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Overview of Burns

Melvin A. Shiffman

1 Introduction

Burns can be one of the most devastating injuries,
although ranging from first-degree burn that can
be treated at home to third- and fourth-degree
burns that can require extreme care both medi-
cally and surgically that can, hopefully, keep the
patient alive but with major scars that may remain
to be treated.

2 History

Cave paintings from more than 3500 years ago
showed burns and their management [1]. The ear-
liest Egyptian records on treating burns describe
dressings prepared with milk from mothers of
baby boys [2]. The 1500 BCE Edwin Smith
Papyrus describes treatments using honey and
the salve of resin [1]. Tea leaves were used by the
Chinese as early as 600 BCE. Hippocrates
described the use of pig fat and vinegar in
400 BCE, while Celsus used wine and myrrh in
100 CE [1]. Ambroise Paré was the first to
describe different degrees of burns in the 1500s
[3], and Guillaume Dupuytren developed the 6°
classification of burns 1832 [4, 5].
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James Syme established the first burn unit
in Edinburgh in 1843 [6]. He argued that mix-
ing burn patients with postoperative patients
would make him “chargeable with the highest
degree of culpable recklessness.” This logic
motivated the Edinburgh Royal Infirmary
leadership to set aside the former high school
janitor’s house for burn patients. This experi-
ment was relatively short-lived, however, since
burn patients were transferred to one of the
“sheds” in 1848 to make way for an increased
number of mechanical trauma casualties from
railway accidents. Glasgow Royal Infirmary
had from 1833 to 1933 accumulated 100 years
of experience with over 10,000 burn patients
and in 1883 established a separate burn ward.
In Dunbar’s report on these patients, he com-
mented that in the pre-antiseptic era, only the
worst burns would come to the hospital; there
were a biphasic mortality pattern (with the
highest number of deaths between postburn
hours 12-24), a high incidence of streptococ-
cal wound infection, the infrequency of skin
grafting, and a frustratingly high mortality
rate of 20-30% despite the introduction of
antisepsis.

During World War I, Henry D. Dakin and
Alexis Carrel developed standards for the
cleaning and disinfecting of burns and wounds
using sodium hypochlorite solutions, which
significantly reduced mortality [1]. In the
1940s, the importance of early excision and
skin grafting was acknowledged, and around
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the same time, fluid resuscitation and formu-
las to guide it were developed. In the 1970s,
researchers demonstrated the significance of
the hypermetabolic state that follows large
burns.

3 Types of Burns

1. Heat burns (thermal burns):

Caused by fire, steam, hot objects, or hot
liquids.

2. Cold temperature burns:

Caused by skin exposure to wet, windy, or
cold conditions.

3. Radiation burns:

Caused by the sun, tanning booths, sun-
lamps, X-rays, or radiation therapy for cancer
treatment.

4. Chemical burns:

Caused by contact with household or
industrial chemicals in a liquid, solid, or gas
form.

5. Electrical burns:

Caused by contact with electrical sources
or by lightning.

6. Friction burns (abrasion and heat burns):

Caused by contact with any hard surface
such as roads (“road rash”), carpets, or gym
floor surfaces.

7. Inhalation injuries:
Breathing in hot air or gases can injure the lungs.

4 Burn Degree [7, 8]

1. First-degree burns:

Burns of the epidermis. Painful but no blis-

ters and get better over 3—7 days
2. Second-degree burns:

Superficial partial-thickness burns to the
papillary layer. Pink, moist, and painful and
forms blisters. Heal within 2-3 weeks without
scarring

Deep partial-thickness burns to the reticu-
lar layer. White, pink, or red but less painful
and fairly dry. Slow capillary refill. Heal
within 3-8 weeks with scarring

3. Third-degree burns (full-thickness burns):

Injury to all the skin layers and subcutaneous
layer. Leathery, no pain, and no capillary refill.
Heal by epithelial migration from the periphery

4. Fourth-degree burns:

Extend through the skin and subcutaneous
tissues to injured muscle, ligaments, tendons,
nerves, blood vessels, and bones. Black and
necrotic

5 In this Article

5.1 Symptoms of Burns
The symptoms of burns depend on the cause and
type of burn. They can include:

Red skin or pale and clammy skin.
Blisters with peeling.
Swelling.
Pain: The degree of pain is not related to the
severity of the burn. The most serious burns
can be painless.
Faintness.
Weakness.
Decreased alertness.
Dizziness.
9. Bluish lips and fingernails.
10. Muscle twitching.
11. Seizures.
12. White or charred skin.
13. Irregular heartbeat.
14. Shock.
15. Cardiac arrest.
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6 Surface Area Assessment
of Burns

Smart (1876) [9] noted that burn severity was deter-
mined by their size and depth as well as other bodily
systems that were affected including airway.

