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Abstract: Background: Burn injuries constitute a significant global health challenge, espe-
cially in pediatric populations, where they are a leading cause of morbidity and mortality.
Pediatric burns require particular attention due to their unique pathophysiology, long-
term consequences on growth and development, and psychological impacts. Methods:
We propose a comprehensive review of recent advancements in understanding the key
aspects of hormonal and metabolic changes in burned children, aiming to guide thera-
peutic interventions, improve outcomes, and reduce the global burden of these injuries.
Results: Effective management of the physiological stress response in pediatric burn
patients necessitates a multidisciplinary approach integrating medical, nutritional, and
rehabilitative strategies. Timely nutritional support and individualized plans preserve
muscle mass, promote wound healing, and reduce complications and organ dysfunction
risk. Advances in pharmacological interventions, such as beta-blockers, anabolic agents,
and hormonal treatment, offer promising pathways to improve recovery and mitigate
long-term complications. Early mobilization and physiotherapy are essential for prevent-
ing complications of prolonged immobility, including muscle wasting, joint contractures,
and functional decline; their effectiveness is closely tied to advancements in minimally
invasive procedures, regenerative medicine, and reconstructive techniques, particularly
for pediatric patients. Conclusions: While current strategies have significantly improved
survival and outcomes for pediatric burn patients, ongoing research is critical to refine
these new care strategies.

Keywords: burns; pediatrics; children; metabolic changes; hormonal changes; care
strategies; pharmacological interventions; pediatric surgery

1. Introduction
Burn injuries constitute a significant global health challenge, especially in pediatric

populations, where they are a leading cause of morbidity and mortality [1,2]. These injuries,
defined as tissue damage caused by thermal, chemical, electrical, or radiation exposure, are
complex and can affect the skin as well as deeper structures, such as muscles, nerves, and
bones in severe cases [1].

Eur. Burn J. 2025, 6, 17 https://doi.org/10.3390/ebj6020017

https://doi.org/10.3390/ebj6020017
https://doi.org/10.3390/ebj6020017
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ebj
https://www.mdpi.com
https://orcid.org/0000-0002-2137-5974
https://orcid.org/0000-0002-2795-9874
https://doi.org/10.3390/ebj6020017
https://www.mdpi.com/article/10.3390/ebj6020017?type=check_update&version=1


Eur. Burn J. 2025, 6, 17 2 of 24

Pediatric burns require particular attention due to their unique pathophysiology, long-
term consequences on growth and development, and psychological impacts. Globally,
burns among children account for a substantial proportion of emergency department visits
and hospital admissions, with the highest incidence reported in low and middle-income
countries. Among children under the age of 5, scalds from hot liquids or steam are the
most common cause, while flame burns are more prevalent in adolescents. Epidemiological
studies indicate that boys are slightly more affected than girls, and children under five
years of age are at the greatest risk due to their thinner skin and increased exposure to
household hazards [2,3].

Burns are categorized based on depth (ranging from superficial to full thickness),
extent (measured by the Total Body Surface Area (TBSA) affected), and causative agent,
including thermal, electrical, chemical, and radiation burns, each with distinct clinical
features and treatment considerations [1–5]. The severity of burns is stratified into minor,
moderate, and severe categories, determined by factors such as depth, TBSA, patient age,
and the presence of inhalation injury or comorbidities [1–5]. Specifically, in pediatric
classification, severe burns are defined as follows: burns covering more than 10% of the
TBSA in children under 10 years old, or more than 20% TBSA in older children (over
10 years old); burns that exceed 5% full thickness, which requires surgical excision and
grafting; high-voltage electrical burns, which can lead to deep tissue damage and systemic
complications; and significant burns affecting the face, eyes, ears, joints, or genitalia, as
these areas are essential for both function and appearance [6,7].

Severe burns, particularly those exceeding 10% TBSA in young children, pose systemic
risks such as hypovolemic shock, hypermetabolic response, and multi-organ dysfunction
due to the higher surface-to-body size, which are often life-threatening [1,4,5]. Current
therapeutic strategies for pediatric burns emphasize both acute management and long-term
rehabilitation. Advanced techniques, including skin grafting and tissue-engineered dermal
substitutes, are essential for managing extensive burns. Innovations in wound coverage,
such as biosynthetic dressings and cultured epithelial autografts, improve outcomes by
reducing scarring and enhancing healing rates [8].

Emerging therapies target the systemic effects of severe burns, exploring metabolic
modulators and immunomodulatory agents to mitigate hypermetabolism and inflamma-
tion. Future directions include regenerative medicine, 3D bioprinting for customized
grafts, and gene therapy to optimize tissue repair and functional recovery. Advances in
telemedicine and artificial intelligence are also expected to revolutionize burn care by
improving early diagnosis, triage, and personalized treatment planning [1,8].

We propose a comprehensive review of recent advancements in understanding the key
aspects of hormonal and metabolic changes in children with major burn injuries, aiming
to guide therapeutic interventions, improve outcomes, and reduce the global burden of
these injuries.

2. Methods
We conducted a narrative review to summarize the literature on hormonal and

metabolic changes in burn injuries in pediatric patients and comprehensive therapeutic
options. To ensure relevance, specific inclusion criteria were applied: only articles pub-
lished in English that included meta-analyses, clinical trials, original articles, and reviews
from the past twenty years were included. Case reports and series were not considered.
The research utilized electronic databases such as PubMed and the Web of Science. The
search incorporated keywords that included burns OR burn injuries OR major burns OR
severe burns AND stress OR stress response OR physiological response AND metabolic
changes OR dysmetabolism AND hormonal changes OR hormones AND nutrition OR
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nutritional support AND children OR pediatric. Initially, the authors reviewed a total of
766 papers, refining our selection by screening abstracts (n = 256). Ultimately, 75 articles
met the inclusion criteria. Additionally, the reference lists of all relevant manuscripts were
examined to identify further pertinent studies. AI-assisted tools were used for the revision
of certain grammatical aspects.

A flowchart illustrating the selection process of the manuscript is presented in Figure 1.

Figure 1. The flowchart of the selection of the manuscript.

3. Physiological Response to Burns
Severe burn injuries elicit a complex physiological stress response involving both

localized and systemic effects, which profoundly impact recovery trajectories and long-
term outcomes. This response is characterized by hypermetabolism, neuroendocrine
activation, and a prolonged inflammatory cascade, often persisting well beyond the acute
phase of injury [9,10] (Figure 2).

In children, these responses are particularly pronounced and intricate due to their
unique metabolic and endocrine characteristics in response to the relationship between BSA
involvement, body mass, and their developing physiological systems, which are highly
sensitive to changes in metabolic demands and environmental stressors.

The clinical presentation, physiological response, and therapeutic needs of burn in-
juries vary by age group.

Infants and young children (0–5 years) are most vulnerable to scald burns due to thin
skin, limited mobility, and curiosity. Their high TBSA-to-weight ratio increases the risk
of burn shock and fluid loss, requiring aggressive fluid resuscitation. Immature immune
systems elevate the risk of infection and sepsis, while facial burns can lead to airway
swelling. Treatment prioritizes fluid replacement, pain management, wound care, early
physiotherapy, and nutritional support to prevent contractures [11,12].

