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Pediatric Burns
Skin is the largest organ of the body. The main function of the skin is to protect the internal organs from physical injuries or entry of disease-causing pathogens. Besides, the skin prevents the internal organs from losing water and drying up. Other functions of the skin include excretion through sweat glands and regulation of temperature using the tegumentary hairs (Kanitakis, 2002). For an optimum function of the skin, the skin requires being intact. However, several factors can lead to the breach of the skin integrity. Such factors include burns and wounds to the skin. Burns are the leading causes of household injuries to the skin.
Burn is defined as the injury to the integrity of the skin by thermal, chemicals, friction, radiation or electrical factors (Keck et al., 2009). Majority of the burns are caused by thermal heat from the fire, hot liquids or hot solids. 
Burns in the pediatric group is a major epidemiological challenge in the world. About a fourth of all the burns in the world occur in pediatrics under the age of 16 years. Of the burn injuries in children, the majority of them occur in children under the age of five years (Peck, 2011). The greatest number of pediatric burn patterns are infants and toddlers younger than 3 years of age due to burns by scalding liquids. The rate of burn injuries amongst pediatrics is almost similar between boys and girls (Peck, 2011).
The rate of burn injuries is more amongst the children who live in the low social economic status than in children from well of families (Delgado et al., 2002). People of low social economic status still rely on traditional sources of energy such as open firewood kitchens, cooking stoves, and open kerosene lamps. These sources of energy pre-dispose the children more to burn injuries. Besides, people from low social economic status make illegal raw electricity connections which also predispose children to burn injuries. Finally, people of low social economic status live in crowded places, limiting the playing space for children. Such children are confined to single rooms that are overcrowded, exposing them more to open fire injuries (Delgado et al., 2002.
Classification of Burns in Children
Burns in children can be categorized based on several factors. Such factors include the type of burns, the total body surface area burnt and the depth of burns. The cause of burns can also be used to categorize the type of burns. 
Classification of Pediatric Burns Based On the Depth of Burns
The burns are classified in five degrees based on the depth of burns. First degree burns involve the superficial epidermis layer of the skin. First degree burns are red in color. These burns lack blisters and pain only lasts for a period less than one week. Healing occurs in 5-10 days and heal without scar formation. Examples of first degree burns include scalding and sunburns (Monstrey et al., 2008). 
Second degree burns are burns that involve the epidermis and the dermis. Second degree burns are further sub-divided in superficial partial thickness and the deep second degree burns (Monstrey et al., 2008). Superficial second-degree burns involve the epidermis and the upper part of dermis up to the level of the papillary dermis. These burns are red in appearance and have clear blisters that blanch with the application of pressure. The burns are normally moist and are very painful. Healing takes 2-3 weeks but does not typically involve scarring. Deep thickness second degree burns involve both the epidermis, papillary dermis and the reticular dermis. The burns appear yellow or white in color. They have less blistering with minimal blanching. The burns are fairly dry. They are not painful but have a discomfort feeling and pressure. Healing takes 3-8 weeks and normally heal with scarring and contractures if not managed accordingly (Monstrey et al., 2008).
Third degree burns involve all layers of the skin and the underlying subcutaneous layer. The wound appears stiff and white-brown with no blanching. The burns are leathery and painless. Healing is normally prolonged and incomplete with scarring, contractures, and amputation being required at times (Monstrey et al., 2008). 
Four-degree burns extend through the entire skin into the underlying fat, muscles, and bones. The burns are normally black in appearance charred with eschar. The burn wounds are dry and painless. Healing requires excision of eschars and amputations with significant functional impairment and death in some cases (Monstrey et al., 2008).
Classification of Pediatric Burns by Type of Injury
Children suffer from two main types of burn injuries. The two main types of burn injuries are flame and scald injuries (Fukunishi et al., 2000).  57% of pediatric burns are flame burns while 32% are scald burns. Flame burns are more common in boys due to their risky behaviors and aggressive plays. On the other hand, scald burns are more common in young girls as they try to imitate their mothers.
