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Significance: Nutrition has been recognized as a critical component of acute
burn care and ultimate wound healing. Debate remains over the appropriate
timing of enteral nutrition and the benefit of supplemental trace elements,
antioxidants, and immunonutrition for critically ill burn patients. Pharma-
cotherapy to blunt the metabolic response to burn injury plays a critical role in
effective nutritional support.

Recent Advances: Further evidence is demonstrating long-term benefits from
pharmacologic immunomodulation given the prolonged metabolic response to
injury that may last for over a year following the initial insult.

Critical Issues: The majority of evidence regarding early enteral feeding comes
from mixed populations and smaller studies. However, on balance, available
evidence favors early feeding. Data regarding immunonutrition does not
support the routine use of these products. Limited data regarding use of an-
tioxidants and trace elements support their use.

Future Directions: Further evaluation of anti-inflammatory mediators of the
immune response, such as statins, will likely play a role in the future. Further
data are needed on the dosing and route of micronutrients as well as the utility
of immunonutrition. Finally, little is known about nutrition in the obese burn
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patient making this an important area for investigation.

SCOPE AND SIGNIFICANCE

BURN INJURY CONTINUES TO BE a
significant cause of morbidity and
mortality. In 2011, there were 45,000
hospitalizations for burn injury and
3,500 deaths.! As resuscitation, sur-
gical therapy, and critical care for
burn patients have improved, the
survival from burn injury has im-
proved. According to data from the
National Burn Repository, the sur-
vival rate for 2011 was 96.1%." De-
spite this, major burns remain a
devastating injury that can affect all
organ systems. Additionally, all of
these patients require careful wound
management. Nutritional support
has become an essential element of
burn care. This review will cover the
use of nutrition in burns, particu-
larly the use of early enteral nutri-
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tion in the management of these
patients.

CLINICAL RELEVANCE

Burn patients with >20% body
surface area injury suffer a long and
severe response to injury, including a
hyperdynamic and hypermetabolic
response with lipolysis, proteolysis,
glycolysis, and fever. This catabolic
state ultimately results in a profound
reduction of lean body mass. Poor
wound healing, immune dysfunction,
multiorgan failure, and even death
can ensue. Elements of a hypermet-
abolic state may persist for years
following injury.? Whereas the pri-
mary intervention that blunts the
catabolic state and promotes anabo-
lism is wound closure by early exci-
sion and grafting, systemic support
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with optimal nutrition, and pharmacologic modu-
lation of the metabolic response are also necessary.
Starting enteral nutrition early (<24 h after inju-
ry) is thought to blunt the metabolic response to
burn injury and lead to improved outcomes.® Ent-
eral nutrition may be oral; however, many burn
patients will require an oral or nasoenteric feeding
tube placement. Published practice guidelines
currently exist, but vary in their recommendations
regarding early enteral nutrition.*”’

TRANSLATIONAL RELEVANCE

Experimental evidence has demonstrated that
enteral nutrition influences the physiologic re-
sponse to injury. Animal models using guinea pigs
demonstrate that early enteral nutrition signifi-
cantly reduces the hypermetabolic response to
injury.®? Rat models show that enteral nutrition
can decrease the levels of proinflammatory cyto-
kines, such as tumor necrosis factor alpha (TNF «),
when compared with parenteral routes.'® Bacterial
translocation and loss of gut mucosal integrity has
also been shown in the host response to burn
injury.'»'2 The resulting intestinal injury may in-
fluence systemic injury and multiorgan failure.®
Enteral nutrition helps to maintain gut mucosa
viability and decrease bacterial translocation.'*
Introduction of nutrients to enhance the immune
response shows promise in blunting the inflam-
matory response and improving the intestinal im-
mune response.'>® Finally, even in the acute
phase of the injury, the bowel tolerates enteral
feeding despite slower transit times.'®

