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Burns are the fourth most common type of trauma worldwide, with over 95 per cent of deaths attributed to burns occurring in low-
to middle-income countries.! Anaesthetists are involved in the full spectrum of care for burn patients, from the initial resuscitation
post injury through to reconstructive surgery and management of chronic pain that may result.

The World Health Organization (WHO) defines a burn as “an injury to the skin or other organic tissue primarily caused by heat or
due to radiation, radioactivity, electricity, friction or contact with chemicals”? Burns are classified according to severity through an
assessment of depth, width and regions involved.? Significant burns result in distinct local pathophysiological changes, which then
result in a systemic response that affects all major organ systems in the body.

The effect of burns on the cardiovascular system results in a distinct form of shock — burn shock.:? The treatment for this is
appropriately managed fluid resuscitation, especially within the initial 24 hours post injury. Fluid resuscitation that maintains
tissue perfusion without being excessive has a survival benefit.> There is currently no robust data that dictates the type, amount or
timing of the fluid used or the ideal endpoints of resuscitation.* Patients with major burns should be managed in specialised burn

centres under the care of experienced clinicians for the best possible outcomes.
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Burn injuries represent a significant global health burden.? Burns
are the fourth most common type of trauma worldwide, with over
95 per cent of deaths attributable to burns occurring in low- to
middle-income countries. Anaesthetists are involved in the full
spectrum of care for burn patients, from the initial resuscitation
postinjury to reconstructive surgery and management of chronic
pain that may result. As the scope of this topic far exceeds what
could possibly be covered here, the author aims to highlight the
pathophysiology of severe burns, which ultimately informs the
management thereof with specific reference to the initial fluid
management.

Classification

Historically, burns have had issues regarding nomenclature.
Various mechanisms of injury with distinct pathophysiology
are all classified as burns, largely because of the similarity in ap-
pearance of the tissue damage that occurs.® The World Health

Table I: Classification and characteristics of burn wound depths

Organization (WHO) defines a burn as “an injury to the skin or
other organic tissue primarily caused by heat or due to radiation,
radioactivity, electricity, friction or contact with chemicals”?
Burns are classified according to severity through the assess-
ment of depth, width and regions involved. The classification
and characteristics of burn wound depths are shown in Table I.2

The accurate assessment of the total body surface area (TBSA)
of the wound remains challenging. The most commonly used
methods include the Wallace Rule of Nines, the Palmar Method
and the Lund-Browder chart. All of these methods result in a
subjective estimation of the affected area. The Lund-Browder
chartis the most accurate, but it lacks clinical efficiency.SThe Rule
of Nines is clinically efficient but results in an overestimation.¢
The Palmar Method is useful for smaller wounds.

The various complex mechanisms that result from burn in-
juries have undergone extensive research. The driving forces

Burn depth Layers involved Characteristics

Healing

Superficial thickness
(1st degree)

Epidermis

Superficial partial-thickness Epidermis and

(2nd degree) papillary dermis blanch

Deep partial-thickness
(2nd degree)

Epidermis, papillary
and reticular dermis

Painful, warm, erythematous, soft to touch, blanch

Very painful, erythematous, soft, blistering, moist,

Painful to pressure, blistering, wet (when blisters
rupture) or waxy dry, firm, non-blanching, variable

Desquamation + 1 week later, no
scaring

2-4 weeks without scaring, pigment
change may occur

> 4 weeks with scaring

mottled appearance, mottled discolouration from

white to red

Full-thickness
(3rd degree)

Epidermis, dermis
and hypodermis

Painless, white/brown, dry, firm and leathery, no
blanching/blistering

Prolonged healing, scar formation, large
areas need grafting
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for the research have been to improve clinical therapies and
thereby improving possible outcomes. Unfortunately, although
the complexities have become clearer, this has not translated
into improved treatment options with better outcomes.’
An understanding of the pathophysiology associated with
this unique trauma will, however, provide the basis for the
knowledge required for the numerous challenges presented by

its management.
Pathophysiology

The skin is the largest organ of the body.® It has numerous
functions including acting as a barrier and regulating body

temperature.

The initial burn injury results in three distinct zones which
extend in all directions - as described by the Jackson’s Burn
Wound Model.® The central zone of coagulation is the area of
maximal injury causing irreversible necrosis. The intermediate
zone of stasis or ischaemia is characterised by decreased
perfusion. This is a watershed area or penumbra where the
tissue is potentially salvageable. The outer zone of hyperaemia
is characterised by an increase in blood flow and inflammation.
After the initial injury, these areas continue to evolve over the
next 24-48 hours.