6.1 Rule of Nines

The rule of nines was devised by Pulaski and
Tennison in 1947 [10] and published by Wallace
in 1951 [11].
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The extent of burn injury to the skin can be
estimated using the “rule of nines” (Fig. 1). This
allocates approximate percentages to the major
anatomical areas relative to the total body sur-
face area (TBSA). The adult head and neck are
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Fig. 1 Rule of nines

allotted 9% of TBSA, each upper limb 9%, each
lower limb 18%, each anterior and posterior sur-
faces of the trunk 18%, and perineum and uro-
genital structures 1%. The area of an adult palm
and fingers is approximately 1% of TBSA, and
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the total of multiple scattered areas of burn
injury can be estimated using the open hand size
as a guide.

6.2 Serial Halving

Serial halving is a prehospital assessment tool
for burns. Using this method, the assessor
decides if the area burned is greater than half
of total body surface area (TBSA), between a
quarter and half, between an eighth and a
quarter, or less than an eighth. This can be
useful in decisions about initial management
and does not depend on knowledge of the pro-
portion of the major anatomical areas relative
to the TBSA.

Smith et al. (2005) [12] found no statistical
difference between serial halving and the rule
of nines as an initial assessment tool when
determining dispositional. Serial halving has
an inherent weakness when assessing certain
sizes of burn. The rule of nines requires that
the assessor knows and understands the pro-
portionate areas of the body. The mathematics
of percentages and fractions appeared to con-
fuse some assessors. Simply stated, a burn
from the wrist to the elbow is 50% of the arm,
while a burn from the wrist to the mid-forearm
is 25% of the arm. A burn from the feet to the
nipple line is 75%.

6.3 Berkow Formula (Berkow’s

Table)

Berkow (1924) [13] described a method of esti-
mating the extensiveness of lesions (burns and
scalds) based on determining the percentage of
total body surface affected by a burn. A method
for the formula is derived from the rule of nines
where certain body areas account for 9% each
and the total body area is given a value of 99. The
remaining 1% is the perineum. The age of the

patient is taken into consideration when applying
the Berkow formula. For example, the head of a
1-year-old child is proportionately larger than
that of an adult; therefore, the 1-year-old’s head
would account for 19% of total body surface,
while the head of an adult would account for 7%.

6.4 Lund and Browder Chart

A series of charts was produced by Lund and
Browder in 1944 [14]. They are useful in the
management of burns of children for estimating
the total body surface area affected. It takes into
consideration the age of the person, with decreas-
ing percentage of body surface area (BSA) for
the head and increasing percentage of BSA for
the legs as the child ages. Children have smaller
extremities but larger heads than adults.

More accurate assessment can be made using a
Lund and Browder chart that maps the percentage
total body surface area (TBSA) in a little more
detail and includes some of the variations that
occur with age, from birth to adulthood (Table 1).

The degree of burn can be drawn on Fig. 2.

7 Resuscitation Fluid

For calculation of resuscitation fluid, Jain (2014)
[15] used the Berkow formula to determine the
percent surface area burned.

