procedural Pain

#1 Midazolam infusion
#2 Dexmedetomidine
infusion

#3 Antipsychotics

Acute burn ventilated

#4 Propofol infusion
(<48h)

Acute burn not ventilated Dexmedetomidine IV or
scheduled lorazepam
IV or PO

Scheduled lorazepam or
antipsychotics (PO)

Chronic acute burn

Morphine infusion
Morphine infusion

Morphine infusion
Morphine infusion

Morphine IV or PO

Scheduled morphine or
methadone

Midazolam boluses

Dexmedetomidine higher
infusion rate

Haloperidol (very slow)
boluses

Propofol boluses

Morphine boluses
Morphine boluses

Morphine boluses
Morphine boluses

Lorazepam IV/PO Morphine IV/PO or

Ketamine IV

Lorazepam or
antipsychotics (PO)

Morphine PO or
oxycodone

Fentanyl infusions could be substituted for morphine infusions. In view of the increased incidence of delirium with benzodiazepines, minimal use of them

is advocated.
IV = intravenous; PO = per oram (by mouth).

[3-adrenoreceptors.”4 As a result, direct myocardial depressant
effects of ketamine can become manifested.

Regional Anesthesia

Some studies have shown potential benefit of regional anes-
thesia in patients with burn injury by providing intraop-
erative anesthesia, improving postoperative analgesia and
facilitating rehabilitation. Patients often have more intense
postoperative pain from the split-thickness skin donor site
than from the grafted burn wound. Regional anesthesia in
its simplest form may be tumescent local anesthesia injected
into a donor site before harvesting” or it can take the form
of subcutaneous catheter infusions,”® peripheral nerve, or
central neuraxial blocks.””

Central neuraxial techniques (spinals, epidurals) have
been used with good effect as both primary anesthetics and
postoperative adjuncts in burn-injured patients. There are no
reports suggesting that 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
78; similarly, caution is likely reasonable
in selecting appropriate burn patients for central neuraxial
techniques.

or near burned tissue

Truncal blocks (paravertebral and transversus abdominis
plane) have been very useful to provide analgesia for donor
site harvesting, and both block techniques are also amenable
to placement of catheters to extend duration of postopera-
tive analgesia. The lateral femoral cutaneous nerve block is
particularly well suited to block because it is exclusively a
sensory nerve and innervates an area (the lateral thigh) that is
frequently chosen for split-thickness skin grafts. 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.”®-7

Metabolic and Nutritional Management
The hypermetabolic response after burn injury is more

severe and sustained than any other form of trauma.**
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Continuous enteral or parenteral nutrition partially abates
the hypermetabolic response and attenuates muscle pro-
tein loss of burns.”” Despite aggressive nutrition, intensive
insulin therapy, and use of adjuvants (oxandrolone, pro-
pranolol, others), loss of muscle mass continues even after
wound coverage.”” Burn-injured patients undergo mul-
tiple surgical procedures. Periods of 8-hour fasting before
surgery make it difficult to meet the high caloric require-
ments of patients with major burn injury and may be
poorly tolerated. The feasibility and safety of continuing
enteral feeding throughout operative procedures has been
studied. Enteral feeding during surgery beyond the pylo-
rus has been successful, provided the airway was secured
via a cuffed ETT or tracheostomy (to prevent aspiration
of gastric contents).”” Nonetheless it is prudent to hold
enteral feedings when there is potential for increasing
abdominal pressure (e.g., prone position during surgery)
or when an airway procedure such as tracheostomy is to
be performed.

