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Nutritional therapy for burns in children
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Abstract: Among children, burns are a serious injury and one of the main reasons of trauma, especially
during the first 5 years of life. For these patients, the nutritional support has been acknowledged as one of
the most significant aspect of the medical burns treatment in terms of mere nutrition, because of a marked
hypermetabolism immediately or early after burn and protection from infections. Resting energy expenditure
(REE) has a curvilinear increasing trend according to the total burned surface area (TBSA), and indirect
calorimetry is considered the most accurate method to evaluate the energy output of burned patients. Protein
need in burned children is generally agreed to be higher than recommended dietary allowance and intake
thereof should range around 1.5-3.0 g/kg/die. Carbohydrate intake should be 55-60% of total energy intake
(TEI), whereas lipids should be lower than 35% of TEI. As regards micronutrients intake, children suffering
from major burns should receive vitamin supplementation in the form of a multivitamin, in addition to
vitamin C, vitamin A and zinc sulfate to ensure adequate wound healing. Enteral nutrition is the first line
of nutritional support in the burned patient, and enteral feeding should be administered as soon as possible.

When enteral nutrition is contraindicated or not feasible, parenteral nutrition is used.
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Introduction 5 years of life. For these patients, the nutritional support has

been acknowledged as one of the most significant aspects of

Polytrauma (multi-trauma) is a short verbal equivalent . . iy
the medical burns treatment in terms of mere nutrition and

to describe (mainly) blunt trauma patients whose injuries . . .
( y) p ] protection from infections.

involve multiple body regions or cavities, compromise

the patients’ physiology and potentially cause dysfunction

of uninjured organs. These patients are at risk of higher Energy target

morbidity and mortality than the summation of expected In burned children, a sound increase in caloric requirement

morbidity and mortality of their individual injuries (1). is necessary, as much as in adults, because of a marked

Burns are the main example of polytrauma, as they affect hypermetabolism immediately or early after burn.

the skin, as well as the cardiovascular, respiratory and renal
systems. In polytrauma management a pivotal role is played
by nutritional support.

Among children, burns are a serious injury and one
of the main reasons of trauma, especially during the first
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Hypermetabolism can be caused by burn injuries, by
the release of catecholamines just after the injury, but
also by pain, anxiety, surgical procedures, and metabolic
requirements by tissues. Moreover, it can persist for up
2 years post burn.
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Table 1 Common formulas used to estimate calorie needs in burnt
children

Formula Calories per day

Curreri junior (year)

<1 Basal requirement + 15 kcal/% TBSA
1-3 Basal requirement + 25 kcal/% TBSA
4-15 Basal requirement + 40 kcal/% TBSA

Galveston (year)

<1 2,100 kcal/m*BSA +1,000 kcal/m’ TBSA
1-11 1,800 kcal/m? BSA +1,300 kcal/m? TBSA
=12 1,500 kcal/m® BSA +1,500 kcal/m* TBSA
WHO

Male (year)

0-3 (60.9x weight in kg) —54

3-10 (22.7x weight in kg) +495

10-18 (17.5x weight in kg) +651

Female (year)

0-3 (60.0x weight in kg) —51
3-10 (22.5x weight in kg) +499
10-18 (12.2x weight in kg) +746

Mayes (year)

<3 108+ (68x weight in kg) + (3.9x % TBSA)
3-10 818+ (37.4x weight in kg) + (9.3x %TBSA)
Schofield
Male (year)
3-10 (19.6x weight in kg) + (1.033x height in cm)
+414.9
10-18 (19.25x weight in kg) + (1.372x height in cm)
+515.5
Female (year)
3-10 (19.97x weight in kg) + (1.618x height in cm)
+371.2

10-18 (8.365x weight in kg) + (4.65x height in cm)

+200

TBSA, total burned surface area; BSA, body surface area.

Resting energy expenditure (REE) has a curvilinear
increasing trend according to the total burned surface
area (T'BSA). Hence, children with burns affecting <10%
of total body surface area have a percentage of REE very
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close to the normal, whereas children with burns affecting
more than 40% of TBSA have an increase in REE, which
becomes 1-1.5 times higher than standard by the first
2 weeks post burn.