The initial injury results in the local release and up-
regulation of vasoactive and proinflammatory mediators
(histamine, prostaglandins, bradykinin, serotonin, substance
P, TNF-a, thromboxane and nitric oxide) from mast cells and
macrophages.”*This leads to local vasoconstriction and increased
capillary permeability, which results in localised burn wound
oedema. The initial injury causes microvascular dysfunction via
thrombosis of damaged vessels and the release of proapoptotic

factors (Bax, Bcl-xl and caspase-3).’

Numerous mechanisms result in the enhanced production and
release of reactive oxygen species (ROS).”® ROS cause local
cellular membrane dysfunction and fuels the immune response.
With an injury involving a TBSA greater than 15-30% (major
burn), the zone of hyperaemia extends to the rest of the body.>¢8
Systemic release of inflammatory mediators and cytokines
(TNF-a and interleukins) lead to widespread increase in capillary
permeability with associated extravasation of fluid and protein.
The cellular membrane dysfunction also extends to uninjured
tissue and leads to the disruption of the sodium-ATPase pump
activity.? This results in an increase in intracellular sodium that
worsens the hypovolaemia and cellular oedema.’ The movement
of fluid into the interstitium is exacerbated by an increased
capillary hydrostatic pressure, decreased interstitial hydrostatic
pressure, increased interstitial oncotic pressure and decreased
capillary oncotic pressure.® The systemic effects induced by

major burns affect all the major organ systems.’

Cardiovascular system

Cardiac dysfunction resulting from burns is complex and mul-
tifactorial. During the ebb (initial) phase, cardiac output is
reduced. This results from the interplay of:

+ hypovolaemia,
« increased systemic vascular resistance,

« decreased cardiac contractility (circulating humoral factors —
TNF-a/ROS/endothelin 1/interleukins),

« decreased myocardial response to catecholamines (endoge-
nous and exogenous due to decreased receptor affinity and a
decrease in 2nd messenger production), and

« decreased coronary blood flow.1°

Burn shock, which is the wunique combination of
distributive, hypovolaemic and cardiogenic shock, results
from the effects of burns on the cardiovascular system.?
The flow phase begins 24-96 hours post injury and is akin to
the classic systemic inflammatory response. This hyperdynamic
and hypermetabolic phase is characterised by an increased
cardiac output, tachycardia, increased myocardial oxygen
consumption and decreased systemic vascular resistance.®'°
There is also direct cardiac damage, mediated by inflammatory
mediators (macrophage migration inhibitor factor which is
released by the injured skin and cardiac myocytes) and burn-
induced oxidative stress which leads to mitochondrial damage.”
Cardiac dysfunction results in impaired left ventricular systolic
function, impaired isovolemic relaxation and a decrease in
the diastolic compliance.” Left heart failure can ensue with
increased filling pressure which exacerbates the extravasation of
fluid into the lungs.”® This leads to an increase in right ventricular
workload with increased ventricular filling pressures and venous
congestion, leading to right heart failure.'

Pulmonary system

Pulmonary complications from burns may result from the sys-
temic complications of a major burn injury to the skin, direct
inhalation injury or from burns to the chest wall that interfere
with pulmonary function. The systemic effects of a distant
burn lead to an increase in pulmonary vascular resistance and
disruption of the pulmonary capillary alveolar membrane. There
is increased extravascular lung water with impaired gaseous
exchange.

Direct inhalation injury is classified in one of the following four
ways:>1

1. upper airway injury

2. lower airway injury

3. pulmonary parenchymal injury

4. systemic toxicity

Thermal injury and chemical irritants damage the upper airway.
The injury results in the denaturing of proteins with activation