Blood Loss during Burn Wound Excision

It is difficult to estimate blood loss during burn excision
because shed blood cannot be efficiently collected in a suction
canister, surgical sponges may also contain irrigation fluid,
blood can be concealed beneath the patient, and substantial
bleeding can continue unobserved beneath bulky dressings.
Vigilant attention to several physiological variables is nec-
essary to effectively maintain intravascular volume during
burn excision. Published estimates of the amount of blood
loss during burn excision operations are in the range of 2.6 to
3.4% of the blood volume for every 1% TBSA excised.5*®!
Multiple techniques have been used to minimize intraopera-
tive bleeding, such as application of topical thrombin, staged
procedures, and brisk operative pace, and topical application
or subcutaneous injection of vasoconstrictors (epinephrine,
vasopressin analogs, or phenylephrine).®# No prospective
study has compared the efficiency or superiority of one drug
over the other to decrease bleeding.
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Intraoperative Fluid Administration and Blood Transfusion
If the patient is receiving parenteral nutrition, it is impor-
tant that its infusion not be stopped because of the danger
of hypoglycemia. After the initial massive fluid resuscitation
for major burns, much effort is made restricting fluids and
administering diuretics to hasten elimination of this edema.
In the perioperative period, it is important to avoid giving
more fluid than is necessary. The use of colloids can help
limit the amount of fluid needed to maintain preload. The
surgeons may inject large amounts of subcutaneous fluid to
facilitate wound debridement and donor harvest. This fluid
should also be limited. As with the initial resuscitation, there
is no single physiological endpoint to rely on for titrating
fluid replacement. Constant vigilance and attention to all
available information (hemodynamic, metabolic, and urine
output) are necessary. The point at which red cell transfu-
sion is beneficial varies greatly between patients. Rather than
focusing on hemoglobin or hematocrit, it is best to strive
to maintain adequate preload and follow metabolic status.
Blood component therapy should be reserved for patients
with a demonstrated physiologic need, but anticipation of
continued blood loss may indicate transfusion to prevent
significant anemia rather than waiting to treat it when it
occurs.

In the past, administration of fresh-frozen plasma was
guided by American Society of Anesthesiologists Task Force
on Perioperative Blood Transfusion and Adjuvant Therapies
recommendations that fresh-frozen plasma only be given
when microvascular bleeding is present and coagulation fac-
tor deficiency is demonstrated. Recent experience with civil-
ian and military trauma has demonstrated that mortality is
decreased by previous and more aggressive administration of
fresh-frozen plasma with massive bleeding.®®> There are a
number of definitions of massive transfusion such as loss of
total blood volume in 24 h, requirement of 4 units of packed
erythrocytes in an hour, or ongoing loss of more than 150 ml
of blood per minute. It is not unusual for patients with large
burns to meet these criteria during burn wound excision.
The clinical experience with burn patients with massive
hemorrhage is not the equivalent of hemorrhagic shock in
nonburned trauma patients who present with hypovolemic
shock, acidemia, hypothermia, and coagulopathy. During
burn wound excision, bleeding is simultaneously treated
with fluid replacement, and measures are taken to support
the circulation and prevent hypothermia. Still, it is logical
to assume that more aggressive use of fresh-frozen plasma to
prevent development of coagulopathy can also benefit burn
patients who experience massive hemorrhage.

Temperature Management

Maintaining body temperature in burned patients is espe-
cially important and challenging. The inflammatory response
to large burns causes an increase in the hypothalamic core
temperature set point. The metabolic rate is increased
to maintain this increased temperature. Hypothermia in
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these patients is poorly tolerated as it causes an exaggerated
increase in oxygen consumption and exacerbates the cata-
bolic response to the injuries.®® Decreased body tempera-
ture during burn excisions may also increase blood loss and
worsen morbidity and mortality.?” Multiple strategies are
used to maintain body temperature in the operating room,
including use of warming blankets, radiant warmers, blood/
fluid warmers, minimizing skin surface exposure, and wrap-
ping the head and extremities with plastic or thermal insu-
lation. Temperature in the operating room is commonly
maintained at 80 to 100°F (27 to 38°C), depending on the
age and severity of the burn.

Postoperative Care

There are several critical postoperative concerns for burn
patients: whether to extubate in the operating room, safe
transport to the ICU, transfer of care to the ICU staff, and
control of postoperative pain. 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, potential for ongoing bleeding,
and when the patient will return again for surgery.

The same concerns regarding transfer from the ICU to the
operating room apply for transfer back to the ICU, except
that the patient is likely to be less stable physiologically in
the postoperative period. Continued bleeding may be con-
cealed by dressings, the patient may be more prone to hypo-
thermia, emergence may be associated with delirium, and
analgesic requirements will be greater. Monitors appropriate
to the patient’s physiological 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. During this period of exagger-
ated physiological fragility, it is important to be especially
vigilant during transfer of the monitors, respiratory, and
hemodynamic support equipment to the ICU staff.

