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Prognosis and Treatment of Burns
ROBERTA MANN, MD, and DAVID HEIMBACH, MD, Seattle, Washington

Survival rates for burn patients in general have improved markedly over the past several decades. The de-
velopment of topical antibiotic therapy for burn wounds, the institution of the practice of early excision
and grafting, and major advances in intensive care management have all contributed to this success. In
this review we address these 3 important advances in the modern treatment of burn injuries and provide
a brief historical overview of these accomplishments and others, emphasizing specific achievements of
note and promises for the future. We also discuss 3 topics of interest to burn physicians, including the
special problems and high mortality of elderly bum patients, the disturbingly high mortality in burn pa-
tients with inhalation injury, and the possible use of artificial skin to facilitate rapid wound closure.
(Mann R, Heimbach D: Prognosis and treatment of burns. West J Med 1996; 165:215-220)

The progress that has been made in bum care over the
past four decades has dramatically increased sur-

vival rates for bum victims.12 The advances that led to
this success accompanied the following three giant steps
in the history of modem bum care:

* The introduction of topical antibiotic therapy into
the wound care armamentarium;

* The adoption of the technique of excising the bum
eschar of large bums; and

* Improvements in the technology and clinical skill
in the management of bum wounds, resuscitation, and
nutrition and the prevention and management of associ-
ated pulmonary problems.

These three areas of clinical advancement have merged
to produce an LA50 of 70% (half of patients with 70% of
the total body surface area bumed will survive) compared
with an LA50 of less than 50% in 1952 (Figure 1).3

In this review, we address the three most important
advances in the modem treatment of bum injuries. The
contribution to improved mortality made from these
three giant steps has changed the prognosis of bum
injuries substantially. Next, we provide a brief historical
overview of the progress of mortality of bum injuries.
Finally, we discuss three topics of interest to those who
routinely care for patients with bums, including the spe-

cial problems and high mortality of elderly burn
patients, the disturbingly high mortality in bum patients
with inhalation injury, and the possible use of artificial
skin for facilitating rapid wound closure when donor site
healing is problematic.

Three Giant Steps

Topical Antibiotic Therapy

Safe, effective topical antimicrobial therapy for bum

wounds was first introduced in the mid-1960s.4 By the
early 1970s, decreased mortality was reported in bum
patients treated with topical antibiotic therapy.-7 Over a

ten-year period, the treatment of bum wounds with either
0.5% silver nitrate solu,tion, mafenide acetate cream, or

silver sulfadiazine cream became the standard method of
care for controlling the microbial environment of bum
wounds. The limitations of topical antibiotic therapy
were discussed in 1974, when it was observed that all
topical agents are roughly similar in their ability to con-

trol bum wound sepsis and that all reduce mortality by
about the same degree.8 Furthermore, the development of
topical antibiotic therapy for bum wounds served more to
delay the onset of wound sepsis than to prevent it, and the
benefits applied to only small and moderate-sized bums,
with seemingly no effect on the mortality of massive
bums. At the same time, these drawbacks were specifi-
cally addressed with the introduction of a technique of
primary bum wound excision, and a convincing argu-
ment was made about why bum eschars should be sepa-
rated from the healing wound. The plan was to develop a

system of bum care that is directly based on the surgical
principle of immediate debridement of necrotic tissue
and primary wound closure.8

Primary Excision and Grafting ofthe Burn Wound

The first favorable report of the use of primary exci-
sion of bum wounds came in the mid- 1940s, in the after-
math of the Boston, Massachusetts, infamous Coconut
Grove fire.9 The technique did not merit high acclaim
during the 1950s, however, because of clinicians' limit-
ed ability to support the huge metabolic demands that
inevitably accompanied the procedure.10"° In fact, in
1960 the procedure fell into disrepute when the cases of
25 patients with large bums who underwent fascial exci-
sion and grafting were compared with those of patients
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Figure 1.-A schematized time line of important advances in burn care is shown. ICU = in-
tensive care unit, LA5o = survival of half of patients, depending on the percentage of total
body surface area (TBSA) burned, Rx = therapy, TPN = total parenteral nutrition