A simplified version of the Parkland
burn therapy fluid formula is described by

Table 1 Lund and Browder chart

Age Age Age Age Age

Area 0 1 5 1 15 Adult
1/2 of the 91/2 81/2 61/2 51/2 41/2 31/2
head

1/2 of the 23/4 31/4 4 412 4172 43/4
thigh

1/2 of the 2172 21/2 23/4 3 41/4 3172
lower leg
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2nd degree 3rd degree

Fig.2 Lund and Browder

Freshwater and Su (1979) [16]. The rule 8 Indications for Referral

states that for the first 8 h after burn, the to a Burns Unit [17]

hourly rate of Ringer’s lactate solution (in mil-

liliters per hour) equals the patient’s weight in 1. All complex injuries should be referred.
pounds multiplied by the percent burn and 2. A burn injury is more likely to be complex if
divided by 9. associated with:
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(a) Extremes of age—under 5 or over 60 years
3. Site of injury:
(a) Face, hands, or perineum
(b) Feet (dermal or full-thickness loss)
(c) Any flexure, particularly the neck or axilla
(d) Circumferential dermal or full-thickness
burn of limb, torso, or neck
4. Inhalational injury:
(a) Any substantial injury, excluding pure
carbon monoxide poisoning
5. Mechanism of injury:
(a) Chemical injury >5% of total body sur-
face area
(b) Exposure to ionizing radiation
(c) High-pressure steam injury
(d) High-tension electrical injury
(e) Hydrofluoric acid burn >1% of total body
surface area
(f) Suspicion of non-accidental injury
6. Large size (dermal or full-thickness loss):
(a) Pediatric (<16 years old) >5% of total
body surface area
(b) Adult (>16 years) >10% of total body
surface area
7. Coexisting conditions:
(a) Any serious medical conditions (cardiac dys-
function, immunosuppression, pregnancy)
(b) Any associated injuries (fractures, head
injuries, crush injuries)

9 Mortality in Burns

Schjerning (1884) [18] advanced the idea of the
relation of mortality with burn size in 1884. He
found that death always followed if two thirds of
the body was burned, was to be expected if 50%
of the body was burned, and generally occurred if
a third of the body was burned.

9.1 Baux Score

The Baux score is a system used to predict the
chance of mortality due to severe burns. The
score is an index which takes into account the
correlative and causal relationship between mor-

tality and factors including advancing age, burn
size and the presence of inhalational injury.
Studies have shown that the Baux score is highly
correlative with length of stay in hospital due to
burns and final outcome.

9.1.1 Original Method

The original Baux score was proposed by Baux
in 1961 [19]. Two factors were used. The first
was the total body surface area affected by burn-
ing (usually estimated using the Wallace rule of
nines or calculated using a Lund and Browder
chart) and the second being the age of the patient.
According to Roberts et al. (2012) [20], the Baux
score continues to provide an indication of the
risk of mortality.

9.1.2 Modified Baux Score

The modified score takes into account the effect
of inhalation injury. It was found that inhalation
injury resulted in an increase of around 17 on the
Baux score, and this addition means that a patient
with inhalation injury would have their score cal-
culated by body area affected + age of patient + 17
[21]. Recent analysis of mortality in burn units
worldwide has shown that for well-performing
units the LD50 (the point at which 50% of
patients would be expected to die) for major
burns has significantly improved and the best
units have a modified Baux score of 130-140.
This means that all burns in children (except
100% TBSA full-thickness burns) should be con-
sidered survivable injuries and actively treated
[22].

9.2 The Belgian Outcome in Burn

Injury (BOBI)

The Belgian Outcome in Burn Injury (BOBI)
prediction model consists of a 0—10 point score
based on three major predictors for mortality:
increasing age, total burned surface area, and the
presence of inhalation injury [23]. This is an
easy-to-use prediction model, which proved to be
accurate in distinct populations with severe burn

injury.
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9.3 Charlson Comorbidity Index

(cq)

Heng et al. [24] reviewed the revised Baux score,
Belgian Outcome in Burn Injury (BOBI) score,
Abbreviated Burn Severity Index (ABSI), APACHE
II score, Sequential Organ Failure Assessment
(SOFA) score, and updated Charlson Comorbidity
Index (CCI). Only the revised Baux score and the
updated CCI were independently associated with
shorter time to death. The data suggested that the
revised Baux score and the updated Charlson
Comorbidity Index (CCI) are independently associ-
ated with inpatient mortality in patients admitted to
intensive care with burn injuries affecting >15%
total burn surface area (TBSA). This emphasizes
the importance of comorbidities in the prognosis of
patients with severe burn injuries.