Children (6–12 years) more frequently experience scald and flame burns from cooking
accidents, fireworks, or campfires. Their skin is more resistant but still susceptible to deep
burns. Smoke inhalation is a risk, and scarring can cause emotional distress. Treatment
includes fluid resuscitation, pain management, early physical therapy to preserve mobility,
and psychological support for coping with visible scars [1,13,14]. Even in this age group,
burns on the face, particularly around the mouth and nose, can lead to rapid airway
swelling, which may become a life-threatening situation [1,13,14].
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Figure 2. Hypermetabolic state in pediatric burn injury (↑ increased).

Adolescents (>12 years) face flame, chemical, and electrical burns, often linked to
risk-taking behaviors or workplace exposure. Their skin resembles that of adults, making
them less prone to rapid fluid loss, but they have a higher risk of hypertrophic scars
and contractures. The psychological distress related to body image and social impact is
significant, requiring both medical and emotional support [14].

As a result, burn injuries represent one of the most demanding traumatic conditions, re-
quiring an intense multidisciplinary approach to sustain recovery, preserve energy reserves,
and support the healing process.

3.1. Local Response to Burn Injury

Locally, burn injuries initiate dynamic, interdependent processes to limit tissue damage
and promote repair [1,9].

The inflammatory response is activated immediately post-injury and may persist for
months. Affected tissues are classified into three distinct zones: the zone of coagulation,
where thermal damage causes irreversible cellular necrosis; the zone of stasis, marked by
reduced perfusion and salvageable tissue that is highly susceptible to necrosis without
timely intervention; and the zone of hyperemia, characterized by increased blood flow due
to inflammatory vasodilation [1].

Burn injuries induce extensive vascular damage and capillary leakage, driven by
endothelial cell activation. Necrotic cells release damage-associated molecular patterns,
recruiting immune cells such as neutrophils and macrophages. Neutrophils generate reac-
tive oxygen species (ROS) and proteolytic enzymes to clear debris, but their dysregulated
activity can amplify tissue damage. Macrophages exhibit functional plasticity, transitioning
between pro-inflammatory (M1) and anti-inflammatory (M2) phenotypes, thereby playing
a pivotal role in the shift from inflammation to tissue repair [15]. Key pro-inflammatory
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cytokines, including interleukin (IL)-1, IL-6, IL-8, and tumor necrosis factor-alpha (TNF-α),
further amplify the inflammatory response. These effects in pediatric patients are mag-
nified due to their distinct metabolic demands and ongoing developmental processes,
perpetuating a self-reinforcing cycle of inflammation, hypermetabolism, and immune dys-
function. Cytokines mediate vasodilation and increase vascular permeability, leading to
edema that can exacerbate ischemia within the zone of stasis. Concurrent activation of the
complement system and coagulation pathways promotes a pro-thrombotic state, worsening
perfusion deficits [16].

Burn injuries also disrupt keratinocytes, fibroblasts, and endothelial cells, compromis-
ing skin integrity and its regenerative potential. Growth factors, including vascular en-
dothelial growth factor (VEGF) and fibroblast growth factors (FGFs), activate keratinocytes
and fibroblasts, initiating the proliferative phase of wound healing. However, extensive
necrosis in severe burns delays re-epithelialization and granulation tissue formation. Ad-
ditionally, the inflammatory microenvironment upregulates matrix metalloproteinases
(MMPs), which degrade the extracellular matrix and impair structural repair. In the zone of
stasis, ischemia caused by microvascular injury and edema induces tissue hypoxia, which,
if unresolved, progresses to irreversible necrosis. Paradoxically, reperfusion injury is driven
by an influx of ROS and inflammatory mediators, further exacerbating local damage [1,16].
Burn wounds lack the compartmentalized inflammatory response typical of other injuries
due to the destruction of the skin’s structural and immunological barriers. This exposes
deeper tissues to microbial invasion, heightening the risk of infection. Additionally, the
loss of skin integrity compromises thermoregulation, increases transepidermal water loss,
and predisposes patients to secondary complications [1,17].

The local response to burn injury represents a delicate balance between damage limita-
tion and tissue repair. In pediatric patients, thinner skin and an exaggerated inflammatory
response amplify tissue damage, necessitating prompt intervention to preserve viable tissue
in the zone of stasis and facilitate the reparative phase [18].

3.2. Metabolic Changes
3.2.1. Hypermetabolic and Inflammatory Response

In response to a major burn, the pediatric body initiates a hypermetabolic response by
a significant increase in systemic oxygen consumption and ATP expenditure, with resting
energy expenditure (REE) rising by up to 200%, substantially higher than in adults [19].
Additionally, the basal metabolic rate remains elevated by 110% for over a year [20]. This
sustained elevation in REE reflects the energy-intensive demands of tissue repair, immune
activation, and thermoregulation, which are critical for supporting the child’s recovery.

The extent of the hypermetabolic response correlates with the TBSA burned, with
larger burns triggering more pronounced increases in REE [21]. This prolonged hyper-
metabolism, compounded by growth and nutritional needs, can deplete energy stores,
cause muscle wasting, and hinder long-term development [22–24]. Thus, in pediatric burn
patients of all ages, particularly those under 5 years old, maintaining an adequate energy
supply is critical due to their higher basal metabolic rate and limited energy reserves
compared to adults [17].

Suman et al. [25] highlighted that if the heightened REE is not supported with aggres-
sive nutritional support, it can rapidly lead to the depletion of lean body mass and fat stores,
exacerbating muscle wasting and impairing immune function. This loss of lean body mass
further perpetuates the hypermetabolic state, creating a vicious cycle that delays recovery
and increases the risk of complications, including wound infections and sepsis [17,26].

The systemic catabolic state induced by severe burns precipitates immune dysfunction.
The inflammatory response to burns causes profound alterations in innate and adaptive
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immune systems. In children, innate immunity becomes hyperactivated [18], with in-
creased pro-inflammatory signaling and acute-phase protein synthesis, including elevated
C-reactive protein (CRP) levels. In contrast, adaptive immunity is suppressed, character-
ized by impaired T-lymphocyte activity and altered cytokine production. This immune
dysregulation heightens susceptibility to infections and sepsis, which remain the leading
causes of mortality in burn patients [18].

The hypermetabolism is driven by sustained elevations in catecholamines, cortisol,
glucagon, and dopamine, alongside increased levels of IL-1, IL-6, tumor necrosis factor-
alpha (TNF-α), platelet-activating factor (PAF), complement activation, and enhanced
production of ROS [27]. The stress response evolves in two distinct phases: the early
“ebb” phase and the subsequent “flow” phase. The ebb phase begins immediately after
injury, lasting approximately three days, and is characterized by reduced cardiac output,
decreased oxygen consumption, and transient hyperglycemia. As the systemic inflamma-
tory response intensifies, it transitions to the flow phase, a hypermetabolic state marked
by heightened metabolism and circulatory alterations that can persist indefinitely, with
substantial physiological repercussions [2].

