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ABSTRACT: Aging is an important and critical factor that contributes to the clinical outcome of burn
patients. The very young and the elderly are more likely to succumb after major burn as compared to their
adult counterparts. With the aging population, improved understanding of the mechanisms underlying age-
associated complications after burns becomes even more demanding. It is widely accepted that elderly burn
patients have significantly increased morbidity and mortality. Irrespective of the type of burn injury, the
aged population shows slower recoveries and suffers more complications. Age-associated immune
dysfunction, immunosenescence, may predispose the elderly burn patients to more infections, slower
healing and/or to other complications. Furthermore, pre-existing, age-related medical conditions such as,
pulmonary/cardiovascular dysfunctions and diabetes in the elderly are other important factors that
contribute to their poorer outcomes after major burn. The present review describes the impact of aging on

burn patients outcomes.
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Burn Epidemiology

Burn injury is a significant problem worldwide and
represents one of the most devastating forms of trauma.
In the United States, more than one million burn injuries
occur every year [1]. Burn can be caused by various
factors such as heat (flame or scald), freezing, electricity,
chemicals, radiation or friction [2]. Different factors
affect the morbidity and mortality of burn injury. First,
the size of the burn, as determined as a percentage of the
total body surface area (TBSA) is directly proportional
to survival. The bigger the burn, the greater the risk of
subsequent burn wound and systemic infections, which
is directly associated with increased morbidity and
mortality [3, 4]. Secondly, inhalation injury in
combination with burn worsens the clinical outcome of
the burn patients to a great extent, despite advances in
intensive respiratory support [5, 6]. Thirdly, the age of
the patient significantly influences outcomes after burn,
as the mortality is higher in very young and elderly
patients compared with other age groups [7, 8]. The
combination of a burn injury with one or more of the
critical contributing factors such as the presence of
inhalation injury and extreme age results in a higher
number of fatalities [9]. It has been shown repeatedly in

clinical studies that mortality was highest in elderly
patients who had more severe burns and/or smoke
inhalation injury and also had existing underlying
diseases [10-14].

Flame burns contribute to 55% of the admissions to
the burn centers followed by scald burns with 40%.
Flame burns, often associated with inhalation injury and
other concomitant injuries; represent the greatest
frequency of residential fire and burn mortalities. It has
been reported that 12 individuals die in residential fires
each day affecting all age groups, but young children and
the elderly being the most likely victims. While
dependent young children encounter difficulty escaping,
the elderly present higher morbidity and mortality
because of preexisting diseases and decreased agility
[14]. It has been reported that in children, scald burns
represent the majority (70%) of the burns, because of
contact with hot liquids. In adolescents and young adults,
improper handling of fire and flammable liquids causes
the majority of the burns. In adults, flame burns are most
common, with one third related to work accidents [15].
In the elderly, flame and scald burns or scalds alone are
the major causes for burns, most commonly occurring at
home, especially in the kitchen and bathroom [16].
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While physical and psychological dependency or
hyperactivity are major causes of high mortality in
young children (under 3 years old), a myriad of factors,
such as, collapse, physical disability, diminished
alertness, slower response times, impaired mobility and
preexisting conditions contribute to higher mortality
rates in the elderly (65-79 years). In contrast to the
young and the elderly, mortality in adults is related to
incidences at work or related to activities outside of the
household [17].

The Pathophysiology of the Burn Wound

The nature of the burn wound injury is ultimately the
result of a complex process causing local, as well as
systemic complications, affecting multiple organ systems
distal to the skin [15]. Burn wound progression involves

Normal Skin

the progressive damage of superficial partial-thickness
burns into deep partial-thickness or full-thickness
wounds within a sub-acute time frame of 3-5 days [18].
Figure 1 describes three degrees of burn showing
different thicknesses of burn wound. Multiple factors,
acting via a variety of pathophysiological mechanisms,
can advance the burn wound conversion to a more severe
state. The burn wound progression is clinically
significant, not only because of its relevance to burn
wound depth, but also because it affects the long-term
morbidity and treatment. An increase in wound
advancement indicates the likelihood of hypertrophic
scarring, increased excision and grafting requirements,
wound infections, sepsis, shock and potentially death
[18, 19].