The Charlson Comorbidity Index (CCI)
assesses the comorbidity risk associated to a
series of conditions in order to offer medical spe-
cialists an informed decision-making process in
terms of specific screenings or medical proce-
dures [25]. The index accounts for the patient age
and 16 conditions. This instrument is used to cat-
egorize comorbidities of patients and uses the
International Classification of Diseases (ICD)
diagnosis codes [26].

9.3.1 Charlson Comorbidity Index
Scoring System

The CCI index predicts the 10-year mortality for
patients presenting one or more of the conditions
in the model. This is an index used in decision-
making when a medical professional is presented
with a treatment solution but needs to take into
account the short- and long-term benefits of the
treatment in a patient with other comorbidity
conditions and should assess their long-term risk.
Comorbidity is the term given to the presence of
one or more additional conditions existing simul-
taneously, independently or not (with or without
a causal effect), with a disease considered pri-
mary. It also suggests the effect of one or more
additional conditions on the primary disease.

The age groups and each condition are awarded
a specific number of points, some conditions

Table 2 Charlson Comorbidity Index scoring system

Score Condition

1 Over 40 years of age: Divided into four age
groups of different
risk—under 50, between 50 and 59, between 60
and 69, and 70 or over
Myocardial infarction: Patient or family
Congestive heart failure
Peripheral vascular disease peripheral artery
occlusive disease and peripheral obliterative
arteriopathy, including aortic aneurysm
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Connective tissue disease
Peptic ulcer disease
Mild liver disease
Diabetes without end organ damage (excludes
diet controlled alone)

2 Hemiplegia
Moderate or severe renal disease
Diabetes with end organ damage or brittle
diabetes
Tumor without metastasis except over 5 years
Leukemia
Lymphoma

3 Moderate or severe liver disease

6 AIDS (not just HIV positive)

weighing more than others, based on the adjusted
risk of mortality (Table 2). The more points given,
the more likely the predicted adverse outcome.
The index then sums the points and offers a
10-year survival/mortality prognosis.

9.3.2 Calculating the Charlson
Probability

This is the method through which the CCI score
is transformed into a survival/mortality percent-
age: taking into account that C is the score result
obtained by adding the points. For example, at a
score of 6, the 10-year survival is 2.25%.

The list of comorbidities has been modified to
17 categories by Deyo et al. (1992) [27]. The list
of specific ICD diagnosis codes that are used to
identify different categories of comorbidity has
been modified by Romano et al. (1993) [28] and
updated from ICD-9-CM to work with ICD-10
coding by Quan et al. (2005) [29]. The original
weights developed for use with the index have also
been modified by Schneeweiss et al. (2003) [30].
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There have been several variations to the index
such as the Charlson-Deyo, Charlson-Romano,
Charlson-Manitoba, and Charlson-D’Hoores
comorbidity indices.

10 Treatment of Burns

The treatment of burns is dependent on the type
and extent of the burns. A first-degree burn can
be treated at home. The only symptom may be
pain, and acetaminophen or ibuprofen may be
used. The wounds are best treated with cool water
for 5 min or longer to decrease the discomfort. If
the patient still complains, lidocaine with aloe
vera gel or cream may be used. At times, an anti-
biotic ointment with loose gauze can be applied
especially on the knees, ankles, feet, spine, shoul-
ders, elbows, and forearms. These will heal in
7-10 days.

With second-degree burns, there will be blis-
ters and soreness. Pain medication such as acet-
aminophen or ibuprofen may be used. Running
cool water on the region for about 15 min may
help. Some blisters may burst and a wet or weep-
ing appears. This can be treated with an antibiotic
cream. Over time, thick, soft, scab-like fibrinous
exudate may develop over the wound keeping the
area clean, and bandaging it properly is required
to prevent infection. Colloid (dextran or plasma)
may be necessary. The wound heals in 3 weeks or
longer. Rarely is a skin graft necessary.

Third-degree burns require hospitalization,
and treatment is dependent on the extent of the
area burned. There may not be significant pain
except with dressing changes. If there is less than
15% of the body involved, fluid requirements are
minimal and can be met with oral salt-soda solu-
tion containing 3 Gm of sodium chloride and
1.5 Gm of sodium bicarbonate [31].