 Flame burns in children under the age of five years are due to playing with matches, cigarette lighters, fires in fireplaces and trash fires. Flame burns amongst children of 5-10 years are due to increased risk play such as fire plays while flame burns in adolescent children from peer group activities involving things such as gasoline and other flammable substances such as fireworks (Fukunishi et al., 2000). 
Flame burns in children are normally accompanied by inhalational burns (Alpard et al., 2000). This is true especially if the flame burns are on the ventral aspect of the trunk and the body. Inhalational burns present a management scare as they lead to laryngeal spasm resulting in the challenge of ventilation. Besides, inhalational burns normally lead in underestimation of fluid loss during management resulting in dehydration and organ failure (Alpard et al., 2000).
Scald burns in children is a kitchen injury. They occur mainly from tipping scalding fluids. Scald injuries also occur from unsupervised hot water tap injuries. Scalding injuries cause more deaths and more hospitalizations than from other burns (Fukunishi et al., 2000). 
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The body surface area burnt is used to determine the extent of the injury. The classification is normally done in the percentage of the body surface area burnt. One percent of body surface area is equivalent to the palm of the hand. Other parts of the body are assigned different percentages with the head assigned 18%, trunk assigned 7% on the ventral aspect, the back 7%, upper limbs 7% each and lower limbs 14% each (Amirsheybani et al., 2001). 
The extent of the body surface area burn is directly proportional to the extent of the water lost from the body. As a result, classification by the extent of body surface area burnt is very important in the management of the burn injuries. This is more crucial for children who have a very large surface area to volume ratio. Such means that with even a small percentage of body surface area lost, the child has a potential of losing a lot of water as opposed to an adult with the same percentage of the body surface area burnt (Amirsheybani et al., 2001).
Child abuse
Burn injuries account for 10% of all cases of child abuse (Toon et al., 2011). This calls for a great suspicion for every child that presents to a health care provider whenever a child presents with burn injuries. A majority who present with burn injuries secondary to child abuse are below 2 years of age. There is no difference in the incidence of burnt child abuse between boys and girls. Children who should raise suspicion of child abuse include burns to the perineum, ankles, wrists, palms, and soles. Other factors that should raise suspicion include burns with clean lines of demarcation, the presence of older burn injuries, contradictory accounts of accidents and delays in seeking treatment (Jenny & Reece, 2001).
Criteria for Diagnosis
Diagnosis of burns in children is based on several factors. These factors include signs and symptoms of the presentation by the patient, history and physical examination, laboratory investigations and imaging.
Signs and Symptoms of Burns in Children
Properties of burns in children depend upon the depth of the burn injuries and the stage of healing. The properties are also dictated upon by the cause of the burn injuries and the part of body involved. For the superficial burns, the child complains or cries of pain. The burn injuries are also visible with the breach of the skin. For the electrical burns, the point of entry and the point of exit are visible. The burn wound may appear red, yellow, brown or dark depending on the depth of the burn. In deep burns, the child may not complain of pain but may report of discomfort of a feeling of pressure. Full thickness burns may be insensitive too light touch. For flame burns accompanied by inhalational burns, the child may present with shortness of breath, hoarseness of voice, wheezing or stridor. For burn injuries that are healing, the child may present with itchiness (Kanitakis, 2002).
History and Physical Examination
History aids in the diagnosis of burns by gathering an account of the burn accident. The history also points towards the cause of the burns. Besides, history brings out the factors that predisposed the child to burns such as child abuse, low social economic living and risky behaviors. Medical conditions such as epilepsy that pre-disposes children to burns are also captured in history taking. Finally, history informs the interventions already undertaken into the child since burning occurred.
Physical examination is used to assess the extent of burning. The healthcare provider should note the site of injury, the appearance of the burn injury, blistering and the texture of the wound. Besides, for the electricity burns, the points of entry and exit are noted. Finally, the body surface area burnt is determined at physical examination. In addition, the physical examination is used to assess for signs of dehydration and organ failure. Besides, the physical examination is used to assess for signs of malnutrition and wasting (Kanitakis, 2002).