of the complement system leading to histamine release.!" Similar
to the local effects of a burn wound to the skin, there is release of
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multiple inflammatory mediators and ROS with resultant upper
airway oedema.”'" This airway oedema evolves over the initial
24 hours post injury and can rapidly lead to airway obstruction.”
Haemorrhage, ulceration and laryngospasm may result within
the first 24 hours post injury.” The lower airways are protected
from thermal injury (except from steam or blast injuries) by the
upper airway which has efficient heat exchange mechanisms.!
However, chemical irritants from the inhaled smoke result in
injury to the lower airways. Surfactant functioning is imme-
diately inactivated.”” Chemical irritants are caustic and trigger
a local inflammatory response.' There is a tenfold increase
in the bronchial blood flow within minutes of the injury.
This contributes to the increased capillary permeability and
damage to the bronchial epithelium." Exudate rich in protein,
inflammatory cells and necrotic debris is produced by the
damaged epithelium.” The inflammatory cells are chemotactic
and cause migration of neutrophils through the glandular
epithelium into the luminal airway.”'" The damaged epithelium
inhibits the mucociliary apparatus of the trachea which allows
the migration of upper airway material. This increases the risk
for the development of airway obstruction and infection.” The
extravasation of fluid leads to a decrease in the diffusion capac-
ity resulting in a P/F (PaO2/FiO2) ratio of less than or equal to
200 after 24 hours post injury." Initially, the secretions from the
goblet cells are copious and foamy but in the hours and days post
injury the secretions solidify, forming casts which leads to airway
obstruction.” The chemical irritants can also result in an acute
bronchospasm.” Lung parenchymal damage is delayed and will
depend on the severity of the injury (duration of exposure) as
well as the individual’s unique response. Parenchymal damage
is associated with exacerbation of the extravasation of fluid from
the pulmonary vessels. There is an increase in the pulmonary
microvascular pressure and a loss of hypoxic pulmonary
vasoconstriction.” The combination of injury leads to ventilation—
perfusion mismatch that worsens the hypoxaemia and leads to
acute respiratory distress syndrome.

Systemic toxicity results from the inhalation of chemicals, mists,
fumes, gases and cytotoxic liquids." Common presentations
include carbon monoxide and hydrogen cyanide poisoning.

Renal system

Acute kidney injury (AKI) occurs early during the ebb phase as
a result of decreased renal perfusion during the resuscitation
period.? Decreased renal perfusion is primarily attributable to
burn shock. This can be further aggravated by an increase in
intra-abdominal pressure, which can progress to intra-abdominal
compartment syndrome.” The increased pressure is attributable
to a decrease in abdominal wall compliance from circumferential
burns in the region. This is associated with early multiple organ
dysfunction and a higher mortality risk. If burn shock is man-
aged appropriately through fluid resuscitation, early forms of
AKI may be mitigated. Also, if there is significant injury to the soft
tissue muscle, breakdown results in the release of myoglobin
which is toxic to the kidney tubules and causes acute tubular
necrosis. Late AKI is secondary to sepsis.” The mechanisms are

multifactorial and poorly understood. The incidence of AKI in
burn patients is as high as 30%.3

Neurological system

In the ebb phase, cellular hypoxia leads to an increase in intra-
cranial pressure and cerebral oedema.” This hypoxia may
present acutely with agitation, confusion, ataxic gait, abnormal
posturing, decreased level of consciousness and seizures.”

Nerve regeneration begins in the recovery phase.” The sprouting
and migration of nerve fibres is an imperfect process and this is
the cause of the high rate (36%) of chronic pain post injury.”

Gastrointestinal system

After a major burn, blood flow to the bowel decreases by close
to 60% of normal and remains low for up to 4 hours."® The
gastrointestinal system is also susceptible to the effects of an
increase in intra-abdominal pressure.

Management principles

Fluid management

Appropriate fluid resuscitation of major burn patients during
the first 24 hours post injury has survival benefits.? The goal of
fluid resuscitation is to maintain tissue perfusion in the setting
of burn shock.? The most commonly used formula to estimate
the amount of fluid required is the Parkland formula, which is as
follows:

First 24 hours

Total amount of fluid (ml) = % TBSA burnt x patient weight x 4
with 50% administered in the first 8 hours post injury and the
remainder in the next 16 hours.3'°

Next 24 hours

Colloids given as 20-60% of calculated plasma volume. No
crystalloids. Glucose is added to maintain urinary output of
0.5-1.0 ml/kg/hr.3

The Modified Parkland formula is the same in the initial 24 hours,
but in the subsequent 24 hours 5% albumin at 0.5 ml/kg/TBSA is
administered.?

This formula provides only an estimation of the fluid require-
ment and is inaccurate for a number of reasons.’® The formula
contains two variables that are estimated - the TBSA affected
(which should exclude areas with partial-thickness burns) and
the patient’s weight. The formula also does not take into account
numerous other factors that determine fluid requirements,
including the unique host response to the injury, mechanism
of injury, presence of inhalation injury, comorbidities and the
extremes of age.”® The Parkland formula, however, remains the
starting point for fluid resuscitation, with hourly assessments
(dynamic period) in line with goal-directed resuscitation
therapy. The amount of fluid needs to be sufficient to maintain
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organ perfusion without being excessive. Excessive fluid, termed
“fluid creep’, is deleterious and results in injury to the glycocalyx,
increased mortality, extension of the zone of necrosis, pulmo-
nary oedema, AKI, impaired wound healing, acute respiratory
distress syndrome (ARDS), and intra-abdominal and limb
compartment syndrome.*81°