Inadequate control of pain and anxiety can adversely
affect wound healing and psychological status. The presence
of newly excised tissue and harvested donor sites are very
painful. As indicated previously, it is common for burned
patients to become quite tolerant of sedatives and analge-
sics over time, and thus, doses substantially larger than nor-
mal may be required especially in the postoperative period.
Other drugs, which act on receptors other than opiates (a.,-
adrenoceptor agonists, /N-methyl-p-aspartate antagonists,
others), may have benefits when added to the regimen (vide
infra). The optimal method providing sedation and analgesia
in patients with major burns is still unresolved.

Pain Management

All aspects of burn injury (e.g., dressing changes, excision and
grafting procedures, physical therapy, and line insertion) are
associated with pain. There is ongoing background pain, and
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there is procedure-related pain. Pain is exacerbated by anxiety
if the pain is poorly controlled with sedatives and analgesics.
Pain of burns has hyperalgesic (increased response to painful
stimuli, e.¢., wound debridement) and allodynic components
(painful responses to nonpainful stimuli, e.g., touch).3 Post-
traumatic stress disorder has been reported to occur in up to
30% of patients with severe burn injury, often developing in
the setting of inadequate treatment of anxiety and pain.®°
Patient-controlled analgesia 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.?-%?

Sensitivity to analgesics varies with time after burn
injury from increased sensitivity and tolerance.”® Con-
tinuous administration of analgesics by itself can result in
opioid-induced hyperalgesia and accentuate the need for
higher opioid doses.” To provide appropriate, consistent
patient comfort, standardized pain and anxiety guidelines
are used in many burn centers. The ideal characteristics
of such a guideline include (a) safety and efficacy over a
broad range of ages and burn injury severities, (b) explicit
recommendations for drug selection, dosing, and increases
in dosing, (c) a limited formulary to promote staff famil-
iarity with drugs used, and (d) regular assessment of pain
and anxiety levels with guidance for intervention through
adjusted drug dosing.”*” Table 5 gives one example of a
pain and sedation treatment guideline. Treatment of opi-
oid tolerance includes switching of opioids (morphine —
fentanyl — methadone) and coadministration of drugs
acting on nonopioid receptors (ketamine—/N-methyl-p-as-
partate [nonsteroidal antiiflammatory drugs] antagonist,
dexmedetomidine- or clonidine-a,-agonist and gabapen-
tin-like drugs).

Acetaminophen and nonsteroidal antiinflammatory
drugs (NSAIDs) are useful first-line analgesic for minor
burns. However, oral NSAIDs and acetaminophen exhibit
a ceiling effect in their dose—response relationship, render-
ing them unsuitable for the treatment of severe burn pain.”®
NSAIDs can also have deleterious effects on gastric mucosa
and renal function. NSAIDs and benzodiazepines are com-
monly combined with opioids to relieve procedural pain.
Pain is exacerbated by anxiety, which may be reduced by
benzodiazepines. Antidepressants appear to enhance opi-
ate-induced analgesia, especially in patients with chronic
(neuropathic) pain. The tolerance to opiates seems to be
exaggerated by long-term administration of the benzodi-
azepine, midazolam.”” Anticonvulsants may be useful after
burns but have not been adequately tested. Clonidine or
dexmedetomidine (a.,-adrenoceptor agonists) can be a useful
adjunct in reducing pain without causing pruritus (itching)
or respiratory depression. However, it can cause hypoten-
sion in higher doses and in the presence of hypovolemia,
therefore should not be given to hemodynamically unstable
patients.'?*1%! Dexmedetomidine has been used to provide
sedation—analgesia for burned patients and to decrease opi-

oid requirements.'?'-103
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Summary

Burn-injured patients frequently require surgical treatment,
yet pose a myriad of pathophysiologic challenges to acute and
perioperative care. Optimal care of the burn-injured patients
requires a comprehensive preoperative assessment and atten-
tion to risk factors (e.g., burn shock and resuscitation, diffi-
cult airway anatomy, inhalation injury) that predispose these
patients to increased morbidity and mortality. Anticipation
of these issues, as well as awareness of the alterations in phar-
macokinetics and pharmacodynamics in patients with burn
injury, is essential. Significant losses of blood volume and
body temperature are not uncommon sequelae in the intra-
operative period. Appropriate precautions should be taken
to prevent these. Safe care can be provided by understand-
ing, appreciating, and anticipating the unique preoperative,
intraoperative, and postoperative issues and problems of the
burn patient.
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