Laboratory Examination
Several laboratory examinations are conducted in burnt injuries to help identify effects of the burns and assess organ injury. Besides, laboratory tests are conducted to assess for infection of the burnt surfaces. Such laboratory examinations include the following:
Complete Blood Count
Complete blood count, otherwise known as full hemogram is among the first laboratory tests on burnt children (Yang et al., 2002). Complete blood count assesses several parameters that can be deranged in burnt patients. Full hemogram assesses the white blood count and differentials to determine whether the burn wounds are infected. In case of infection, the white blood count and neutrophils are elevated. Secondly, complete blood count asses the red blood count and the hemoglobin level. Hemoglobin level, which indicates the capacity of the blood to transport oxygen is normally decreased in burnt patients. The reason for low hemoglobin level in burns is due to blood loss secondary to hemorrhage and myelosuppression due to use of silver sulfadiazine.
Kidney Function Test
Kidney function tests include the levels of urea, creatinine, and electrolytes. Kidney function tests are the first indicators of dehydration secondary to burn injuries with subsequent loss of water from the tissues. In dehydration, both the urea and creatinine levels are elevated (Palmieri et al., 2010).
Electrolytes tested should include the sodium, potassium, phosphate and calcium levels. The uric acid levels are also assessed. Burns cause breakdown of muscles, a process known as rhabdomyolysis resulting in the release of the nuclear content. This gives a scenario similar to tumor lysis syndrome. Rhabdomyolysis causes kidney failure resulting in derangement of the kidney function tests (Palmieri et al., 2010).
Liver Function Tests
Liver function tests include the hepatocellular and cholestasis enzymes. The iso-enzymes are normally deranged. Besides, the albumin levels and the total protein levels are normally decreased in burn patients due to malnutrition.
Imaging
Imaging in burn children includes ultra-sound for the abdomen to assess the liver, the kidneys and other organs of the abdomen. Imaging can also entail plain radiographs for the bones over the burnt surfaces.
Medical Management of Burns in Children and Their Nutritional Consequences
Pain Management
Strong analgesics such as opiates and non-steroidal anti-inflammatory drugs (NSAIDS) are administered to burn patients to decrease pain. However, NSAIDs are known to cause gastric ulcers. Besides, burns cause gastric ulcers as one of the complications through vagal stimulation. This additive effect of NSAIDs and burns to cause gastric ulcers call nutritionists to administer food that has high pH to help minimize adverse side effects. Besides, burn patients should be put on Proton pump inhibitors as prophylaxis to gastric ulcers.
Fluid Resuscitation
Fluid resuscitation is the mainstay of treatment in burnt children. Fluid resuscitation is necessary to replace the water lost through the burnt surface. The amount of water replaced is based on the percentage of body surface area burnt. The amount is calculated using different methods but the commonest method called Parkland formula is a product of the body surface area burn, the weight of the child and the constant, normally four.
The fluid used for rehydration is the lactated Ringers or normal saline. Besides, dextrose, D5 is also used especially when the random blood sugar is below 3mmol/L. The glycogen stores in children are easily depleted in burns as the body burns more energy to maintain basal body temperature and yield more energy. As a result, nutritionists are called upon to ensure intake of energy-rich feeds. Nutritionists should also monitor the random blood sugars routinely.
Antibiotics
Topical antibiotics and system antibiotics are normally administered in burnt children to prevent sepsis of the burn wounds. The main systemic antibiotics used are third generation antibiotics. The main topical antibiotics used are silver sulfadiazine, silver nitrate, and mafenide acetate. These topical antibiotics normally cause the decrease in hemoglobin levels due to myelosuppression. To boost the hemoglobin level, the burn patients require feeds rich in protein levels.
Physiotherapy
Burn children should be put on daily exercises and physiotherapy. These children are at an increased risk of developing contractures and joint stiffness. Besides, they are at the hypercoagulable state and can easily develop thromboembolic disorders. To minimize these complications, the burnt children should be on physiotherapy.