This stress response also affects multiple organ systems. The cardiovascular system
undergoes hyperdynamic changes, including increased cardiac output, tachycardia, and
elevated myocardial oxygen consumption, which may lead to myocardial dysfunction.
Cardiac function is notably affected, with increased heart rate and cardiac output persisting
post-burn. The liver experiences hypertrophy and heightened metabolic activity to sustain
acute-phase protein synthesis, but this is frequently accompanied by hepatic dysfunction,
manifested as elevated transaminases and impaired glucose metabolism [20,28].

Following the hypermetabolic response described, hormonal imbalances also become
evident, further exacerbating metabolic inefficiencies [1,4,10]. A detailed discussion of
hormonal changes is provided in the following paragraphs.

3.2.2. Catabolism and Muscle Degradation

Protein catabolism is a critical component of the metabolic response to burns, especially
in pediatric patients, where it can lead to a considerable loss of lean body mass. Due to a
hypermetabolic and hypercatabolic state, severely burned children may lose as much as
20% of their muscle mass within the first few weeks following injury.

This significant muscle loss primarily arises from the body’s heightened demand
for amino acids to facilitate gluconeogenesis, promote wound healing, and support im-
mune function [17].

Children, unlike adults, possess relatively limited muscle reserves, rendering them
more vulnerable to the adverse effects of muscle degradation [29]. In addition, the ongo-
ing hypermetabolic response further compounds muscle mass loss by increasing protein
turnover while decreasing the synthesis of new muscle proteins [25].

Skeletal muscle plays a central role in the body’s response to burns, acting as a primary
reservoir of amino acids, such as alanine, to support wound healing, gluconeogenesis, and
acute-phase protein synthesis. However, the balance between muscle protein synthesis
and degradation is significantly disrupted, with proteolysis exceeding synthesis, leading to
muscle wasting and increased morbidity and mortality. The net catabolic state persists for
over a year in pediatric patients, with lean body mass reductions observed for 2–3 years
post-injury. Proteolysis is driven by the activation of the ubiquitin-proteasome system, a
proteolytic pathway that degrades muscle proteins [15,30]. This process is further exac-
erbated by elevated systemic levels of stress hormones and pro-inflammatory cytokines,
including IL-6 and TNF-α, which upregulate muscle proteolysis and interfere with anabolic
signaling pathways such as insulin signaling. Two distinct phases of disruption may be
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distinguished. The acute resorption phase occurs within the first two weeks post-injury,
driven by elevated cytokines such as IL-1β and IL-6. The subsequent phase is characterized
by reduced bone formation, leading to an adynamic bone state with low turnover. Pediatric
burn patients may lose up to 7% of lumbar spine bone mass within three weeks, with total
body bone mass decreasing by 3% at six months post-burn. This condition contributes
to growth delays, bone loss, and further lean mass depletion, perpetuated by elevated
glucocorticoid secretion, vitamin D deficiency, and calcium loss. Hypoparathyroidism
may also exacerbate these effects [15,30–32]. Total body bone mineral content decreases by
3%, with cortical bone recovery within 18–24 months, while trabecular bone mass remains
compromised. Consequently, children with severe burns are at increased risk for reduced
peak bone mass, future osteoporosis, and fracture rates [30,33]. Long-term muscle loss
can also hinder growth and skeletal development, contributing to growth retardation in
children with severe burns [32,34].

Exercise and rehabilitation are critical for recovery. Structured resistance training
has been demonstrated to improve muscle strength and functional mobility in children
with severe burns [35]. In pediatric burn patients, a comprehensive approach combining
nutritional support, pharmacological therapy, and physical rehabilitation offers the best
chance for long-term recovery.

3.2.3. Negative Nitrogen Balance

Burn injuries result in a negative nitrogen balance, where the breakdown of proteins
exceeds their synthesis. This imbalance is a key feature of the hypercatabolic state that
follows severe burns, resulting in significant nitrogen loss in urine, which indicates
extensive muscle protein degradation. Such nitrogen loss impairs a child’s ability to
rebuild tissues and recover lean body mass. Children are particularly at risk due to their
higher protein turnover rates and lower muscle reserves compared to adults, which
increases the likelihood of delayed wound healing, weakened immune function, and
growth retardation [36].

Urinary nitrogen excretion can remain elevated for weeks to months after the injury,
often correlating with the TBSA affected. This prolonged nitrogen imbalance contributes to
ongoing muscle wasting and functional impairment, extending the recovery and rehabilita-
tion process for pediatric patients [10].

The most effective approach to managing nitrogen loss in severely burned children
involves a combination of high-protein nutrition, pharmacological therapies, and early
physical rehabilitation. Together, these strategies help mitigate protein degradation, pre-
serve lean body mass, and support recovery in this vulnerable population.

3.2.4. Lipolysis and Oxidative Stress

In response to the increased energy demands following severe burns, lipolysis is
significantly accelerated, resulting in the release of free fatty acids (FFAs) as an alternative
energy source [37]. This contributes to hepatomegaly, steatosis, and impaired fat oxidation,
perpetuating hypermetabolism and muscle catabolism. A phenomenon known as adi-
pose tissue browning, characterized by white adipocytes adopting a brown, thermogenic
phenotype mediated by UCP-1 and possibly IL-6, exacerbates hypermetabolism. This
process promotes lipotoxicity, insulin resistance, and futile triglyceride cycling, further
compounding the systemic metabolic disruption [30,38,39].

This mechanism is crucial for meeting the heightened metabolic requirements during
the acute phase of injury. However, prolonged lipolysis can lead to the overproduction of
ROS, contributing to oxidative stress. Pediatric burn patients are particularly vulnerable
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to these effects due to their limited antioxidant defenses and higher metabolic demands
relative to their body size.

Oxidative stress has been linked to immune dysfunction, delayed wound healing,
and an increased risk of infections. Excessive ROS production damages cellular mem-
branes, proteins, and DNA, further impairing tissue repair and prolonging recovery [37].
The immune dysfunction caused by oxidative stress heightens the susceptibility to oppor-
tunistic infections, which remain a leading cause of morbidity and mortality in pediatric
burn patients [40].

Recent evidence highlights mitochondrial dysfunction in skeletal muscle post-burn,
with the uncoupling of oxidative phosphorylation leading to increased heat generation
and hypermetabolism. This process elevates ROS production, impairing mitochondrial
efficiency and contributing to muscle degradation. Elevated uncoupling proteins (UCP-2
and UCP-3) further reduce ATP production, while mitochondrial stress responses fail to
counteract damage effectively [41]. Additionally, systemic inflammation, mediated by
factors such as inducible nitric oxide synthase (iNOS) and NF-κB, exacerbates insulin
resistance and muscle atrophy [30,42].

In summary, while accelerated lipolysis provides a vital energy source during the
hypermetabolic phase following burns, the associated oxidative stress presents significant
challenges in pediatric burn care. A combined approach that includes nutritional support,
antioxidant supplementation, and strategies to reduce metabolic stress may help optimize
recovery and improve long-term outcomes in this vulnerable population.