Burned Skin

Epidermis
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Subcutaneous

Figure 1. Graphic description of different burn types

Pathogenesis of Burn

The pathogenesis of burn wound progression initiates
from the original site of injury. It involves primary tissue
loss due to protein denaturation, which further leads to

release of toxic pro-inflammatory mediators and platelet
activating factors into the circulation [20, 21]. Oxygen
radicals and proteases further damage skin and result in
an overall immunosuppressive phase commonly known
as systemic inflammatory response syndrome (SIRS).
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Participation of immune cells, such as neutrophils and
macrophages, result in production of cytotoxic oxygen
free radicals damaging the dermal structures directly or
indirectly [22]. The initial pro-inflammatory phase puts
the burn patients at the risk for early multiple organ
failure (MOF) as a result of the destruction of different
vital organs such as heart and lung, whereas in the later
phase of immunosuppression, the patients are at the risk
of developing MOF due to infection and sepsis [23, 24].
Different local and systemic factors such as, impaired
wound  perfusion, edema, infection, metabolic
derangements and general health status may contribute to
wound progression. The elderly patients show increased
immunosenescence- the state of dysregulated immune
function with aging- and therefore are believed to be at
more risks for infections, sepsis and MOF [25, 26].

The Biology of Aging

Aging is a complex, multifactorial phenomenon.
Hormones, mitochondrial DNA, genetic material, free
radicals, oxidative-inflammation and immunosenescence
all play a significant role in the process of aging [27-32].
Moreover, many of the contributing factors seem to
interact in a complex way during aging. The aging
process occurs at molecular, cellular and immunological
levels and is believed to occur as a result of the
accumulation of cellular damage overtime [26, 33-35].
When cells undergo a stress response because of
exogenous damaging pathogens or endogenous injuries
such as burn, free radicals are released. The oxidative
stress response causes damage to the macromolecular
component of the cell. DNA damage, which occurs
continuously in cells, gets repaired most of the times by
inherent repair mechanisms. The repair machinery,
however, cannot correct the damage as fast as it occurs
and the damage accumulates over time with age. It is
speculated that lifelong accumulated damage leads to
mitochondrial dysfunction and genetic mutations. These
age-associated genetic impairments trigger cells and
organs to deteriorate and to stop functioning. Therefore,
the vulnerability due to aging not only depends on the
lifelong exposure to exogenous pathogenic burden and
endogenous damaging agents, but also on the genetic
integrity of the body’s cells [34, 36, 37].

All cells of the body go through a process of cellular
aging. Immunosenescence is the age-related decline in
the immune functions and affects various cell types such
as neutrophils, monocytes, macrophages, natural Killer
(NK) cells and dendritic cells (DC) from the innate arm
and B-cells and T-cells from the adaptive arm of the
immune system [38]. Although aging alters both
branches of the immune system, more severe detrimental

changes occur in the adaptive immune system [39]. The
immunosenescence-mediated decline in cell-mediated
immune functions, as well as reduced humoral immune
responses, result in a chronic inflammatory state, which
has been termed as “inflamm-aging” [40]. Various
studies infer that there is a marked increase in the
systemic levels of IL-1B IL-6, IL-8 and TNF-a in the
aged population [35, 41-47]. In older adults, increased
levels of IL-6 are related to loss of mobility and
development of disabilities [48]. Moreover, TNF-a,
which seems to have specific biological -effects,
correlates with increased mortality in the very elderly
[44]. This age-related increase in cytokines and other
components of inflammation is partially responsible for
the increased prevalence and severity of infections,
vaccine failure and possibly to autoimmune disorders
and cancer in the elderly [41, 49-51]. This pro-
inflammatory response of elderly patients is also
believed to be responsible for the increased risk for
developing complications following injury or infection
[25]. Of particular interest, many of the markers of
inflammation associated with aging (IL-1p, IL-6, TNF-
a) are also central in the inflammatory response after
burn. These age-related dysfunctions pose significant
clinical challenges.

Immunological Responses
Aging: Burn Injury and Inflammatory Response

The elderly and the very young are most likely to
succumb to severe burns [52]. The elderly burn patients
demonstrate greater mortality and the aged survivors
show slower recoveries, increased length of hospital stay
and suffer more complications than their younger
counterparts [53]. A retrospective study by Le et al. was
performed to compare burn patients from two age
groups: one younger than 2 years (16%) and the other
older than 70 years (8%) of age [54]. The study
demonstrated the prevalence of scald burn in younger
children (77%) and flame burn in aged patients (79%).
With moderate size of burn there was only one death in
the younger group versus 51% mortality reported for the
aged group. With TBSA greater than 40%, all patients
died. There were three times more complications found
in older patients than their counterparts. In another study
performed in 1981, burns covering 20% TBSA were
associated with a mortality of only 20% in healthy young
adult patients, while elderly patients with the same burn
size showed 75% mortality [55]. Today, with
advancements in medical care and burn management, the
mortality rate for adult burn patients has gone down to
5.5%; however, the survival rate of elderly injured
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subjects has not improved as dramatically because of
their age-associated immunosenescence and other pre-
existing co-morbidities [56, 57].