Dietary Mechanisms of Treatment Burns in Pediatrics
Nutritionists are an integral part of the multi-disciplinary team that manages burn injuries in children. Burns leads to increased metabolic demand and energy requirements. For burns, more than 40% of body surface area increases resting metabolic rate up to more than 200%. Protein hypercatabolism increases the protein demand to more than 2.0g/Kg/day to facilitate the process of healing (Prelack et al., 2007). Besides, other effects of burn include a decrease in albumin level and a decrease in the level of hemoglobin. In addition, the body uses so many calories to try to maintain the body metabolic temperature. The result of this is glycogen depletion especially in children who have low glycogen stores. Finally, the burns easily lead to depletion of micro-nutrients such as vitamin C and vitamin E, zinc and others in the process of healing. These metabolic changes require the input of nutritionists.
Nutritional management in burnt children has several goals. Such goals are to optimize wound healing and ensure recovery from the burn injuries. The nutritional management also seeks to minimize risks of complications such as infections in the course of treatment. In addition, nutritional management ensures to attain and maintain optimum nutritional status. Finally, nutritionist wants to minimize metabolic disturbance during the acute phase of burn injuries (Prelack et al., 2007). 
The objectives of nutritional management of children with burns include early commencement of enteral feeding; prevention of micro-nutrient deficiency; maintenance of weight within 10% of the body weight prior to the occurrence of burns and minimization of high levels of triglycerides and glucose (Prelack et al., 2007). To achieve these objectives, nutritional management should entail the following.
Early Commencement of Enteral Feeding
Early enteral feeding ensures the optimal outcome. The nutritionist should provide nutrition preferably via the enteral route with six to eighteen hours of burn injury. The enteral route is preferred to parenteral route as enteral route ensures improved nitrogen balance; improved visceral immunity through stimulation of type visceral immunoglobulin; minimizes hypermetabolic response and decreases mortality generally. A nasal-gastric tube should be instituted for feeding the children who cannot optimize enteral feeding due to burns to the face or the mouth (Peng, Yuan, & Xiao, 2001). 
High Protein Diet
Healing of burn wounds requires formation of new body cells. This requires a lot of amino acids. Besides, burns yield hypercatabolism of proteins. To supply the high demand for amino acids, burnt children require food rich in proteins. In addition, the body requires more amino acids for the formation of globulins in hemoglobin synthesis to raise the oxygen-carrying capacity. The goal of protein supplementation is to provide at least 20% of calories from protein diet. Adequate protein supplementation can also be assessed by frequently measuring the albumin levels and the levels of beta-transferrin (Prelack, Dylewski, & Sheridan 2007).
Energy Supplementation
Burn injuries result in high metabolism. The rate of energy demand is directly proportional to the size of the body surface area burnt. The glycogen stores of children are small and are easily depleted in burns. To replenish the glycogen stores, the child should be put on high energy feeds. Such feeds may include the therapeutic feeds such as F100 and feeds rich in carbohydrates (Prelack, Dylewski, & Sheridan 2007).
Micronutrient Supplementation
Burn injuries have the high demand for nutrients associated with immune function and the process of healing. Such nutrients include zinc and vitamins A, C, E and the B vitamins. These micro-nutrients need to be supplemented using therapeutic feeds or additives such as arginine and fish-oil (Prelack, Dylewski, & Sheridan 2007).
Prognosis of Burns in Pediatrics
The prognosis of burns in pediatrics is guarded. Prognosis is depended on factors such as the depth of the burns, region of the body involved and the management offered to the burnt child (Groohi et al., 2002). For the first degree burns, healing occurs in 5-10 days without scarring. In the second degree burns, healing can take as long as 8 weeks with scarring in the deep thickness second degree burns. In third and fourth degree burns, healing is associated with a lot of scarring and takes longer to heal. Besides, healing is accompanied by complications such as contractures especially if the burns spanned across joints and physiotherapy was not maximized. In the extreme cases, there is massive loss of organ function with great impairment.  Amputation of limbs is required in the very extreme cases of complications.
Complications of burns can be classified as acute or chronic complications (Morgan Bledsoe & Barker, 2000). Acute complications occur immediately after burning takes place. Such complications include pain, dehydration leading to organ failure, hemorrhage, and hemolysis. Other acute complications include sepsis and rhabdomyolysis (Morgan Bledsoe & Barker, 2000). Chronic complications occur due to poor management. Such complications include contractures, function impairments, loss of body parts by amputations, anemia and micro-nutrient deficiency.
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