In more extensive burns, the first 24 h should
have colloid (whole blood), 0.5 mL per Kg body
weight for each percentage of body surface
burned, and electrolytes 1.5 mL per Kg body
weight for each percentage of body surface
burned. About 2000 mL of glucose should be
administered. More than 50% burn is calculated
as a 50% burn.

Extensively burned patients should have one
half of the fluids in the first 8 h, and more colloids
may be necessary. In the second 24 h, one half of
the first 24 h of electrolytes and colloids should
be infused with 2000 mL of glucose in water
[31]. The rate of fluid administration depends on
the blood pressure (if falling) and the urine out-
put under 30 mL/h. If the urine output is more
than 50 mL/h, the rate of administered should be
slowed. The rate of infusion is slowed if the
patient has respiratory involvement. The serum
sodium level should not exceed 140 meq/L. From
the 3rd to the 12th day, electrolyte imbalances
occur and should be followed at least daily. When
diuresis occurs, electrolyte-free water should be
given in order to maintain the serum sodium at
about 135 meg/L. Maintain the hematocrit at
about 45%.

In extensively burned patients, the wounds
should be cleaned thoroughly and debris and
dead tissue removed. An occlusive dressing may
be applied, but this may be conducive to infection
because of the warmth and moisture. Changing
dressings daily is painful, and morphine is usu-
ally required. The risks of general anesthesia may
be necessary if the patient still cannot tolerate the
dressing changes. Exposure of the area, if possi-
ble, allows the wound to be examined frequently
for early detection of infection.

11 Complications
11.1 Metabolic Disturbances
with Hypermetabolism

A burn of over 20% of the body is conducive to
metabolic disturbances with hypermetabolism,
increased gluconeogenesis, insulin resistance,
increase in endogenous lipolysis, and loss of lean
body mass [32, 33].

The nutritional requirements are particularly
increased for glucose and proteins.

There is a maximal oxidation rate for glucose
of 5 mg/kg/min for adults and children that
should not be exceeded to avoid the development
of fatty liver [34]. Protein requirements are
increased to 1.5-2 g/kg/day.
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Table 3 Calculation of caloric requirements in the
patient with burn wounds can be assessed utilizing either
the Curreri or Toronto formulas [35]

Curreri formula = 25 x body weight (kg) + 40 x %
TBSA burned

Toronto formula = —4343 + 10.5 x %

TBSA + 0.23 x previous 24 h caloric intake

+0.84 x Harris-Benedict equation +114 X previous 24 h
maximal temperature—4.5 x days postburn injury

Table 4 Derivation of IBW using the Devine formula
and adjusted body weight (ABW)

Devine formula: Men—ideal body weight

(in kilograms) = 50 + 2.3 kg per inch over 5 ft
Women—ideal body weight (in

kilograms) = 45.5 + 2.3 kg per inch over 5 ft

IBW (male) = 50 + (2.3 x (height [in inches]—60))
IBW (female) = 45.5 + (2.3 x (height [in inches]—60))
ABW = 0.25 x (actual body weight—IBW) + IBW

Enteral nutrition calculator may be used to
calculate the appropriate tube feeding rate and
supplemental protein required to meet a burn
patient’s nutritional needs. It provides the
results of calculations using both the Curreri
and Toronto formulas (Table 3). Protein require-
ments in the burn patient are estimated at 2 g/
kg/day.

11.1.1 Determination of Ideal
and Adjusted Body Weight

If the patient is greater than 20% above ideal
body weight (IBW), the adjusted body weight
should be used in the calculation of enteral nutri-
tion rates for surgical and trauma patients.
Derivation of IBW using the Devine formula and
adjusted body weight (ABW) are shown in
Table 4.

11.1.2 Trace Elements

Trace elements are lost in large amounts with the
exudative losses in adults and children [36, 37].
The losses cause trace element deficiencies in
patients with major burns, if not compensated
(particularly selenium, zinc, and copper). Early
substitution, with doses that represent six to ten
times the recommended parenteral doses, is asso-
ciated with improved wound healing and reduc-
tion of infective complications.

