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Abstract

Chronic skin wounds, particularly pressure injuries, pose significant challenges in pediatric patients, often resulting from immobility,

malnutrition, and other complex: health issues. Optimizing nutrition is crucial for promoting healing and maintaining skin integrity in

this vulnerable population. This review analyzes existing literature on the role of nutritional interventions in the management of chronic
skin wounds in pediatric patients. A systematic search was conducted using databases such as PubMed, CINAHL, and Embase,

Jocusing on studies published from 2018 to 2023. Key parameters included macro and micronutrient requirements, assessment tools,

and multidisciplinary approaches. The findings indicate that adequate nutritional support significantly enhances wound bealing in
pediatric patients with chronic skin wounds. Macronutrients, particularly protein, are essential for tissue repair, while micronutrients
such as zinc and vitamin C play critical roles in immune function and collagen synthesis. The review highlights the importance of
individualized nutritional assessments and the integration of registered dietitians in the care team to optimige nutritional strategies
tatlored to each child's needs.Implementing a structured nutritional management plan is vital for improving outcomes in pediatric patients
with chronic skin wounds. Continnous monitoring and adjustment of nutritional intake can enbance healing processes, reduce
complications, and improve overal] health. Future research should focus on standardized protocols for nutritional interventions and
[further excplore the impact of specific micronutrient supplementation in pediatric wound care.

Keywords: Chronic Skin Wounds, Pediatric Nutrition, Pressure Injuries, Nutritional Interventions, Multidisciplinary
Approach.

Introduction

The skin is the biggest organ system, primarily functioning as a barrier that safeguards the body from
outside microorganisms and harmful chemicals. Skin integrity and function need macro and micronutrients
for cellular turnover to sustain homeostasis, facilitate new growth, and enable healing, particularly after
damage or compromised integrity. Immobility, sickness, or injury, along with the potential for inadequate
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nutrient intake, jeopardizes skin integrity, especially in hospitalized newborns and children, a demographic
that poses distinct problems for nutritional treatment and optimum skin care. Nutrition treatment must not
only meet the metabolic requirements of the present sickness, illness, or injury but also rectify any pre-
existing malnutrition, mitigate any decline in nutritional status, and support growth milestones (1,2).

A prevalent breakdown of the epidermal barrier in children inpatients is the development of a pressure
injury (PI). Pressure injuries (PI), characterized by localized damage to the skin or undetlying tissue solely
attributable to pressure or an array of pressure as well as skin shear, have an incidence in children estimated
to vary from 10% to 27%, quantified as the number of PIs per 1,000 patient days (1-3). The prevalence of
primary immunodeficiency (number of afflicted patients divided by the entire patient population at a certain
period) in children is estimated to be as high as 43 percent (1). The frequency and incidence of pressure
injuries (PI) in hospitalized patients are determined by their occurrence per patient days or per device days
for medical device-related pressure injuries (MDRPI). In a trio of prevalence studies concerning hospital-
acquired skin injury (HASI), Stellar et al. (2013) identify pressure injuries (PI) as the predominant kind of
skin damage in pediatric patients (4). The causes of these injuries are immobility, multi-drug-resistant
pressure injuries (MDRPI), diaper dermatitis, and epidermal stripping. Current research indicates that 1.4%
of all newborns and children have a pressure injury during hospitalization (1,5).

Skin compromise may be classified into two primary categories: intrinsic factors and extrinsic triggers, both
of which may lead to a pressure injury (PI). Intrinsic variables may include the undetlying disease entity,
such as autoimmune and genetic disorders, immunocompromised state, diseases necessitating surgical
intervention, moisture-associated skin disturbance, and skin disintegration related to pharmacological or
treatments. Extrinsic variables that lead to skin compromise include immobility, device-related damage,
extravasation injuries, and medical adhesive-related skin injury (MARSI), sometimes referred to as
epidermal stripping,

Skin compromise is an intrinsic risk of adverse events for children in the Pediatric Intensive Care Unit
(PICU), where immobility, disease, and injury are prevalent, and adequate nutritional treatment often poses
challenges. Point prevalence survey studies indicate that the incidence of pressure injuries (PI) in the
pediatric intensive care unit (PICU) population ranges from 9% to 28% (6-8) and may reach up to 23% in
newborns (9). Managing skin integrity in hospitalized pediatric patients requires a deliberate emphasis and
collaborative multidisciplinary approach. Although appropriate nutrition therapy including macronutrients
is crucial for wound healing and skin integrity preservation, the significance of micronutrient
supplementation in the prevention and treatment of pressure injuries is less well established.