To better understand the effect of aging on systemic
and cellular immune/inflammatory responses animal
models, mimicking the moderate sized scald/flame
injury, have been developed. Experimental data using
animal burn models further corroborates the aged human
clinical data and shows greater mortality in aged rodents
after burn. In a mouse model of scald burn with 15%
TBSA, young mice exhibited a 100% survival and
demonstrated no changes in their ability to eating or
drinking, whereas only 33% of the aged mice survived a
similar injury [58].

Major burn induces a state of immunosuppression
that predisposes the burn patients to wound healing and
infectious complications. The host defense against these
problems requires an intact and healthy local
inflammatory response. However, the overwhelming
immune response initiated after the injury causes
systemic inflammatory response syndrome to prevail,
resulting in significant cellular and end organ damage. In
general, immunological response to major burn initially
initiates both a pro-inflammatory and an anti-
inflammatory phase, concurrently or in sequence in
efforts to maintain the homeostasis and normal
physiology. Both of these responses are mediated by the
cytokines and cellular responses. Immunosuppression in
severely injured patients is associated with Th1/Th2 shift
[59-61]. While the levels of Thl cytokines, for example,
IL-2 and IFN-y are reduced markedly, the production of
Th2 type of cytokines such as, IL-4 and IL-10 are
increased significantly with advancing age and are also
augmented by injury [61]. Exogenous IGF-I/IGFBP-3 (a
mediator with growth hormone effects) treatment
partially reversed this predominance of Th2 phenotype
[62]. Therefore, impaired immune functions and elevated
pro-inflammatory cytokines, which are associated with
natural aging even in healthy subjects, may contribute to
the increased lethality in elderly burn patients.

Aging: Burn and Hypermetabolic Response

Burn size also determines hypermetabolic response
after injury [63]. A severe burn results in
hypermetabolism  with  protein  degradation and
catabolism. The hypermetabolic state is characterized by
proteolysis, lipolysis and futile protein utilization. This
hypermetabolic state results in loss of bone density,
muscle weakness and poor wound healing [64]. This
response is associated with a marked acute phase
response that results in inflammation and altered
cytokine responses [65]. Perturbations in cytokine

expression give rise to altered immune function, end
organ damage (MOF) and subsequent death. The
severity of the hypermetabolic response following burns
correlates with age and may also be a major contributor
to the higher morbidity and mortality rates in adult burn
patients compared with pediatric burn patients [65]. A
study comparing the cytokine levels, and thereby the
hypermetabolic response and associated inflammation, in
24 children versus 24 adults showed that following flame
burns covering 20% TBSA, the cytokine profiles in
young children were different from those of adult burn
patients [65]. Due to the relationship between the
hypermetabolic and inflammatory responses, the authors
compared a multitude of plasma cytokine profiles.
Significant changes in both pro- and anti-inflammatory
cytokine levels were seen in young versus adult patient
groups. Since the cytokine alterations precede the
metabolic changes, it may be possible to modulate the
injury-associated hypermetabolic response by altering
the cytokine responses, potentially improving the age-
related clinical outcomes such as morbidity and mortality
[65-67].

The post-burn hypermetabolic state is also associated
with hyperglycemia, insulin resistance and diabetes [68].
Recent studies evaluated the glucose control and clinical
outcomes in diabetic burn patients. The studies showed
that age and size of the burn significantly contributed to
the mortality. However, the burn patients with pre-
existing diabetes were not associated with any worsened
clinical outcomes [69, 70]. Major burn and other trauma
such as hemorrhage and sepsis induce insulin resistance,
which was strongly influenced by the advanced age.
Insulin, which is an effective anabolic and anti-catabolic
hormone, also regulates the inflammatory and immune
responses. Insulin decreases the pro-inflammatory and
increases the anti-inflammatory response, thereby
restoring aspects of the systemic inflammation and
homeostasis after injury [71]. A retrospective review
studying 265 aged burn patients documented no definite
correlation between the elderly and intensive insulin
therapy regimen and clinical outcomes [53].
Nonetheless, it can be speculated that the conclusions of
this study are related to the complexity of the problem,
rather than the lack of an effect.