who had delayed grafting and grafting on granulation
tissue. Mortality was not increased, but neither was it
decreased, thus safety if not effectiveness was ensured.'2
In 1970, concurrent with pronounced advances in criti-
cal care management of burn patients, the concept of
early excision and grafting was reintroduced with a clas-
sic description of the tangential excision procedure.'3 In
1974, improved survival and a shorter time to wound
closure were reported in patients with bums of 10% to
65% of total body surface area when treated with exci-
sion and grafting (with silver nitrate dressings) versus

silver nitrate alone.8 In 1988 the mortality of children
with burn injuries was substantially reduced through the
use of prompt eschar excision.14 In 1989 patients were

randomly assigned to receive either early excision or

topical antimicrobial therapy and skin grafting after
spontaneous eschar separation. Mortality from burns
without inhalation injury was decreased by early exci-
sion from 45% to 9% in patients who were 17 to 30
years of age (P < .025)."5 These and many other studies
confirm the improvements in survival and decreased
length of hospital stay that can be achieved with the
practice of early excision, even for large burns.

Advances in Technology and Clinical Skill

Although the practice of early excision and grafting
has had considerable effect on survival for patients with
massive burns, other factors have contributed substan-
tially to its success. These include the somewhat intan-
gible gains in clinical insight that come from years of
experience in caring for burn patients. More tangible
factors include advanced intensive care unit monitoring
and nursing protocols, better ventilators, and better skill
in surgical departments. In one series, the cases of 57
adults patients with massive burns (.50% of total body
surface area) from 1980 to 1989 were compared with
those of 56 patients with similar massive burns in the
period between 1970 and 1979. The results show a sig-
nificant improvement (P < .01) in the survival rate of the
more recent patients, attributed to improvements in the

early treatment of inhalation injury, sepsis, and multior-
gan failure.' The cases of 15 patients from 1978 to 1979
were compared with those of 16 patients treated in 1980
to 1981. Early excision was practiced in both groups, but
during the first week in the later group. Factors noted to
contribute to improved survival were early endotracheal
intubation with the application of positive end-expiratory
pressure before evidence of pulmonary dysfunction; the
elimination of Swan-Ganz and central venous lines for
early volume restoration unless absolutely necessary;
the addition of hypertonic saline solution and protein
infusions during the first 24 hours of resuscitation along
with Ringer's lactate alone, resulting in a 30% decrease
in fluid requirements; the rapid institution of nutritional
support beginning day 3 using a combination of periph-
eral hyperalimentation and tube feeding; and early
eschar excision and grafting beginning in the first week
rather than the second or third week, as previously prac-
ticed.'6 General improvements in the management of
critically injured patients have contributed substantially
to the improved mortality rates of burn patients.

The benefits and limitations of burn wound excision
were discussed in 1992, when the technique was viewed
in the larger context of the total care and rehabilitation
of patients with burn injury. Several factors were named
that may have contributed to the decreased mortality
seen after the institution of early excision and grafting,
including improved antibiotic regimens, improved
modes of ventilatory support, and improved methods of
managing the postburn hypermetabolic response, such
as better nutrition. It was also stressed that the benefits
of excisional therapy lie not in the excision itself, but in
the ability to accomplish rapid wound closure with skin
grafts. Attention was called to the major unresolved
problem in burn wound care today: the unsatisfactory
appearance and functional impairment that may attend
the scars of deep burns."