EXPERIMENTAL MODEL OR MATERIAL:
ADVANTAGES AND LIMITATIONS

The gold standard for evidence in clinical prac-
tice remains a well-conducted, blind, randomized
controlled trial. Whereas several prospective ran-
domized studies evaluate the use of early enteral
nutrition in burns, they are not blinded, do not
have transparent randomization, or have mixed
populations of adults and children.?° These studies
also demonstrate mixed results. Peng et al. showed
decreased intestinal permeability with early feed-
ing in 22 patients randomized to enteral nutrition
within 24h compared with those started after
48h.' Gottschlich et al. randomized 77 acutely
burned children to enteral nutrition within 24 h or
standard care where enteral nutrition was held for
at least 48h. They showed that early enteral nu-
trition prevented calorie deficits after burn injury
and decreased protein breakdown, but did not im-
prove infection, mortality, or morbidity.?* However,

they did see a trend of more adverse events, in-
cluding bowel necrosis in the early feeding group,
although it was not statistically significant.?* Peck
et al. prospectively looked at 27 patients with se-
vere burn injury randomized to receive early
(within 24 h) enteral nutrition or late (7 days) en-
teral nutrition and showed no difference in energy
expenditure.?? Results showed 28% mortality in
the early feeding group compared to 38% in the late
group, but this was not statistically significant.??

In a larger randomized study, Khorasani and
Mansouri randomized 688 children with burn in-
jury to either early (within 3-6h) or late (>48h)
enteral nutrition. They demonstrated decreased
mortality, 8.5% in the early group versus 12% in
the late group (p<0.05) and decreased hospital
stay in the early nutrition group.??

DISCUSSION OF FINDINGS
AND RELEVANT LITERATURE
Route of administration

Enteral feeding is preferred over parenteral
nutrition. There is direct evidence in the burn
population from randomized studies that show
decreased infection, decreased cost, and decreased
length of stay with enteral nutrition.”?*?° Patients
who do not tolerate enteral feeds, however, may
have no option but parenteral nutrition. If previ-
ously healthy patients are not tolerating adequate
enteral feeding by day 7 in spite of aggressive at-
tempts to maximize GI motility, supplemental
parenteral nutrition should be considered.*”
Timing

While there are no definitive trials that indi-
cate clear superiority of early nutrition, clinical
practice guidelines recommend starting enteral
nutrition in critically ill patients within 24h in
burns and 24-48h in mixed intensive care unit
(ICU) populations.*” Barriers to implementation
include provider preferences, concerns over risk,
logistic issues, and injuries that may prevent tol-
erating enteral support. A retrospective review by
Holt et al. showed a median time to feeding tube
placement of 31.1h postadmission and a median
time to beginning enteral nutrition of 47.9h.26 A
larger study by Mosier et al. of 153 ventilated pa-
tients compared 123 patients with enteral nutri-
tion at <24 h to 30 patients who received enteral
nutrition after 24h.2” They found no increase in
complications, a lower infection rate, and a lower
length of ICU stay in the early nutrition group.

These two studies highlight both the logistic
difficulty of starting early enteral feeding as well as
the potentially low risk, especially when taken
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with the overall trend of the randomized data. For
early nutrition to be successful, practice guidelines
may need to be actively instituted and dissemi-
nated to change practice.?®

Interruption of enteral nutrition can also occur
as a result of multiple operations to close wounds.
There is evidence from a cohort study of 80 burn
patients that intubated patients can safely re-
ceive tube feeds throughout an operation. Patients
who did receive nutrition in the operating room had
a lower caloric deficit and fewer infections.?®
Eliminating the practice of stopping enteral feeds
in the perioperative and intraoperative periods
can significantly increase the amount of nutrition
delivered.

Nutritional requirements

Critical to starting and maintaining early
enteral nutrition is an assessment of patient nu-
tritional need. Over 200 published equations esti-
mate the caloric need, although they are less
accurate than indirect calorimetry, particularly in
the obese.” Indirect calorimetry is the preferred
method of measuring caloric need, although some
have questioned its ability to measure over or un-
derfeeding in the pediatric population.®®! Calori-
metry is not always feasible, particularly in the
acute setting. Given the anticipated metabolic re-
sponses to injury, initial enteral feeding at 1.2-1.4
times resting energy expenditure in kcal/m? per
day provides adequate nutrients.??