Recently released worldwide clinical practice recommendations have revealed inadequate nutritional status
as a considerable risk factor for pressure injuries in adults (10). Although these rules do not explicitly pertain
to babies and children, the authors deduce analogous assumptions for pediatric patients. There is a scarcity
of knowledge about the role of micronutrients in the prevention of PI, as well as few guidelines on
micronutrient supplementation treatment for the management of PI in hospitalized pediatric patients. This
paper intends to review the existing literature on pressure injuries (PI) in critically ill children, identify
optimal assessment tools for recognizing PICU patients at risk for PI, outline macro and micronutrient
requirements for children in the PICU, and discuss a multidisciplinary strategy for the prevention,
identification, and management of PI in critically ill pediatric patients.

1. Methods

We conducted a comprehensive study to delineate the significance of nutritional status and treatment
in relation to protein insufficiency in hospitalized or seriously sick pediatric patients (11). A scoping study
was conducted due to the scarcity of available research on this subject. The PubMed, Embase, and
CINAHL archives were queried using keywords and index phrases pertaining to components and nutrients
relevant to nutrition.
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Macronutrients and Micronutrients in the Setting of Pediatric Critical Illness

Estimated energy requirements should include the hypermetabolic condition of the hospitalized individual
and the requirement for anabolic cellular regeneration to repair damaged tissue (12). Sufficient energy
provision is essential to maintain a positive energy balance, facilitating protein usage for collagen as well as
nitrogen synthesis instead of its catabolism for energy. When the body is deficient in carbohydrates and
fats, the kidneys and liver resort to using protein from muscle breakdown to convert lean muscle mass into
glucose (13). Consequently, there is a diminished availability of protein to facilitate the anabolic phase of
wound healing. No published research currently specifies energy needs for pressure injury healing in
critically unwell children; however, increased energy and protein intake has shown benefits for wound
healing in adults (10,14,15).

Pre-existing malnutrition, including obesity, must be considered when assessing overall energy
requirements. Protein-energy deficiency increases the risk of developing pressure injuries and hinders
wound healing. Malnourished youngsters require a greater total calorie intake than the recommended levels
for well-nourished children. A comprehensive nutritional evaluation by a registered dietitian (RD) is
essential for assessing energy and protein requirements to facilitate catch-up development and wound
healing (16). Ensuring prompt and adequate energy supply to children with PI is crucial; nevertheless, fast
escalations in energy provision must be balanced against the potential dangers of electrolyte imbalances
associated with refeeding syndrome (17).

Protein is essential for maintaining epidermal integrity, facilitating cell development and proliferation, and
regulating fluid and electrolyte balance (18). The presence of a stage 1-3 pressure injury and/or deep tissue
damage is believed to elevate protein requirements above the US. standard. Recommended Dietary
Allowance (RDA) (10,19). Moreover, those with the most severe pressure injuries (stage 4) need the highest
protein intake for recovery (20). Critically sick children generally have elevated protein requirements relative
to healthy peers, and the existence of a protein insufficiency might further augment these demands. The
pediatric critical care nutrition recommendations established by the American Society for Parenteral and
Enteral Nutrition (ASPEN) and the Society of Critical Care Medicine (SCCM) do not endorse the use of
the Recommended Dietary Allowance (RDA) for protein, since it often underrepresents the requirements
of critically ill pediatric patients (21). When augmenting protein supply, it is essential to consider
comorbidities that impact protein metabolism and use, such as acute renal damage and other organ
dysfunctions.

Proper fat intake is essential to avoid vitamin deficits that may compromise skin integrity. Fat serves as the
most concentrated energy source and may be retained as triglycerides in adipose tissue for future use. Proper
provision of important fatty acids is crucial to avert micronutrient deficits that may compromise skin
integrity (22). Indicators of essential fatty acid insufficiency involve xerosis, seborrheic dermatitis, and
impaired wound healing (22-24). Dietary fat is essential for the absorption of fat-soluble vitamins K, D, E,
and A. Fat should be at least 10—25% of total calorie consumption and must comprise important fatty
acids, such as linolenic and linoleic acid, to prevent malnutrition.

Dehydration hinders oxygen transport to injured tissue. Stage 1-2 pressure ulcers often do not need
increased fluid intake beyond maintenance levels. In adults, fluid requirements are elevated owing to
heightened insensible losses from wound drainage (10). When using a wound drainage device, it is essential
to account for losses from drainage output in the evaluation of fluid status. Managing the fluid requirements
of critically sick children is crucial since these demands might significantly vary across individuals depending
on their clinical condition. Preventing exacerbation of fluid ovetload is crucial since patients often need
substantial volume resuscitation early in their ICU treatment, which might influence clinical outcomes (25).