11.1.3 Further Treatment
Wolf et al. (2006) [38] found that propranolol, by
attenuating the sympathetic response and its non-
selective metabolic beta-2 blocking actions,
strongly reduces catabolism and reduces cardiac
workload in children and adults. Anabolic agents,
such as insulin and oxandrolone, accelerate
wound healing and shorten hospital stay.
Oxandrolone started within 7 days of injury has
been shown to improve long-term outcome in
both adults and children in prospective random-
ized trials. Recombinant growth hormone (GH)
probably has its place in the treatment of children
(but not in adult burns patients) as children with
burn injuries have a proven GH deficit.

The hypermetabolic state that may persist for
years after a major burn can result in a decrease
in bone density and a loss of muscle mass [39].

11.2 Multiple Organ Failure

Infective complications lead to multiorgan failure
(MOF), poor outcome, and even death. Sheridan
et al. (1998) [40] reported that burn patients dying
in MOF did not have a high rate of positive blood
cultures in the later phase of their care but suc-
cumbed during so-called “sterile” conditions. This
finding was important as it underlined that infec-
tion is not always the immediate cause of death for
this patient group. Some patients also develop sep-
sis, having had MOF of a different etiology. This
led to the idea that burn injury and the inflamma-
tory reaction secondary to it were important and
significant contributors to the development of MOF
in burn injury. Organ failure occurs in the lung
(ARDS) and kidneys [41-43]. Mortality rates of
patients with increasing number of organs failing
are less than previously documented because of
aggressive surgical approaches used in larger burn
injuries and to a reduction in do not resuscitate
(DNR) orders in some TBSA% ranges.

11.3 Delirium

Antipsychotic drugs are most effective in all
types of delirium such as haloperidol
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(0.5—10 mg), the dose to be reduced when symp-
toms improve, and alternatively or additionally
olanzapine (5-10 mg) [44-46]. However, in
delirium caused by alcohol or sedative hypnotic
withdrawal, benzodiazepines are the treatment of
choice, complemented in time by clonidine (600—
1200 pg/day). Levomepromazine is not advo-
cated to treat delirium in ICU patients.

11.4 Other Complications

A number of complications may occur, with
infections being the most common [47]. In order
of frequency, potential complications include
pneumonia, cellulitis, urinary tract infections,
and respiratory failure. Risk factors for infection
include burns of more than 30% TBSA, full-
thickness burns, extremes of age (young or old)
or burns involving the legs, or perineum [48].
Anemia secondary to full-thickness burns of
greater than 10% TBSA is common. Electrical
burns may lead to compartment syndrome or
rhabdomyolysis due to muscle breakdown.
Pneumonia occurs commonly in those with inha-
lation injuries [49]. Blood clotting in the veins of
the legs is estimated to occur in 6-25% of people.
Keloids may form subsequent to a burn, particu-
larly in those who are Hispanic, Asian, or
African-American. Following a burn, children
may have significant psychological trauma and
experience post-traumatic stress disorder [50].
Scarring may also result in a disturbance in body
image. In the developing parts of the world, sig-
nificant burns may result in social isolation,
extreme poverty, and child abandonment [51].

11.5 Prognosis

Deaths from burn injury increased with advanc-
ing age and burn size and the presence of inhala-
tion injury. For patients under age 60 and with a
TBSA between 0.1 and 19.9, the presence of
inhalation injury increased the likelihood of
death by nearly 24 times [52].

Table 5 Mortality rate by burn group size (TBSA) [52]

% TBSA Mortality rate (%)
0.1-9.9 0.6
10-19.9 2.7
10-29.9 8.4
30-39.9 16.8
40-49.9 26.8
50-59.9 36.7
60-69.9 44.7
70-70.9 55.0
80-89.9 71.4

Table 5 shows the proportion of patients in
each category of total burn size who died and the
case fatality rate. This clearly increased with burn
size. The burn size associated with a 50% case
fatality (LD50) appears to be approximately
65-70% TBSA [52].

Conclusions
Care of the patient with burns is determined
by the total body surface area that is burned
and the degree of the burn as well as the age of
the patient and whether there is concomitant
lung injury from the burn. Secondary prob-
lems such as medical disorders can add to the
patient’s risks of mortality.

Proper and knowledgeable care of the burn
and the patient will make all the difference in
the world.
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