3.3. Hormonal Changes
3.3.1. Catecholamines and Sympathetic Nervous System Activation

Catecholamine release is one of the primary responses to burn trauma, increasing
up to tenfold in severely burned children [17]. Catecholamines, such as epinephrine and
norepinephrine, stimulate an increased heart rate, cardiac output, and metabolic rate by
activating the sympathetic nervous system (SNS). In pediatric patients, the smaller body
surface area-to-weight ratio and reduced glycogen stores amplify the systemic effects of
this response compared to adults. These hormones promote glycogenolysis and lipolysis,
which release glucose and fatty acids to meet the heightened energy demands associated
with repair mechanisms [37,43,44].

The sustained release of catecholamines can have several negative effects: prolonged
exposure to high levels of catecholamines can lead to increased oxidative stress, impaired
immune function, and a catabolic state that accelerates muscle wasting. This issue is
particularly concerning in pediatric patients, as muscle loss can significantly affect their
growth and development, resulting in delayed recovery and longer rehabilitation needs.
Furthermore, the combination of heightened sympathetic nervous system (SNS) activation
and elevated cortisol levels may further suppress the regenerative capacity of pediatric
tissues, complicating the healing process [45–47].

Hypercatecholaminemia in pediatric burn patients has been found to persist for
months following the initial injury, with some studies reporting sustained SNS hyperactivity
for up to 12 months post-burn [23].

This prolonged activation of the SNS has been linked to several negative outcomes,
including reduced bone mineral density, increased insulin resistance, and delayed wound
healing. These findings highlight the importance of implementing targeted interventions
to address and mitigate the long-term effects of sustained SNS activation [4,48].
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3.3.2. Cortisol and Hypothalamic–Pituitary–Adrenal (HPA) Axis

Cortisol plays a vital role in the body’s response to stress. After a burn injury, cortisol
levels peak within a few days and remain elevated. This increase in cortisol promotes
gluconeogenesis and protein breakdown, supplying the body with energy substrates [37].

However, chronic elevation of cortisol, known as hypercortisolemia, can have several
harmful effects, especially in children: prolonged high cortisol levels contribute to hyper-
glycemia, insulin resistance, and immunosuppression, and hyperglycemia can heighten the
risk of infections and sepsis, which are significant complications for burn patients [49–51].

Furthermore, extended exposure to cortisol dampens the immune response, reducing
lymphocyte function and increasing vulnerability to opportunistic infections [52,53].

Cortisol also plays a direct role in delaying tissue repair processes. Its inhibitory effects
on collagen synthesis can impair wound healing and increase the risk of hypertrophic
scarring, which is particularly common in pediatric patients due to their active fibroblastic
response. Additionally, excessive cortisol disrupts bone metabolism by reducing calcium
absorption and increasing bone resorption. When combined with prolonged immobility,
this elevates the risk of osteoporosis and stunted growth in children [54,55].

The long-term effects of prolonged activation of the hypothalamic–pituitary–adrenal
(HPA) axis highlight the importance of early interventions to manage cortisol levels. Strate-
gies such as nutritional optimization, physical therapy, and pharmacological treatments
aim to reduce the adverse effects of hypercortisolemia while supporting the critical energy
demands of recovery in pediatric burn patients [4,8].

3.3.3. Thyroid Hormones and Euthyroid Sick Syndrome

Severe burn injuries can significantly impact thyroid hormone levels, often resulting
in a condition known as euthyroid sick syndrome (ESS). This condition is characterized
by decreased levels of triiodothyronine (T3) and thyroxine (T4) while thyroid-stimulating
hormone (TSH) levels remain normal or slightly low [56,57].

In pediatric burn patients, ESS is particularly concerning due to children’s higher
metabolic demands and the crucial role of thyroid hormones in growth, development, and
metabolic balance [58,59].

Reduced T3 and T4 levels also can impair protein synthesis and delay wound healing,
both essential for recovery in growing children [60].

Additionally, thyroid dysfunction can worsen thermoregulatory challenges. Pediatric
burn patients are already more susceptible to excessive heat loss due to their larger surface
area-to-mass ratio and compromised skin barrier, and this necessitates increased energy
expenditure to maintain core body temperature. The suppression of thyroid hormones ex-
acerbates this imbalance, leading to prolonged hypothermia and energy deficiency [61–63].
Closely monitoring thyroid function and adopting a balanced treatment approach are
essential to avoid disrupting the body’s natural hormonal adaptations while effectively
managing the long-term effects of ESS [62–64].

3.3.4. Insulin and Insulin Resistance

Hyperglycemia and insulin resistance are common in pediatric burn patients due
to the combined effects of cortisol, catecholamines, and the release of pro-inflammatory
cytokines. These factors contribute to a hypermetabolic state that increases hepatic glucose
production while impairing glucose uptake in peripheral tissues, such as muscle and
adipose tissue [65,66].

Persistent hyperglycemia is linked to negative clinical outcomes, including increased
infection rates, delayed wound healing, and impaired immune function—factors that
can prolong hospitalization and recovery time. Additionally, prolonged hyperglycemia
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intensifies the catabolic state, speeding up the loss of muscle mass and hindering the
recovery process [65,67].

Insulin resistance is evident within the first week post-burn and can persist for up to
three years. Maria Chondronikola et al. [68] identified significant predictors factors that are
associated with long-term insulin resistance in survivors of pediatric burn injury including
burn size, time post-burn, age, lean mass, and adiposity. The study demonstrated that
24 to 36 months after burn injury, a significant proportion of pediatric burn survivors have
glucose abnormalities, which should be investigated after burn injury. Data were con-
firmed by Gauglitz et al. [69] where glucose levels were significantly elevated at 6 months
post-burn (p < 0.05), associated with significant increases in serum C-peptide and insulin,
which remained significantly elevated at 36 months compared with non-burned children
(p < 0.05). Cross-talk between tissues—including the liver, adipose tissue, and skeletal
muscle—further amplifies metabolic dysfunction.

3.3.5. Growth Hormone (GH) and IGF-1 Dysregulation

Growth hormone (GH) and insulin-like growth factor-1 (IGF-1) are essential for
growth and tissue repair. After a burn injury, GH levels often increase; however, this rise
is typically associated with a condition known as “GH resistance”, where IGF-1 levels
remain low. This leads to impaired protein synthesis, reduced muscle recovery, and
delayed tissue repair [17].

Pediatric patients are particularly susceptible to these effects, as IGF-1 is essential for
linear growth, skeletal development, and muscle regeneration during critical phases of
childhood development. The disruption of the GH/IGF-1 axis can lead to growth retarda-
tion and prolonged rehabilitation in children with severe burns. Herndon et al. [21,70–72]
showed that low IGF-1 levels exacerbate the catabolic state, resulting in increased muscle
wasting and impaired wound healing. Furthermore, insufficient IGF-1 signaling nega-
tively impacts bone growth, heightening the risk of long-term growth stunting and skeletal
abnormalities, which can persist even after the acute recovery phase [32,36].

4. Long-Term Consequences for Growth and Development
The hypermetabolic and hypercatabolic responses in children with burn injuries can

lead to significant long-term consequences for their growth and development.
These consequences include reduced bone mineral density (BMD) and an increased

risk of osteoporosis later in life. Prolonged metabolic stress disrupts the balance between
bone formation and resorption, resulting in low bone density that may persist for years
after the injury. This is particularly concerning during childhood, a critical period for
accumulating peak bone mass [34,73].