Zinc is a crucial mineral that is vital to wound healing, cellular division, immunological response, and the
production of DNA and RNA. The causality of zinc insufficiency may be diverse. Corbo et al. (20)
established an etiological categorization scheme with five major categories: type I low intake, type 11 high
losses, type 1II malabsorption, type 1V increasing demand, and type V other (26). Zinc deficiency may
present in several forms due to its diverse roles in the body's organ systems. Indicators of zinc deficiency
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include stunting, changed taste and olfaction, decreased wound healing, and hypogonadism. The distinct
cutaneous manifestations of zinc insufficiency include skin lesions (often crusted plaques in the perianal
and perioral regions), baldness, and diarrhea (27). Zinc levels, when analyzed with a skin evaluation and
medical history, assist in verifying a zinc deficit. Nonetheless, zinc concentrations may seem inaccurately
low during periods of acute stress and inflammation (26). Consequently, clinical state must be taken into
account when evaluating zinc levels, particularly in critical illness, and considerable wound drainage or
gastrointestinal losses that may exacerbate zinc depletion should be closely monitored. Upon identification
of zinc insufficiency, zinc supplementation should be started. Clinical remission often begins within days
after the commencement of therapy (28). Prolonged oral zinc supplementation is inadvisable due to zinc's
competition with copper absorption. This adversely affects copper levels, which might hinder wound
healing as copper is an essential cofactor in collagen cross-linking (29). Zinc poisoning is uncommon;
nonetheless, high consumption may lead to gastrointestinal discomfort (30).

Zinc has a crucial role in the process of wound healing. Research on adults indicates that zinc
supplementation enhances wound healing only in those with inadequate levels. Pediatric studies are
deficient. Consequently, regular zinc supplementation is not advised until a deficit is detected. The
applicability of adult studies to the pediatric population regarding zinc supplementation in wound healing,
especially in pressure injuries in children, remains ambiguous, necessitating more study for clarification
(31,32).

Vitamin C is a water-soluble vitamin that serves as an antioxidant and a cofactor for several enzymes. It is
essential for fatty acid transport, collagen synthesis, neurotransmitter production, prostaglandin
metabolism, and nitric oxide (NO) synthesis (33). Risk factors for deficit in pediatric patients include
developmental delay and autism (attributable to selective or restricted diets), iron excess, episodes of
oxidative stress, and chemotherapy. Indicators of deficiency include inadequate wound healing,
musculoskeletal and joint discomfort, tiredness, weakness, anorexia, edema, depression, neuropathy, and
vasomotor instability. Scurvy is a result of vitamin C insufficiency and may emerge as perifollicular
hemorrhage, petechiae, coiled hair, gingivitis, ecchymosis, mucosal bleeding, and anemia (33). Deficiency
resulting from inadequate intake may manifest within three months; however, in severely unwell children,
it may arise more rapidly owing to oxidative stress (34). No established therapy dosages for vitamin C are
available for pediatric patients with wounds or pressure injuries. Vitamin C toxicity is uncommon;
nonetheless, gastrointestinal disturbances and oxalate stones have been seen in people with renal disease

(35).

Vitamin A is a lipophilic vitamin and a powerful antioxidant. Vitamin A is essential for several physiological
activities, including bone health, gene transcription, cell and tissue development, mucous membrane
integrity, collagen production, and immunological function (36). Vitamin A deficiency may lead to
compromised skin integrity and hindered wound healing, increasing the risk of wound infections. No
suggested dosage of Vitamin A for wound healing in pediatric patients exists. Vitamin A must be
administered judiciously in patients with hepatic and/or renal dysfunction. Acute toxicity in humans with
a single dose above 150,000 mcg has been shown to induce nausea, vomiting, headache, vertigo, impaired
vision, and elevated intracranial pressure (37). Moreover, in babies, a bulging fontanel has been seen in cases
of acute and chronic poisoning (38,39). Prolonged supplementation over 30,000 mcg in adults may result
in chronic toxicity, manifesting as irritability, anorexia, skin desquamation, and biochemical liver
abnormalities, including increased enzymes, fibrosis, and cirrhosis. Further atypical symptoms associated
with vitamin A toxicity in newborns include hypercalcemia, hyperphosphatemia, and metastatic
calcifications, which may atise with prolonged intakes of 5,500-6,750 mcg/d or above over a duration of
1-3 months (38). Consequently, prolonged supplementation of Vitamin A is generally not advised and must
be constantly monitored via blood levels.