Historical Overview of Burn Mortality

The most important factors associated with mortality,
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namely, patient age and extent of burn, have not changed.
As early as 1902, it was shown that the survival of burned
patients was related to patients' age and extent of total
body surface area burned.'8 In 1961 the prognostic value
of the simple addition of age plus the percentage of burn
surface area was shown. Although this finding was not
published in the surgical literature, it gained wide accep-
tance and became the most common method used in pre-
dicting mortality in burn patients."9 In 1982 other factors
were found that substantially influence survival, includ-
ing the admission leukocyte count, admission serum
osmolality, the involvement of inflammable liquid, and
the presence of preexisting mental disorders, circulatory
disease, and digestive disease.20 Still other factors found
that significantly affected survival in a series of patients
included the arterial pH and serum protein concentration
at the beginning of treatment.2' Despite these later
attempts to better identify patients at high risk of dying,
it was again shown in 1991 that mortality from burns was
directly proportional to the extent of injury and the

22patient's age.
In the 1960s, burn shock was the leading cause of in-

hospital death after major burns.23 Due to the release of
neuroendocrine factors at the time of injury, extensive
burns evoke circulatory derangements at both local and
systemic levels, which may quickly lead to cardiovascu-
lar collapse.24 The term "burn shock" describes the rapid
onset of circulatory failure that occurs over the first 72
hours after injury if inadequately treated. The most
important breakthrough in the successful management
of burn shock proved to be the discovery that the expe-
ditious administration of fluid could prevent its disas-
trous course.

In 1923, after the cases of 21 victims of the 1921
Rialto Theater fire in New Haven, Connecticut, were
analyzed, it was noted that burn shock was due to
intravascular fluid loss.-' Since then, debate has raged
over the optimal fluid resuscitation regimen to be used to
prevent burn shock. The 1978 Consensus Development
Conference on burn care issued a statement that fluid
restoration in the first 24 hours should be with a bal-
anced isotonic salt solution such as Ringer's lactate, that
such a solution was as effective as colloid-containing
fluids for the initial resuscitation, that colloid was of
value in the period beginning 24 hours after a burn, and
that the complete restoration of plasma volume as soon
as possible after capillary leakage was resolved was ben-
eficial.26 As a result, burn shock is now prevented or
reversed in 70% to 95% of cases when applied in a burn
referral center.2'2

As the pathophysiology of burn shock was finally
being understood and conquered, infection became the
great killer of burn patients. The "conservative" method
of burn wound management that was widely used con-
sisted of topical antimicrobial therapy until spontaneous
eschar separation, followed by autografting. Eschar sep-
aration is caused by the process of bacterial enzymatic
digestion at the surface of the wound. Although topical
antibiotics are helpful in maintaining microorganism

counts below an invasive level, they also slow the natur-
al process of eschar separation by decreasing the con-
centration of enzymatic lysins available in the wound.
Morbidity is prolonged as weeks are spent waiting for
the eschar to separate and fall off so that skin grafts can
be placed on granulation tissue. Furthermore, even
though the burn wound itself may remain free of inva-
sive infection, the eschar remains present as a source of
seeding to other vulnerable areas, particularly the respi-
ratory tract. In 1962 respiratory tract damage was target-
ed as the principal killer of burned patients.29 This was
confirmed in 1970 when it was shown that pulmonary
sepsis was the principal cause of death among a series of
burn patients.3" In 1979 late infectious complications
were reported to have supplanted circulatory collapse as
the leading cause of in-hospital death.3' These late infec-
tious complications are more commonly from a pul-
monary source than from the burn wound itself.

In summary, a comprehensive review of the literature
reveals that in 1996, the major factors associated with
mortality in burn patients are age and percentage of total
body surface area burned. The presence of inhalation
injury and comorbidity are other crucial factors. Early
excision and grafting have supplanted conservative man-
agement as the recommended treatment of large burns,
except perhaps in elderly patients.32 The fatal conse-
quences of pulmonary complications are emphasized in
the literature, and aggressive methods of pulmonary
management are recommended.33

Special Considerations
Elderly Burn Patients

Older adults (in general, those older than 60 years)
constitute a special population of burn patients. For any
given burn size, their mortality is higher than for younger
persons. Older patients have decreased physiologic
reserve, which renders them less able to tolerate the
metabolic demands of serious injury.m The thinner skin
of older adults leads to larger and deeper burns and deep-
er donor sites. Delayed donor-site healing is a major
cause of postburn morbidity in older patients that is relat-
ed to an age-dependent slow rate of epidermal prolifera-
tion.35 The threat of pneumonia is ever present in older
patients and has been shown to be a significant factor
affecting mortality in all burn patients.30 Impaired senses
and slow reaction time-often the factors that cause the
injury in the first place-contribute to the difficulty in
managing the logistics of wound care and activities of
daily living for these patients. Older people who were liv-
ing alone when they were injured seldom return to their
former level of functioning and commonly require alter-
ations in living arrangements, a situation that can be psy-
chologically devastating to burn survivors.