The risk of skeletal complications is further exacerbated by immobilization, which
is common during burn recovery and accelerates bone resorption and muscle wasting.
Prolonged inflammation and elevated cytokine levels also impair the activity of osteoblasts,
contributing to reduced BMD [10,32].

Stunted growth is another well-documented outcome, as burn injuries impair the GH/
IGF-1 axis, leading to GH resistance and reduced IGF-1 levels. This hormonal dysregulation,
combined with protein catabolism and nutrient deficiencies, delays linear growth and can
cause significant height deficits if left untreated [4,25].

Few studies have followed children beyond the acute recovery phase to evaluate
growth, bone health, and metabolic function into adolescence and adulthood. More lon-
gitudinal research is needed to identify effective therapies and develop comprehensive
care strategies that address both the acute and chronic consequences of severe burns in
children [1,16,74,75]. In Table 1, key scientific studies on burn patients are reported.
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Table 1. Key scientific studies on burn patients, outlining the main findings and characteristics of
the research.

Author(s) Population Studied Result Conclusions

Williams FN et al., 2009 [23] Mixed-age burn patients with
severe injuries

The hypermetabolic response
increases resting energy
expenditure (REE), protein
catabolism, and delays wound
healing. Targeted therapies like
beta-blockers and insulin
showed improvements.

Early management of the
hypermetabolic response
improves survival, reduces
complications, and
enhances recovery.

Jeschke MG, et al., 2009 [22] Burn patients with hepatic
complications

The liver plays a critical role in
the hypermetabolic response
through altered
gluconeogenesis, inflammation,
and acute phase
protein synthesis.

Optimizing hepatic function
through tailored
pharmacological and
nutritional interventions
significantly impacts
patient outcomes.

Jeschke MG, et al., 2008 [17] Severely burned adults
and children

Burns trigger systemic
responses, including
inflammation, insulin resistance,
and increased REE, with
immune system dysfunction
prolonging recovery.

Understanding
pathophysiology enables
development of therapies
targeting metabolic, immune,
and inflammatory responses.

Porter C, et al., 2016 [37] Burn patients with focus on
metabolic recovery

Burn trauma induces significant
metabolic stress, exacerbated by
inflammation and insulin
resistance, impacting muscle
and bone integrity.

Emerging therapies, including
pharmacological and
nutritional approaches, are
essential to modulate
metabolic stress and
improve outcomes.

Jeschke MG, et al., 2011 [4] Burn patients with systemic
metabolic dysfunction

Pathophysiologic responses
persist long-term, including
inflammation, insulin resistance,
and muscle atrophy.

Long-term monitoring and
integrated care plans are
critical for addressing
systemic effects in survivors.

Jeschke MG, et al., 2007 [76]
Pediatric burn patients with
>40% total body surface area
(TBSA) burns

Larger burns correlate with
more severe metabolic and
inflammatory responses,
including elevated cytokines
and catecholamines.

Tailoring therapy based on
TBSA improves survival rates
and recovery outcomes in
pediatric patients.

Williams FN, et al., 2017 [16] Pediatric burn patients with
long-term follow-up

Long-term hypermetabolic
stress impacts growth
parameters, including delayed
linear growth, muscle mass
depletion, and reduced
bone density.

Long-term care involving
metabolic and nutritional
interventions is necessary to
mitigate growth and
developmental delays.

Suman OE, et al., 2006 [25] Severely burned children
engaged in exercise trials

Exercise revealed significant
deficits in aerobic and anaerobic
capacity, exacerbating physical
recovery challenges.

Structured rehabilitation
programs are essential to
rebuild energy systems and
optimize functional outcomes
in severely burned children.

Jeschke MG, et al., 2020 [1] Pediatric burn survivors
across multiple studies

Longitudinal studies reveal
persistent growth impairments,
insulin resistance, and ongoing
metabolic challenges in
burn survivors.

A multidisciplinary approach
involving endocrinologists,
dieticians, and physical
therapists is necessary for
long-term recovery and
quality of life.
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Table 1. Cont.

Author(s) Population Studied Result Conclusions

Porter C, et al., 2016 [34] Pediatric burn survivors
undergoing rehabilitation

Immobilization worsens muscle
and bone loss; early
rehabilitation preserves skeletal
health, reduces muscle
catabolism, and enhances
functional outcomes.

Rehabilitation must be
integral to post-burn care to
counteract immobilization’s
detrimental effects and
promote recovery.

Clark A, et al., 2017 [10] Burn patients undergoing
nutritional assessment

High-protein diets and calorie
optimization showed significant
improvements in muscle
preservation and
wound healing.

Tailored nutritional strategies
enhance outcomes, reduce
infections, and shorten
recovery time, emphasizing
individualized care.

Jeschke MG, et al., 2004 [28] Pediatric burn patients with
severe burns

Severe burns lead to prolonged
hypermetabolism, affecting
hepatic protein production and
immune function.

Long-term metabolic
monitoring is critical in
children with severe burns to
address hepatic dysfunction
and systemic effects.

Jeschke MG, et al., 2007 [77] Pediatric burn patients with
propranolol treatment

Propranolol reduces heart rate,
REE, and muscle breakdown
without increasing
inflammation or infection risks.

Propranolol is effective and
safe in reducing
hypermetabolism and
preserving muscle mass in
pediatric burn patients.

5. Pediatric Management of the Stress Response to Burn Trauma
Burns are a traumatic event with a significant impact on pediatric patients. Due to the

increased ratio between TBSA and body mass, children are at immediate risk of triggering a
cascade of inflammatory, metabolic, and hormonal changes that lead to irreversible damage.
Proper management reduces the stress response cascade, especially in large lesions and in
small patients who physiologically present thinner skin [78].

5.1. Environmental Stewardship

A specialized environment is essential for the effective management of pediatric burns.
From the pre-hospital phase through hospitalization and follow-up care, it is crucial to have
a dedicated team with expertise in pediatric burn management. Comprehensive pain and
stress management should begin immediately following the injury to prevent a cascade of
physiological and psychological responses to trauma [2].

It is well established that the inflammatory process and wound healing are
closely linked to pain due to the cascade of mediators released both in the short and
long term [78].

Burn pain is a spectrum of moments that accounts for acute, breakthrough, procedural,
and background pain. Pain management is fundamental to achieving the correct healing
process and preventing long-term psychological and behavioral sequelae [78].

Effective pain management should be addressed through dedicated protocols and
innovative techniques to minimize discomfort and improve recovery [79,80].

Brown et al. [79] experimented with the use of Ditto®, an electronic medical device
that aids children to distract and manage procedural pain. Their RCT showed a faster
re-epithelization rate in the intervention group and a lower pain score reported compared to
standard treatment. Moreover, Chester et al. investigated hypnosis through an RCT, demon-
strating the efficacy of this approach tailored and personalized to children’s needs [81]. The
evaluation of combined treatments (such as opioids, NSAIDs, and gabapentinoids [82])
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can be extremely useful for exploring new therapeutic possibilities for neuropathic pain
management in adolescents.