Aging: Burn and Wound Healing

Wound healing is a critical component of the immune
system orchestrated to restore tissue integrity after burn
[72]. Impaired wound healing in the aged burn patients
present a major clinical and economical challenge.
Normal skin represents the integral part of the wound
healing process and undergoes significant characteristic
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changes as aging. Moreover, the wound healing process
itself is altered with aging. Clinical studies and
laboratory investigations have yielded a wealth of
information describing different aspects of aging and
wound healing ranging from cellular, biochemical,
immunological to clinical level. It has been shown by
various research groups working on animal models of
wound healing in the aged that there is a 20-60% delay
in the rate of wound healing as compared to young
animals [73].

Skin provides essential protection for the internal organs
of the body. It protects it against the invading
microorganisms, ultraviolet (UV) radiation, regular
water loss and assists in thermoregulation [74]. Skin
undergoes the process of both extrinsic and intrinsic
aging [75]. Extrinsic aging is defined as the changes
happening as a result of life-long environmental
exposures such as UV-light from the sun. Intrinsic aging
includes the changes in skin that occur in sun-protected
regions, independent of environmental insults. Life-long
progression of extrinsic and intrinsic aging leads to
gradual loss of function, susceptibility to the
environment and decreased homeostatic potentials [75].
Skin is composed of epidermis - the outer layer and
dermis - the lower layer. While, with age, the thickness
of the epidermis remains fairly constant, the epidermal-
dermal junctions flatten, giving the appearance of
atrophy [76]. Skin constitutes a critical component of the
immune system and anchors different immune cells,
such as fibroblasts, mast cells, macrophages and antigen-
presenting cells (mast cells and skin dendritic cells - the
Langerhans cells) that impact wound healing [77]. These
cells represent the cellular component of the dermis and
are decreased with aging [38, 78, 79]. The protein
content of the dermis, primarily collagen, is decreased
with age as well. This is the result of both decreased
production and increased degradation [80]. The
microcirculation and thereby the blood flow of the
dermis also decreases with age making it more
susceptible to injury and temperature fluctuations [81].
Aging also decreases the dermal lymphatic drainage,
diminishing the ability to clear the wound of pathogens
and also inhibiting wound contraction [82, 83].

Aging leads to interruptions, aberrations or
prolongation in the wound healing phases and can lead to
delayed or non-healing chronic wounds [72]. Different
wound healing phases are hemostasis, inflammation,
proliferation and tissue remodeling [75]. After the
incidence of burn, skin gets exposed and causes platelet
aggregation at the injured endothelium [84]. Platelet
adherence is enhanced with age, affecting chemokine
levels and vascular permeability [85, 86]. Changes in

cellular and immune functions by different cells, such as
neutrophils, macrophages and T-cells have been found to
be critical to age-associated wound healing defects [38,
77, 79]. Moreover, wound repair in aged mice is
accelerated with adoptive transfer of macrophages from
the younger mice, but not from old mice [87]. Different
growth factors produced by macrophages are also
decreased with age [88]. Keratinocytes, fibroblasts, and
vascular endothelial cells show a reduced proliferative
response in aged animals [89]. Reepithelialization and
collagen synthesis also display an age-related delay [88].
Neovascularization, an essential component of the
wound healing, is impaired in aged animals, which is due
to impaired bone marrow derived dendritic cells
(BMDC) mobilization and homing to burn wound tissue
[90]. Angiogenesis, which is responsible for
neovascularization, is decreased with age [90-93]. All
these factors lead to an age-related impairment and delay
in wound closure in animal models as well as in human
wounds. Wound studies have shown decreased rates of
epithelialization and contraction both in older animals
and humans [94]. Collagen production as well as
deposition is decreased with age, causing lower turnover
and remodeling of the collagen and thereby resulting in
delayed wound resolution [80]. Impaired and delayed
wound healing represents a major clinical problem.
Therefore, better understanding the cellular and
molecular mechanisms by which aging impairs the
wound healing process is essential.