Iron is a mineral that is crucial for skin health, mucous membrane integrity, hair, and nails. Iron, in
conjunction with vitamin C, is essential for collagen formation and is vital for the generation of red blood
cells. Clinically, iron deficiency may manifest as pallor, angular cheilitis, koilonychia (spoon-shaped nails),
frail nails, pruritus, and brittle hair. Pediatric patients aged 6 to 20 months are susceptible to iron deficiency
anemia during the shift from iron-fortified formula to cow's milk. Furthermore, females have a heightened
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risk of iron insufficiency due to iron losses associated with menstruation. An iron profile is often used to
identify iron insufficiency. It is important to recognize that ferritin, part of the iron profile, functions as an

acute phase reactant and is not a dependable indicator in critically sick patients.

Concerning skin structure and integrity, anemia caused by iron deficiency may adversely affect wound
strength; however, this is not reliably shown in existing human investigations (40-42). Until now, these
investigations have not established the impact of iron deficiency anemia on the phases of wound healing,
and there is even less evidence about the interaction between iron and PI. No existing recommendations
specify the optimal iron dose for wound repair in kids. Nevertheless, if an iron shortage exists, an iron-rich
diet and/or iron supplements are necessatry. To improve absorption, iron ought to be ingested orally with
meals high in vitamin C.

Arginine is classified as a conditionally necessary amino acid, indicating that during periods of severe
tension or trauma, the body cannot synthesize sufficient quantities of arginine to meet physiological
requirements (43). Arginine is involved in collagen formation and has immune-modulating capabilities, both
of which may facilitate wound healing. Research on adults examining oral nutrition supplements (ONS)
fortified with arginine, zinc, as well as antioxidants has shown a beneficial enhancement in the healing rate
(44,45). Supplementation with isolated arginine is not a conventional therapeutic practice, especially due to
concerns over its propensity to induce excessive nitric oxide (NO) generation in critically sick patients,
which may lead to adverse effects (46).

Proposed Nutritional Management for Children with Protein Intolerances

At now, there are no established practices or clinical standards for optimal nutritional management in
pediatric patients with different stages of Pls. Furthermore, there are no established dietary risk evaluation
screening techniques for critically unwell pediatric patients. Thompson et al. discuss nutritional strategies
to enhance juvenile wound repair; yet they do not particularly focus on pressure injuries in critically unwell
children (47). Thompson et al. (47) devised a clinical approach to enhance nutritional treatment for children
with wounds. The authors included non-healing surgical cuts, dehisced surgical locations, pressure injuries
graded 2—4, wounds necessitating vacuum-assisted closure components, and skin breakdown resulting from
infections and nutritional inadequacies (47). The authors observed a heightened recognition of
micronutrient deficits, particularly vitamin C and zinc, with enhanced monitoring of patients' nutritional
status at their institution subsequent to the introduction of the clinical approach (47). The pipeline
facilitated a uniform methodology across practitioners for administering nutritional treatment to patients
with the aforementioned wounds.

The onset of adverse effects on skin integrity due to insufficient dietary intake remains ambiguous.
Nevertheless, insufficient consumption of both macronutrients and micronutrients is associated with
compromised wound healing (10). The heightened nutritional demands of juvenile patients, necessary for
age-appropriate development, may be exacerbated by the presence of pressure injuries (PIs), necessitating
adjustments in nutritional treatment to fulfill both fundamental metabolic needs and promote effective
wound healing. This is especially difficult in hospitalized or severely sick children, who may have other
clinical treatment objectives that may conflict with nutritional therapy.

The Role of the Nurse in Clinical Settings

Systematic and comprehensive skin evaluations start with the patient's nurse, are disseminated throughout
all clinical team members, and are essential for the prevention and treatment of pressure injuries in pediatric
patients (48-52). The prevention of pressure injuries (Pls) starts with a comprehensive evaluation of an
individual and their skin health at admission, followed by regular assessments at specified intervals to detect
injuries and propetly assess the risk for acquiring a hospital-acquired PI (53). These examinations include
comprehensive physical assessments, medical record reviews, and the identification and categorization of
risk (53). Risk assessments are conducted with a frequency determined by unit requirements, patient history,
acuity, mobility, and other factors related to the patient's state that may render them susceptible to a pressure
injury (53). In the presence of concerns about skin integrity, a Skin Champion, a highly trained clinical
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nurse, is called to assess the severity of the damage. The evaluation encompasses regions where a medical
gadget maintains continuous touch with the skin. The objective of these evaluations is to determine areas

that pose concerns for the growth of PL

Upon identification of a wound or substantial skin damage, an authorized wound, ostomy, and continence
nursing (CWOCN) expert integrates into the clinical team for a comprehensive examination and staging of
the skin injury. The CWOCN expert subsequently provides further suggestions for wound care to the
clinical team. This multidisciplinary approach, in conjunction with the medical care team, guarantees the
involvement of the whole team, all dedicated to prioritizing the patient and/or family in care delivery

(54,55).