Evidence shows that in sterile environments, at a
temperature of 30 °C, the metabolic rates of the patients
under consideration are around 150% REE, and they
decrease to 135% upon wound healing (2).

The loss of weight and the various metabolic
measurements lead to the development of the concept
of “hyper-nutrition” that causes a massive over-nutrition
of the patient, such as the uptake of 5,000 kcal/die,
that is considered normal according to the equation of
Curreri (3). The supply of too many calories has been,
nevertheless, often associated to an acceleration of
metabolism, hyperglycemia, liver failure and an increase
in the production of carbon dioxide (4-6). Most equations
and mathematic formulas, developed to estimate energy
requirements in burned patients, use, in fact, body weight,
age, sex and burned surface area as the key determinants of
the calories intake, and they do not consider the wide range
of variations along the timeline.

Over the last years, several studies have shown that the
increase in REE is more evident in the first weeks, and
gradually decreases thereafter. Moreover, the advancements
in treatment of burn injuries have reduced the amplitude
of hypermetabolic response, and thus the target of a more
moderate nutrition has been possible (7). For these reasons,
indirect calorimetry is considered the most accurate method
to evaluate the energy output of burned patients (8).

That technique allows to evaluate energy expenditure
by measuring any O, and CO, variation in respiratory
gases, and by calculating the oxidation of energy substrates
(carbohydrates, lipids, proteins). Measurements are
taken after meals, and results are rounded to the nearest
thousandth, without exceeding 10% of the measured value.
Moreover, as the metabolic rate varies in patients during
the recovery period, it is recommended to use indirect
calorimetry twice a week for a correct regulation of the
nutritional support. However, in case this method cannot
be applied, the formulas most frequently used to evaluate
the energy expenditure in burned children are reported in
Tuble 1 (9).

Nutritional support

Nutritional therapy is very important to offer favorable
conditions for the establishment of the therapeutic plan
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and to provide energy, fluids and nutrients in adequate
quantities so as to maintain vital functions and homeostasis.
Nutritional support also contributes to recovering
the activity of immune system, reducing the risks of
overfeeding, ensuring offers of protein and energy necessary
to minimize the protein catabolism and nitrogen loss (10).

In children with major burns, an adequate and efficient
nutritional therapy is necessary as soon as possible, in
order to limit losses and obtain a positivization of nitrogen
balance, to reduce translocation bacteremia from the colon
and to increase immune function.

As regards the nutritional intake of macronutrients,
protein needs of burned patients are increased because
of losses through urine and wounds, increased use in
gluconeogenesis, and wound healing. High-protein feedings
have shown successful in burned patients. Protein need
in burned children is generally agreed to be higher than
recommended dietary allowance (11). In burned children, a
diet with increased protein intake (23% of total calories) was
associated with improved immune function, less bacteremia
and increased survival. As burn size increases, progressively
more protein is required for positive nitrogen balance (12).
Protein requirements have been considered to be around
1.5-3.0 g/kg/die (7,12).

As essential fatty acid deficiency is a well-documented
complication in hospital patients receiving long-term
nutritional supplements, most intensive care units (ICUs)
provide a significant amount of caloric requirements as
fat. This has been shown to reduce the requirements
for carbohydrates and can improve significantly glucose
tolerance, which is often altered in the patient after
burn. For these reasons, diets containing 30% to 50% fat
have become commonplace in the therapy of critically
sick patients throughout the world. However, several
studies showed that increased fat administration may lead
to increased complications, including hyperlipidemia,
hypoxemia, hepatic steatosis, a higher incidence of infection
and a higher postoperative mortality rate in the burned
patient population (13).

Recent reviews and guidelines enable recommending
to deliver 55-60% of the total energy intake (TEI), as
carbohydrates without exceeding 5 mg/kg/min, whereas
lipid intake should be lower than 35% of TEI (7).