Aging: Burn Wound Infection

While advancement in overall burn care therapy has
increased the survival outcome, infectious complications
still remain a significant challenge after burn [95].
Among burn patients, the elderly have clearly been
found to have both increased and more severe infections.
Major burns covering more than 30% TBSA are found to
be more susceptible to infections, in part because of the
larger surface area involved for bacterial colonization
[96]. Among the different kinds of infections harboring
the wound, bacterial infections are the most prevalent
ones [97]. Other common infections found in major burn
wounds are fungal and viral [97, 98]. Bacterial infections
are not only found in the wounds directly, but also cause
bacterial pneumonia, bloodstream infections and sepsis
increasing mortality [97]. With increased bacterial
growth, chances for invasive infection and incidences of
septicemia also increase [99]. For example,
pneumococcal infections are more common in the first
two years of life and diminish during adulthood and are
again increased significantly in aged individuals over age
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75 with mortality approaching 80% in those over age 85
[100].

Dysregulated immune functions with age play a
significant role in wound infections and contribute to
increased morbidity and mortality in aged burn patients.
Both arms of the immune system are impacted by aging;
however, the adaptive immunity seems to be more
challenged during the aging process [39]. A mouse study
with tuberculosis infection by Orme et al. has shown that
the aged animals have delayed recruitment of CD4" T-
cells and also produce less IFN-y leading to more
bacterial dissemination and less containment [101]. The
study also showed that most of these changes are
reversed in the aged animals if adoptively transferred
with T-cells from younger mice [101]. Various animal
and human studies infer that there is an increased
production of pro-inflammatory cytokines, such as IL-1
IL-6, IL-8, TNF-a in the aged population [35, 41-43].
Therefore, the elderly appear to be more sensitive to
bacterial endotoxins and thus are more susceptible to end
organ inflammation [102]. An animal study comparing
the effect of age on the response to injury and infection
showed that the aged mice demonstrated an increased
susceptibility to infection and sepsis with subsequently
increased mortality [103]. The older mice also exhibited
a strong positive IL-6 correlation with mortality. This
increased cytokines and inflammation with aging, which
contributes to immunosenescence, seems to be partially
responsible for the increased prevalence and severity of
infections and sepsis after injury [103, 104].

Aging: Burn, Pulmonary, Cardiovascular and Renal
Dysfunction

Major burn not only affects the site of injury, but also
has systemic effects involving the pulmonary,
cardiovascular, gastrointestinal, hematopoietic and renal
systems. Complications in these systems may lead to
acute lung injury (ALI), acute respiratory distress
syndrome (ARDS), myocardial depression and renal
failure, profoundly impacting the clinical outcome of the
burn patients. The pulmonary system is often the first
one to fail after major burn [105]. The morbidity and
mortality of burn patients increase by 20% when
associated with smoke inhalation, an injury that occurs in
10-30% of thermally injured patients [1, 6, 106] and is
further increased in the elderly [107, 108]. Recently,
animal burn models of young and aged mice
demonstrated an increase in the pulmonary neutrophils
with an increase in their chemokine levels in aged mice
compared with the young mice [109].

It is evident that the advanced age is the primary
determinant of cardiovascular disease [110]. The

cardiovascular system wanes progressively with aging
and becomes more susceptible to stress, injury and burn
trauma. Different studies corroborate independently that
major burn can lead to age-associated compromised
myocardial function due to diminished cardiac
contractile response after burn [111-113]. Burn injury
covering more than 45% TBSA can produce intrinsic
contractile defects [2, 110].

Renal dysfunction is another age-dependent alteration
that greatly impacts the elderly and contributes to the
adverse clinical outcome of burn patients [114]. Acute
kidney injury (AKI) is prevalent in severely burn
patients and significantly contributes to early multiple
organ failure and higher morbidity and mortality [114,
115]. However, while renal dysfunction is an age-
associated setback and major burn may lead to acute
kidney injury, there is no evidence for the correlation of
AKI in the elderly burn patients. The severity of the
renal dysfunction following burns correlates with aging
and may be one of the major contributors to the higher
morbidity and mortality rates in elderly burn patients.
Therefore, it becomes even more meaningful to study
this particular problem in aged burn patients.

Summary

Aging, after burn size and concomitant inhalation
injury, is one of the major factors that affect the clinical
outcome of burn patients. Immune dysfunction also
plays an important role and burn in the elderly is
associated with greater levels of inflammation.
Inflammation also contributes to the post-burn
hypermetabolic state. Natural age advancement impairs
wound healing significantly and makes the aged burn
patients more prone to infections and associated
complications and worsens the clinical outcome.
Moreover, age-associated co-morbidities such as,
pulmonary, cardiovascular, renal dysfunction and
diabetes in the burn patients are also good indicators for
possible complications, but do not appear at this time to
be predictive of mortality. Taken together, it is
reasonable to conclude that there are significant
differences in a wide range of factors with age that
impact outcomes after burn.
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