In 1955, it was noted that there were no reports of
patients older than 60 years surviving with greater than
10% burns.36 Sixteen years later, it was again noted that
no patients older than 60 years with burns over greater
than 30% of the total body surface area survived.37 In a
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series of burned aged patients, survival was improved
with the use of 0.5% silver nitrate solution. In 1983, the
concept that adequate urine output is an indicator of ade-
quate volume status during burn resuscitation, especial-
ly in elderly patients, was challenged. It was concluded
that physiologic profile monitoring (pulmonary artery
catheterization) in older patients is a useful guide to the
precise management of fluid restoration and the early
detection and treatment of ventricle dysfunction and that
these result in improved survival.38 In 1995, the mortali-
ty of a group of 111 octogenarians was reported to be
26%, the patients on average faring better than their pre-
dicted mortality rates as derived using either the Baux
Index, the Bull Table, or the Abbreviated Burn Severity
Score.39 This improvement in mortality has not been
reported elsewhere, however, and the literature suggests
that survival rates have not improved substantially over
the past 20 years in elderly patients with large burns.40

There is a positive note regarding the outcome of
elderly burn patients. In 1992, decreased mortality was
reported in patients older than 65 years at a burn center,
achieved by increasing the number of nurses, changing
local burn wound treatment, improving the documenta-
tion of wound status and general conditions, and
improving nutritional support. As the general population
ages, more experience is gained in the management of
the special problems of older patients. Literature reports
compare traditional with nonstandard treatment methods
to ensure that results improve.324'42 Social and rehabilita-
tion services have become standard components of burn
care for elderly patients and provide more today in the
way of services and facilities than ever before. The stage
is set for making noticeable improvements in the mor-
tality of older burn patients. Because older patients often
survive the resuscitation phase only to die of complica-
tions during the prolonged wound healing phase, early
wound closure with artificial skin may indeed prove life-
saving for these vulnerable patients.
Inhalation Injury

As many as a third of patients with major burns have
associated inhalation injury, often a lethal concomitant
insult to otherwise less serious burn injuries.43 In 1973,
investigators labeled inhalation injury as the major threat
to burn patients. In a series of 100 patients with smoke
inhalation, pulmonary complications developed in 22,
with 86% mortality.' In a review of the literature in
1981, it was concluded that inhalation injury was still a
primary determinant of survival following major burns.45
Further literature reviews in the 1 990s confirmed the fact
that not much progress has been made in improving the
survival rates of patients with smoke inhalation in com-
bination with major burns.46

Inhalation injury may be described as an acute respi-
ratory tract injury caused by steam or toxic inhalants
such as fumes, gases, or mists.47 Thermal inhalation
injuries per se are rare due to the efficient cooling mech-
anisms of the respiratory tract. Severe chemical injuries
from smoke inhalation are common, however, due to the

caustic nature of incomplete products of combustion that
are released by burning compounds.'8 The extent of
inhalation damage depends on the composition of the
burning material, the concentration of fumes given off
(whether in a closed space or not), the temperature of the
gases (rarely an important component), and the duration
of exposure of the patient to the caustic fumes. The
result is some degree of tracheobronchitis.49 In severely
affected patients, tracheobronchial mucosal slough and
airway obstruction from cellular debris subsequently
develop, followed by pneumonia and the potential for
invasive sepsis. The burn induces inflammatory cas-
cades that result in pulmonary leukocyte and macro-
phage activation, thereby worsening the injurious effect
on the lungs. This inflammatory response persists until
final wound closure is achieved.