Hospitalized babies and children are susceptible to pressure injuries and may exhibit both inherent and
extrinsic variables that contribute to the development of wounds and skin integrity issues. Children with
autoimmune and genetic dermatological disorders, immunodeficient conditions, necessitating surgical
procedures, or receiving therapeutic interventions with a risk of skin deterioration possess inherent factors
that elevate the risk for pressure injuries (PI). Extrinsic variables augment intrinsic factors, increasing the
chance of skin injury or pressure injuries in an already physiologically impaired infant, hence complicating
their treatment.

The nutritional state at the time of admission is considered to significantly influence hospitalized and
critically sick pediatric patients and their risk for pressure injuries (56,57). Patients admitted with protein-
energy deficiency have a considerable risk of delayed wound healing. Healing necessitates an appropriate
nutritional condition, as wounds induce a catabolic state that markedly elevates nutritional requirements
(15). When the body encounters the additional challenge of wound healing during starvation, it commences
the degradation of its lean muscle mass for protein, thereby delaying the healing process (58,59). Nutrient
deficiencies elevate the likelihood of developing a PI; hence, a dietary plan including essential supplements
for at-risk patients should be implemented under the guidance of a registered dietitian (60,61).

The RD has distinct qualifications that enable them to be a vital component of the healthcare team. The
proficiency of a registered dietitian to do a nutritional evaluation during the first 48 hours of PICU
admission might facilitate the identification of nutritional deficiencies, inadequate nutritional status, and
patients at heightened risk for pressure injuries early in their hospitalization (61). Nutrition evaluation
involves identifying the patient's requitements and objectives for macronutrient and micronutrient
supplements tailored to wound healing, Subsequent evaluations should be conducted weekly after admission
to reassess the patient throughout their PICU stay (61). After a comprehensive evaluation, the RD may
provide a suitable oral, enteral, patenteral, or combination regimen to achieve the patent's specified
nutritional objectives.

The registered dietitian collaborates with the family, integrating home food preferences when suitable, to
ensure the patient and family remain engaged and prioritized while formulating a nutrition therapy plan
tailored to the patient's clinical condition and the method of nutritional delivery (10). The RD will
collaborate with the clinical team to integrate any disruptions in nutrition delivery, therefore formulating a
dependable and feasible feeding plan for implementation in both the hospital and home environments.
Dietary modification is guided by the Registered Dietitian to address food allergies, cultural eating habits,
dietary habits including vegetarianism, and medical conditions like diabetes, obesity, or kidney disease that
necessitate a particular nutritional regimen to enhance established guidelines essential for wound healing.
Furthermore, the clinical registered dietitian has expertise on the accessibility of commercially available
protein as well as calorie modular supplements, or the capacity to formulate them using domestic items
according to patient and family preferences. The RD may evaluate test results on vitamins and minerals and
suggest supplementation and monitoring as necessary to improve wound healing (13,18).

If the oral route fails to satisfy the patient's elevated calotrie and protein requirements as specified by the
RD, additional tube feedings may be advised. This may be administered using an enteral tube of nutrition.
The healthcare team may counsel the patient's family to explore semi-permanent enteral availability,
including a percutaneous gastrostomy (PEG) tube, to provide sufficient nutritional intake if oral
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consumption cannot be sustained to meet nutritional requirements and preserve skin integrity. The
emergence of many or persistent pressure injuries heightens the risk of infection, arthritis, and
osteomyelitis, potentially resulting in sepsis and mortality. Registered Dietitians offer the expertise to apply
new study findings to clinical practice (20,22).

Conclusions

A significant deficiency exists in understanding and research about the impact of nutrition treatment on
pressure injury recovery in pediatric patients. Hospitalized children, particularly those who are seriously
unwell, have a heightened risk of pressure injury development. Inadequate nutritional status may hinder
and postpone wound healing; thus, it is essential to monitor both macronutrient and micronutrient
consumption. The nutritional status is crucial for wound repair, and children possess distinct requirements
due to their heightened metabolic demands relative to adults. The recommended first suggestions for
evaluating children with PI aim to provide sufficient nutritional treatment to enhance wound healing.
Further study is essential to elucidate the impact of nutrition treatment and supplements in the prevention
and healing of PI among hospitalized children.
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