In addition to pain, anxiety and stress-related disorders must also be considered in the
care of pediatric burn patients [83]. Scars can lead to social distress, making psychological
support an important aspect of long-term care [1,13].

Psychological support is crucial, as many adolescents experience depression, anxiety,
or post-traumatic stress disorder after suffering severe burns. Additionally, adolescents
may be resistant to rehabilitation measures, such as wearing pressure garments or attending
therapy, often due to feelings of embarrassment. Therefore, additional motivation and
counseling may be necessary to encourage adherence to treatment [12,84–86].

Follow-up care should be tailored to the pediatric burn population to prevent perma-
nent sequelae that can lead to social and psychological disorders over time [87].

5.2. Early Wound Excision and Closure

It is well established that the timing of wound incision is correlated with both hospital
length of stay and short- and long-term outcomes, such as infection rate and metabolic
complications [88–90]. Partial- and full-thickness burns should be treated promptly to
remove necrotic tissue and facilitate skin regeneration; if not feasible, early grafting should
be considered. Deep debridement creates a favorable environment for skin regeneration,
helps prevent infections, and facilitates the overall healing process. Early wound excision
also prevents the hypermetabolic response associated with severe burns, thereby reducing
the physiological parameters linked to stress syndrome [91,92].

Early wound excision has been shown to improve the stress response in pediatric
burn patients by reducing the establishment of inflammatory syndrome and modulating
the acute phase response to major stress. The management of pediatric burns has also
evolved. In the case of severe burns, or mixed-depth lesions, which are the majority of
thermal burns in children, the use of enzymatic debridement (Nexobrid®) has grown in
popularity in the pediatric age over traditional surgery (necrosectomy procedures) [93].
Chemical debridement has the great advantage of identifying the selectivity of the deep
areas and preserving the vital dermis, avoiding unnecessary skin grafting and improving
the outcome. The main advantage of using this therapy is the number of subsequent
reconstructive procedures required due to scar contractures, which is reduced compared to
children who had traditional necrosectomy [94].

Furthermore, prompt wound treatment helps prevent the onset of infection and
reduces the risk of subsequent blood loss [95,96].

The literature emphasizes the positive impact of early wound excision in the pediatric
population, particularly in the context of major burns [94–96]. Nevertheless, as most burns
in small children are caused by hot liquids, it is crucial to address the varying degrees of
lesions within the same areas as soon as possible. Prompt wound treatment reduces the
progression of the deep lesions and the risk of subsequent further debridement to promote
the healing process.

In addition to wound excision and debridement, skin grafting is the standard treatment
for burn injuries. Various techniques have been investigated in the pediatric population,
with the scalp being considered an excellent viable donor site for full-thickness lesions.
Other options, such as human skin allografts and synthetic grafts, have also been explored
as bridge therapies before definitive skin grafting [97–99] in severe conditions.

Dermal substitute application, composed of bio-engineered materials or biomimetic
constructions of collagen, elastin, and synthetic polymers, should be considered the treat-
ment of choice for pediatric partial-thickness burns, the most common condition in burned
children [100]. They promote tissue and facilitate cell migration, wound healing, and
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regeneration, resulting in a shorter hospital stay, a lower need for escharotomy and grafting,
and a lower need for long-term reintervention.

The more recent data from the literature support Negative Pressure Wound Therapy
(NPWT) in pediatric ages [101]. This technique has been introduced in clinical practice
even in infants (2-month-old patients) with deep second- or third-degree burns of different
causes (thermal, chemical, electrical, and frostbite). Even though there is no consensus
on the indication, different authors suggest that edema evacuation from the extravascular
space decompresses small vessels, increases local blood supply, improves microcirculation
and angiogenesis, and increases the viability of the borderline tissues. Moreover, patient
mobilization is allowed immediately after the grafting procedure, and a reduction in painful
dressing changes, compared to conventional dressing, has been documented.

It is also important to emphasize that burn injuries in critical areas of the body
present unique challenges because they significantly affect both physical function and
psychological well-being. The complex anatomy and vital functions of the face, hands,
feet, and genitalia mean that burns in these regions require specialized treatment and
rehabilitation approaches. This targeted care aims to minimize long-term complications
and enhance patient outcomes. These burns carry a high risk of complications, including
functional impairment, contractures, disfigurement, and psychological distress. Early
intervention through multidisciplinary care—incorporating surgical management, re-
habilitation, and psychosocial support—is essential to optimize recovery and prevent
long-term disabilities [102].

Burns to the face are particularly concerning because they pose a risk of airway
compromise, corneal injury, and permanent scarring. The high vascularity of facial tissues
leads to rapid swelling, which can obstruct the airway, especially in burns affecting the nose,
mouth, and throat. Inhalation injuries may also occur alongside facial burns, necessitating
early intubation to secure the airway and prevent respiratory distress [102,103].

In general, any burns of the eyes or eyelids require urgent ophthalmologic consulta-
tion. To protect the eyes, lubricating ointments and moisture chambers are used. Beyond
acute management, long-term interventions focus on minimizing scarring and restoring
facial symmetry. Early excision and skin grafting, along with laser therapy and pressure
therapy, help improve cosmetic outcomes and reduce hypertrophic scar formation. Given
the psychosocial impact of facial burns, particularly in older children and adolescents, psy-
chological support and reconstructive surgery may be required to aid emotional recovery
and social reintegration [104,105].

Burns to the hands are among the most functionally significant injuries in children, as
hands are essential for fine motor skills and self-care. The thin skin on the hands, along
with the superficial position of tendons, nerves, and joints, makes them highly susceptible
to contractures and loss of function if not treated promptly. To prevent joint stiffness and
deformities, immediate splinting and positioning of the hands in a functional posture are
crucial. Early physical and occupational therapy is vital to maintain range of motion and
prevent long-term disability [106]. Without early intervention and ongoing rehabilitation,
even minor burns to the hands can lead to significant impacts on dexterity and daily
activities, potentially resulting in lifelong functional impairments [102].

Burns on the feet present unique challenges due to their crucial role in weight-bearing
and mobility. Scarring and contractures in this area can lead to chronic pain, difficulty
walking, and postural imbalances. In young children, deep burns over growth plates may
result in skeletal deformities and long-term orthopedic problems. During the acute phase of
healing, a non-weight-bearing approach is recommended to protect the healing tissue and
prevent wound breakdown. Once the initial healing is complete, custom orthotics and phys-
iotherapy can help maintain proper foot alignment and restore normal function [107–109].
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Genital and perineal burns, while less common, require specialized management due
to the sensitivity of the tissues and their important functional roles. The area is highly
vascularized, which promotes rapid healing; however, scarring and contractures can lead to
complications such as urinary retention, strictures, phimosis, or vaginal stenosis, potentially
affecting future reproductive and sexual function.

Urinary catheterization is often necessary to prevent urinary retention and reduce the
risk of secondary infections. Bladder catheterization (with a Foley catheter) is important in
severely burned patients to monitor the adequacy of fluid resuscitation [104].