Type of fluid

The most commonly-used fluid in major burn patients is
Lactated Ringers.® Although hypo-osmolar, it is effective at
restoring extracellular sodium deficits. The lactate is metabolised
to bicarbonate by the liver, assisting with the metabolic acidosis
associated with severe burns.# In addition, Lactated Ringers
is inexpensive, readily available, and has no specific storage
requirements.*The use of a balance crystalloid as the primary fluid
in resuscitation relates to the high volumes required. At these
volumes, normal saline has a high incidence of hyperchloraemic
acidosis and AKI.810

Hypertonic saline use in the resuscitative period gained pop-
ularity more than half a century ago.* The theory for its initial
use was that it would act osmotically to draw fluid from the
interstitium, thus limiting oedema formation and reducing the
total fluid volume required for resuscitation. However, research
has shown that the use of hypertonic saline is associated with
hypernatremia, acute renal failure and increased mortality. 4

The use of colloids, starches, aloumin and plasma in burn re-
suscitation remains controversial.#'® During the initial 24 hours
(resuscitative phase) after a burn injury, there is increased
capillary permeability. Thus, the use of colloids, starches and
plasma in this period may cause the passage of large molecules
into the interstitial space exacerbating the oedema.’® Within
5-8 hours after the initial injury, capillary permeability at distant
sites returns to baseline. Therefore, the use of albumin, plasma
and synthetic colloids after this period could restore circulating
volume with less fluid volume, which would translate to less
tissue oedema.* The use of hydoxy-ethyl starch in critically-ill
patients has been associated with a higher incidence of morta-
lity and AKI, leading to judicious use.'® Additionally, a Cochrane
review showed that there is no mortality benefit when using
colloids over crystalloids alone in critically-ill patients.'? The use
of albumin in the first 24 hours post injury has had conflicting
results when the outcome of mortality was assessed.' The high
cost, lack of optimal dosing, plasma concentration and patient
selection, make it a less attractive option in this specific setting.*
Further high-quality research is required to guide the use of
albumin in burn injuries.

Expert opinion does advocate for the use of albumin under the
following circumstances:*

« In a severe burn patient where the resuscitation requires
high volumes of fluid to maintain tissue perfusion there is a
dilution effect of the remaining albumin that can further
exacerbate the extravasation of fluid. To prevent this, an
albumin concentration above 12-15 g/l is required.

+ When fluid resuscitation using the Parkland formula fails to
maintain tissue perfusion, albumin administration may be
considered.

Plasma is associated with transfusion-associated lung injury and
allergic and anaphylactic reactions with no clear benefit.*

The mainstay of fluid resuscitation continues to be with Lactated
Ringers.

Goal-directed fluid management

Regular assessments during the resuscitation period are required
to optimise fluid management. The rate of fluid administration is
titrated based on predetermined goals.* There is no consensus
on the optimal goals used. However, common practice is to
use the mean arterial blood pressure (> 65-70 mmHg) and
urine output (0.5-1.0 ml/kg/min).*'° Adequate urinary output is
thought to reflect sufficient renal perfusion and is, therefore, a
surrogate of adequate cardiac output and tissue perfusion as a
whole. These endpoints, although practical and easily measured,
do not accurately reflect cardiac output or tissue perfusion.'
There are numerous contributing factors to renal dysfunction
in the severely burnt patient that may affect urine output.®
Kidney injury may result from haemolysis, rhabdomyolysis, the
inflammatory response or neurohormonal mediated intra-renal
vasoconstriction.'® Elevated lactate levels and the base deficit
correlate with mortality in burn injuries.* Tracking these levels
may offer insight into resuscitation efforts.

More invasive techniques to guide fluid resuscitation have been
investigated; however, the literature is beset with small sam-
ple sizes and poor methodology.? Static measures of preload
including intrathoracic blood volume and central venous
pressure resulted in excessive fluid administration without
benefit.’® Lithium dilution cardiac output monitoring resulted in
lower overall fluid administration without any benefit in organ
dysfunction or mortality when compared to a control group
which used dynamic preload variables using pulse contour
analysis.”® The pulmonary artery catheter has been used to
guide resuscitation with improved survival; however, this tech-
nique is associated with numerous potential complications.*
Transoesophageal echocardiography can add data to burn
resuscitation through the assessment of cardiac parameters.*
Additionally, real time responsiveness to resuscitation efforts
can be assessed.* There is currently no data to validate
transoesophageal echocardiography for this indication and it
requires both a specialised skillset and the necessary equipment.#

Fluid management in the setting of severe burn patients
remains challenging. A thorough understanding of the under-
lying pathophysiology guides management during the initial
fluid resuscitation period and beyond.
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