As regards the intake of micronutrients, vitamin needs are
increased for burned patients to stimulate wound healing.
Vitamin C is involved in collagen synthesis and immune
function and may be required in increased amounts for
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wound healing. Vitamin A is also an important nutrient for
immune function and epithelialization. Vitamin D is needed
for burned patients because burns cause an impairment
of vitamin D metabolism with resultant low 25-hydroxy
vitamin D levels and reduced bone formation in adults and
children but the exact requirements in burned subjects have
not been determined (11). Also zinc is required for many
metalloenzymes associated with wound healing and immune
function (12).

Children suffering from major burns should receive
vitamin supplementation in the form of a multivitamin, in
addition to vitamin C, vitamin A and zinc sulfate to ensure
adequate wound healing (14,15), as shown in Table 2.

Whether the nutritional therapy is adequate or otherwise
should be checked by monitoring body weight and nitrogen
balance.

Route and timing of administration

Nutritional therapy should be initiated early within 12 h of
injury and preferentially by the enteral route (7).

Very early enteral feeding, i.e., initiated within the
first 6-12 h after injury by the gastric route, is associated
with numerous clinical and biological advantages, such
as attenuation of the stress hormone levels and of the
hypermetabolic response (16), and it results in increased
immunoglobulin production (17), reduction of stress ulcers,
while reducing the risk of malnutrition and of energy
deficit (18,19). Other studies recommended that feedings
should be started soon after fluid resuscitation is complete
to avoid gastrointestinal dysfunction (11). Early enteral
feeding within 24 h from hospitalization has been shown
to decrease the hypercatabolic response, thus decreasing
the release of catecholamines, glucagon, and weight
loss, increase caloric intake, stimulate insulin secretion,
improve protein retention, and shorten hospital length of
stay (11). The reluctance of some clinicians to start
immediate enteral feeding is related to a fear that it will
result in more complications than delayed feeding. This has
been shown not to be warranted (20).

Tube feeding can be given through different types of
tubes which, depending on whether they are placed through
the nose into the stomach or bowel, are called nasogastric
or nasoenteral feeding tubes, respectively.

When enteral nutrition is contraindicated or is not
feasible, or when it cannot guarantee an adequate intake of
nutrients in early stages, because the patients have severe
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Table 2 Micronutrients in daily diet
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Micronutrients

Major burns >20%

Minor burns <20%

Children =3 years

Multivitamin complex 1 i/die 1 i/die
Vitamin C 500 mg/die -
Vitamin A 10,000 IU/die -
Zinc 220 mg/die -
Children <3 years
Multivitamin complex 1 i/die 1 i/die
Vitamin C 250 mg/die -
Vitamin A 5,000 IU/die -
Zinc 100 mg/die -

diarrhea or serious tube feeding intolerance or previous
gastrointestinal problems and cannot have sufficient enteral
calories, parenteral nutrition is used. This parenteral
nutrition should be by the central route because peripheral
support will not provide adequate calories to prevent
catabolism from the burns (11). Parental nutrition implies
an even stricter monitoring of glycemia and adherence
to the patient’s energy requirement to avoid overfeeding
(7,14). Central lines used for total parental nutrition
can develop serious infections, including catheter sepsis,
septic thrombophlebitis, and even endocarditis and risk
is increased if lines are left in place for long periods,
and if they are used for multiple purposes (blood draws,
hemodynamic monitoring, antibiotics maintenance fluids,
etc.) (12). Hence the use of parenteral nutrition should
be limited to only extreme cases.

Conclusions

To conclude, it is mandatory to perform an accurate
evaluation of the nutritional status of burned patients.
Patient’s energy requirement is to be assessed through
indirect calorimetry. An adequate amount of calories
must be provided to tackle patient hypermetabolism. It
is also necessary to increase the protein intake, as long as
a satisfactory healing of wounds is achieved. Nutrients
should be supplied preferably by early enteral feeding,
whereas parenteral nutrition is to be limited to the cases
where enteral feeding is contraindicated, or is not feasible,
or cannot guarantee an adequate supply of nutrients in the
early stages.
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