In cases where scarring results in functional impairment, early surgical interven-
tion may be required to avoid long-term complications. Additionally, considering the
psychological impact of genital burns—especially in adolescents—it is important to inte-
grate long-term monitoring and counseling into the care plan to support self-esteem and
body image [102].

5.3. Nutritional Care

Nutritional care is a critical component in the management of pediatric burn patients.
A hypermetabolic state typically follows the injury, and all efforts should be made to
mitigate its consequences.

Burns result in a complex disease, with a high-demand metabolic state even
higher compared to other critical states. The pediatric population is even more at risk
since the catabolic state induces a dispense of the reserves that are limited in early-
age patients [110,111].

Enteral nutrition via nasogastric tube is considered standard care for extensive burns,
as it provides high-calorie, high-protein support, leading to significant improvements in the
nutritional status of the patient [112]. The timing of starting enteral nutrition is very impor-
tant, and early nutrition should be achieved in the pediatric population since it improves
clinical outcomes, as shown by Shahi et al. [113]. Early enteral nutrition in burn patients
has proven to be a safe and effective intervention, helping to reduce stress hormones and
hypermetabolism, minimize catabolic processes, enhance immunoglobulin production,
lower the incidence of stress ulcers, shorten intensive care unit (ICU) and hospital stays,
and decrease mortality rates [110,113]. A delay in the initiation of enteral nutrition has been
identified as a risk factor for poor outcomes and delayed recovery [113,114]. To overcome
practical difficulties, many studies have been looking into intraoperative feeding, and there
is strong evidence that intraoperative feeding is a safe and feasible option for providing
enteral nutrition and ensuring adequate caloric intake [110,115,116].

Parenteral nutrition has been discussed as an alternative to enteral nutrition when not
possible; maintaining a high intake of calories and nutrients is fundamental for the healing
process and should not be interrupted. Burn-related inflammation leads to significant
alterations in body composition, affecting both body mass and bone mineral density.
However, an accurate assessment should be conducted to determine the specific needs
of each patient throughout all phases of the healing process, including rehabilitation and
follow-up care [117,118].

Burned patients require a tailored nutritional approach due to their increased metabolic
demands. Specifically, protein needs are significantly increased in burn patients due to
losses through urine and wounds, heightened demand for gluconeogenesis, and the process
of wound healing. High-protein diets have shown positive outcomes, particularly in
children, where protein intake (around 23% of total calories) enhances immune function,
reduces bacteremia, and improves survival rates. As the burn size increases, greater
protein intake is necessary to achieve a positive nitrogen balance, typically ranging from
1.5 to 3.0 g/kg/day [119–121].
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Fats constitute a significant portion of caloric intake (30–50%) in critically ill patients
to reduce carbohydrate needs and improve glucose tolerance. However, excessive fat
intake can lead to complications such as hyperlipidemia, hepatic steatosis, hypoxemia, and
increased infection risk. Guidelines recommend limiting fat intake to below 35% of total
energy intake (TEI) [119].

Finally, carbohydrates should provide 55–60% of TEI but not exceed 5 mg/kg/min to
prevent complications associated with excessive carbohydrate administration [122].

Concerning micronutrients, burn patients have higher requirements for vitamins C, A,
and D and Zinc to support immune function and aid wound repair. Additionally, research
suggests that nutritional supplementation with antioxidants such as vitamin E, vitamin C,
and selenium may be useful to reduce oxidative damage. Studies indicate that antioxidant
therapy may enhance immune function, support wound healing, and reduce the incidence
of complications. However, the efficacy and safety of these interventions in pediatric burn
patients remain uncertain, and further large-scale clinical trials are needed to establish
evidence-based guidelines [10].

5.4. Pharmacological Modulation

Pharmacological modulation plays a pivotal role in the pediatric management of
stress responses following burn trauma, addressing both physiological and psychologi-
cal sequelae. As stated earlier, burn injuries in children induce a hypermetabolic state
characterized by elevated levels of stress hormones and inflammatory cytokines, which
can exacerbate tissue damage, impair wound healing, and hinder overall recovery. Re-
cent improvements in understanding the hypermetabolic response to severe burns, along
with advancements in critical care and infection management, have greatly reduced
morbidity for burn survivors.

Pharmacological interventions aim to attenuate this maladaptive stress response while
promoting an environment conducive to healing [2].

Agents such as beta-adrenergic blockers, exemplified by propranolol, are employed to
mitigate hypermetabolism by reducing heart rate, energy expenditure, myocardial oxygen
consumption, and protein catabolism [77]. This anti-catabolic therapy was shown to
attenuate lipolysis, reduce hepatic fat accumulation, and improve insulin sensitivity [123].
Additionally, Hendron et al. found that beta-blockers, such as propranolol, have proven
effective in reducing the hypermetabolic response by lowering catecholamine activity,
which decreases protein breakdown and improves nitrogen balance [21].

Similar to propranolol, the exogenous administration of human GH (rHGH) by
daily intramuscular injection significantly reduces the loss of lean body mass in patients
but has mainly been studied in children, and combinations with propranolol have also
shown benefit [124].

In addition, rhGH significantly reduced the serum levels of tumor necrosis factor-α,
interleukin-1, serum amyloid A, and C-reactive protein and improved the hepatic acute-
phase response, increased albumin synthesis, and demonstrated beneficial effects on weight
gain, bone mineral content, growth velocity, and cardiac function, which persist in the
long term.

GH therapy has been also investigated as a potential intervention to address the
adverse effects of GH resistance. Research conducted by Suman and Herndon [16,30,125],
indicates that administering recombinant GH can help maintain lean body mass, enhance
protein synthesis, and accelerate wound healing in children with severe burns. Additionally,
GH therapy has been associated with improved linear growth rates and better rehabilita-
tion outcomes. For instance, Suman et al. [25,35] documented increases in muscle strength
and enhanced exercise capacity in pediatric burn patients treated with GH. Nonetheless,
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concerns persist regarding the long-term safety and effectiveness of GH therapy in children.
Possible side effects include hyperglycemia, fluid retention, and intracranial hyperten-
sion, which necessitate careful monitoring during treatment [17,25,35,126]. Given these
challenges, further research is essential to optimize GH dosing protocols and identify
pediatric burn patients who would most benefit from this treatment while minimizing
associated risks.

Concurrently, Przkora et al. [127] support the administration of anabolic agents, in-
cluding oxandrolone, an analog of testosterone. Their results showed that long-term
oxandrolone treatment in severely burned pediatric patients effectively counters the per-
sistent hypermetabolic state and promotes lean body mass accrual, bone mineral content
and density, and muscle preservation. It also positively modulates anabolic and catabolic
hormone profiles, increasing IGF-1 and testosterone levels and reducing cortisol. In recent
years, there have been significant improvements in nitrogen retention and lean body mass
in pediatric burn patients receiving oxandrolone [76,128,129]. These changes are associated
with improved recovery outcomes, including better growth, wound healing, and overall
physical rehabilitation.