Optimism is expressed in the literature that mortality
for patients with combined burn and inhalation injuries is
improving. Much of the credit is attributed to general
advances in intensive care management, improved infec-
tion control measures, and better antibiotic combinations
for the treatment of pneumonia. Improvements in the ven-
tilatory management of these patients have been shown
with the use of high-frequency ventilation33 and extracor-
poreal membrane oxygenation, a treatment method that
has shown promise in children with burns.'

Carbon monoxide toxicity is a type of inhalation
injury that deserves special mention, as it is one of the
leading causes of deaths from fires.51 Carbon monoxide
is a tasteless, odorless, and colorless gas with an affinity
for hemoglobin 200 times that of oxygen. As oxygen is
consumed during the burning process, carbon monoxide
is released. It then binds preferentially to the hemoglo-
bin molecule in place of oxygen, shifting the hemoglo-
bin-oxygen saturation curve to the left and resulting in
major impairments in oxygen delivery. The goal of the
treatment of carbon monoxide toxicity is the total dis-
placement of carbon monoxide on the hemoglobin mol-
ecule by oxygen as early as possible (the half-life of car-
boxyhemoglobin is 30 minutes in a patient breathing
100% oxygen) to prevent devastating neurologic seque-
lae (anoxic brain injury). Oxygen is usually adminis-
tered in concentrations of 90% to 100%. Hyperbaric
oxygen (2 to 3 atm) produces an even more rapid dis-
placement of carbon monoxide and may be useful when
exposure has been extensive. Although hyperbaric oxy-
gen therapy is commonly used for persons who have
sustained carbon monoxide poisoning without burn
injury, there is less acceptance of its use in patients with
considerable bums.5>54
Skin Substitutes

Burn specialists continue to await the development of
the ideal skin substitute. Cultured epithelial autografts,
at one time thought to be the answer to the wound cov-
erage problem,55 have proved to be disappointing. They
have been presented as lifesaving therapy,55 but long-
term results have not yet been reported. Furthermore,
recent reports of the use of these allografts describe poor
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graft take when used for the treatment of massive
burns.56'57 The lack of dermis available beneath these thin
autografts prevents the development of sturdy skin. The
result is a fragile scar surface that bears little resem-
blance to normal skin for many months. This situation
was described histologically in 1988.58 The use of these
autografts for smaller or shallower burns is an avenue
that remains to be explored and one in which cost-effec-
tiveness analyses are critical.

In a 1988 multicenter randomized clinical trial,
increased survival was reported in patients with life-
threatening burns, associated with the use of artificial
skin.59 Two years later, a histologic study of the product
the investigators in that study used, now called Integra,
was published.60 Integra consists of a dermal substitute
of bovine collagen and chondroitin-6-sulfate and an epi-
dermal layer of synthetic polysiloxane polymer
(Silastic). It was reported that with rare exceptions, an
intact dermis was achieved as well as definitive closure
of a complete epidermal layer with a minimum of scar-
ring. Integra is now available for clinical use, and the
results of clinical studies are anticipated. Many synthet-
ic products have been developed as skin substitutes, but
their clinical efficacy and cost-effectiveness have yet to
be established.6143

Conclusions
We have presented a brief overview of the accom-

plishments made in burn therapy over the past several
decades. The following conclusions can be drawn from
the preceding review:

* Pronounced improvements have been made in the
mortality statistics of burn patients in general over the
past several decades. The LA50 is currently 70% of the
total body surface area.

* Infectious complications, mainly pulmonary, have
supplanted burn shock as the main killer of burn victims.

* Early excision and grafting have replaced conserv-
ative management as the recommended method of treat-
ing large burns, except perhaps in elderly patients.

* Despite a revolution of advances in critical care
medicine and surgical treatment, burn patients older than
60 years and those with inhalation injury continue to
have disproportionately high mortality.

The development of a satisfactory skin substitute is
on the horizon. Measures of success must include clini-
cal effectiveness in achieving wound closure and cost-
feasibility studies.
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