Other anabolic agents still under investigation include metformin, IGF-1 combined
with IGFBP-3, GLP-1, and PPAR-γ agonists [124]. Other therapeutic strategies, such as
pamidronate or hormonal supplementation, may mitigate dysfunctional bone remodel-
ing. A randomized double-blind controlled trial conducted by Borsheim and colleagues
investigated the effects of a single dose of bisphosphonate administered within ten days
following severe burn injury. The study revealed that this treatment not only suppressed
muscle protein degradation but also enhanced muscle protein synthesis, resulting in a
net anabolic effect compared to a placebo. Supporting this observation, the muscle fiber
diameter was significantly larger in pamidronate-treated patients at 30 days post-burn, and
at 9 months, peak lower limb torque in these patients was comparable to that of age- and
sex-matched non-burned children. In contrast, placebo-treated patients showed a trend
toward persistent lower limb weakness. These findings suggest that the pathophysiology
of post-burn cachexia may involve factors released during bone resorption [15,130].

Glucose metabolism was similarly disrupted, with hyperglycemia and hepatic insulin
resistance observed, underscoring the need for interventions targeting glucose regulation
between 130 and 150 mg/dL. Insulin therapy has demonstrated considerable benefits
for pediatric burn patients. Jeschke et al. [67] found that insulin administration reduces
infection rates, fosters anabolic effects through enhanced protein synthesis, and helps
preserve muscle mass, all of which are vital for functional recovery and growth. It promotes
glucose uptake in muscle and adipose tissues, enhances protein synthesis, and inhibits
proteolysis but carries a risk of hypoglycemia [16,30]. Metformin, instead, offers a safer
alternative by improving glucose control. Recently, Rivas et al. [131] tested the hypothesis
that combining metformin with a 6-week exercise program may further improve outcomes
in burned children.

While thyroid hormone supplementation has also been proposed as a treatment option,
its application in pediatric burn patients remains a topic of debate [132]. Additionally,
further research specifically targeting pediatric populations is necessary to develop safe
and effective treatment strategies [59].

Burn injuries frequently result in progressive vitamin D deficiency, primarily due to
the compromised ability of injured and adjacent skin to convert 7-dehydrocholesterol into
vitamin D upon ultraviolet B radiation exposure, compounded by insufficient vitamin
D supplementation during or following acute burn care. Considering the established
importance of vitamin D in maintaining muscle function, reestablishing normal circulating
levels may contribute to the enhancement of bone and muscle health during the recovery
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phase post-burn [133]. Beyond metabolic stabilization, analgesics and sedatives are integral
for managing pain and anxiety, which are substantial contributors to the neuroendocrine
stress cascade.

Pardesi et al. [85] explored the challenges and advancements in treating pain in chil-
dren who suffer from burn injuries. Nonsteroidal anti-inflammatory drugs are minimally
studied in burn patients due to side-effect risks (gastrointestinal complications, bleeding
risk, and renal toxicity). Ketamine is a well-established analgesic and sedative in pediatric
burn care, particularly during painful procedures such as dressing changes and debride-
ment, characterized by a favorable safety profile compared to opioids. Benzodiazepines,
such as midazolam, are commonly used in pediatric burn patients to manage procedural
anxiety and agitation. Medications often prescribed for managing neuropathic pain in chil-
dren include tricyclic antidepressants, such as nortriptyline and amitriptyline, along with
anticonvulsants like gabapentin and pregabalin. Alongside conventional pharmacologi-
cal treatments for managing background, procedural, and perioperative pain, increasing
evidence supports the use of regional anesthesia and innovative technologies like virtual
reality. However, numerous clinical questions remain unanswered in the treatment of burn
patients, highlighting the need for further research in various areas to enhance care for
these children.

Moreover, anti-inflammatory medications, including corticosteroids and cytokine
inhibitors, are being explored to suppress the overactive inflammatory response. Cortisol-
blocking strategies, including ketoconazole, are under investigation [16,134].

6. Limitations
Certainly, this review has its limitations. To begin with, it is presented as a narrative

review, which, as highlighted by Gregory et al. [135], provides a non-systematic summary
and evaluation of the available literature on a specific subject. The lack of a systematic
approach in narrative reviews implies the absence of rigorously defined methodologies,
which can lead to selection biases and predominantly qualitative analyses. For example,
this review exclusively considers articles retrieved from PubMed and the Web of Science,
including manuscripts published only in English, potentially overlooking relevant studies
accessible through other databases or search platforms. The literature review highlights
that high-quality clinical studies on pediatric burn patients are often scarce. Most of the
existing research is observational or based on small sample sizes, which reduces the robust-
ness of the conclusions. Data heterogeneity is another significant issue, as studies often
involve diverse pediatric populations with varying degrees of burn severity, age ranges,
and comorbidities, complicating direct comparisons. Furthermore, due to the paucity of
pediatric-focused studies, this review may have incorporated data from adult populations,
which can limit the applicability of the conclusions. Additionally, age-specific variations
and developmental changes in hormonal and metabolic regulation pose challenges in
standardizing results across different age groups. Variability in diagnostic criteria and
methods for measuring hormonal and metabolic changes can further hinder meaningful
comparisons between studies. Similarly, the diversity of therapeutic approaches, coupled
with the absence of standardized protocols, often leads to inconsistencies in the reported
outcomes, emphasizing the need for large-scale clinical studies. Finally, we focused on the
complex response occurring in major burns; however, changes can also occur in pediatric
burns of varying degrees. Studies comparing different responses are mandatory for a better
understanding of the physiological response to burns.
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7. Conclusions
Pediatric burn injuries trigger profound metabolic and physiological responses that,

if not properly managed, can lead to long-term morbidity. Effective management of the
physiological stress response in pediatric burn patients necessitates a dedicated multidisci-
plinary approach that integrates medical, nutritional, surgical, and rehabilitative strategies.
Initiating early enteral nutrition is a cornerstone of burn care for children, as it helps to
counteract hypermetabolism and catabolic stress. Timely nutritional support preserves
muscle mass, promotes wound healing, and reduces the risk of complications, including
stress ulcers, infections, and organ dysfunction. An individualized nutritional plan that em-
phasizes the optimal intake of macronutrients (protein, fat, and carbohydrates) alongside
targeted supplementation of micronutrients and antioxidants is essential to achieving posi-
tive clinical outcomes. Advances in pharmacological interventions, such as beta-blockers,
anabolic agents, and hormonal treatment, offer promising pathways to improve recovery
and mitigate long-term complications. Early mobilization and physiotherapy are vital
in mitigating the adverse effects of prolonged immobility, such as muscle wasting, joint
contractures, and functional decline, and are strictly related to the advancement devices
and techniques that promote the use of less invasive procedures, regenerative medicine,
and reconstructive technique especially in small patients. While current strategies have
significantly improved the survival and outcomes of pediatric burn patients, ongoing
research is critical to refine these approaches. Large-scale clinical trials are needed to
evaluate the safety and efficacy of emerging therapies, such as beta-blockers and anabolic
agents, in diverse pediatric populations. Additionally, the early management of the de-
bridement phase must be tailored to pediatric patients, including enzymatic debridement
with bromelain-based products [93]. The use of new technologies to minimize pain and
anxiety during repeated procedures should also be considered [81]. Finally, the long-term
impact of nutritional and rehabilitative interventions on growth, development, and quality
of life remains an area of active investigation.
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