The macronutrients in the formulation of burn
nutrition include carbohydrates, proteins, and lip-
ids. Some research suggests that given the inhibi-
tion of lipolysis in the acute response to injury,
lipids should be limited as a source of calories.??
Comparison of high carbohydrate, high protein,
low fat enteral feeds with low carbohydrate, high
protein, high fat formulas in a systematic way
showed no clear benefit to either formula, although
the risk of pneumonia appeared lower with the
high carbohydrate formula.?? Protein appears to be
an essential macronutrient for wound healing, and
protein requirements in burn patients may be 50%
higher than in healthy individuals. Protein deliv-
ery should be 1.5-2 g/kg body weight daily.3%34

Careful evaluation of nutritional formula and
ongoing measurements of caloric need is essential
to prevent both overfeeding and underfeeding.
Whereas overfeeding is more common with paren-
teral nutrition, it can occur with the enteral route
as well, particularly if parenteral nutrition is
used as a supplement. Excess carbohydrate intake
leads to fat synthesis, increased COy production,
hepatic steatosis, and difficulty weaning from the

ventilator.®*® Administration of excess protein
has been associated with renal failure, sepsis, and
death.3%36

Assessment of response to nutritional supple-
mentation can be difficult to assess in the ICU
setting. Anthropometrics as well as traditional se-
rum proteins, such as albumin, prealbumin, and
retinol binding protein, may be unreliable in the
critical care setting.” Still, measurement of weekly
prealbumin levels provides insight into the cata-
bolic or anabolic state of the patient in the presence
of concomitantly measured, stable acute-phase
reactants.?”38

Micronutrients and immunonutrition

Critical illness and injury result in increased
oxidative stress and release of reactive oxygen
species (ROS). These molecules have been associ-
ated with multiorgan failure (MOF) and acute re-
spiratory distress syndrome. ROS may produce
tissue injury through oxidation of enzymes and
structural proteins, peroxidation of cell plasma
membranes, and induction of apoptosis.’® Even
in previously healthy individuals, the oxidative
stress of critical illness depletes body stores of
antioxidants.*’

Whereas data in burn patients is lacking, ran-
domized data from the trauma population demon-
strate clinical benefit from supplementation with
the antioxidants o-tocopherol (vitamin E) and
ascorbic acid (vitamin C). Nathens et al. studied
591 patients (91% trauma) randomized to supple-
mentation with enteral o-tocopherol 1,000 IU every
8h and 1,000mg IV ascorbic acid every 8h com-
pared to placebo for the duration of ICU stay or 28
days. They found decreased pulmonary morbidity,
MOF, length of mechanical ventilation, and ICU
stay in the antioxidant group.?® Another random-
ized trial in a mixed ICU population comparing
lower doses of enteral vitamin E and vitamin C for
10 days compared with placebo demonstrated a
significantly reduced 28-day mortality in the anti-
oxidant group (45.7%) compared with placebo
(67.5%, p<0.05.)

Further data are needed to determine the pre-
cise amount of antioxidants and preferred route.
Supplementation of nutritional intake with vita-
mins E and C appears to benefit the critically ill.
Given the more severe inflammatory and metabolic
derangements produced by burn injury, it seems
reasonable to generalize these findings to the burn
population.®?

An overlapping pathway for the processing of
ROS is enzymatic detoxification. Enzymes, such as
superoxide dismutase, catalase, and glutathione
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peroxidase work to defend the body against ROS,
but require cofactors, such as zine, selenium,
manganese, and iron to function.*! Berger et al.
randomized 20 patients with >30% total body
surface area burn injuries to either placebo, or
supplementation with increased amounts of sele-
nium, zinc, and copper. Patients were supple-
mented parenterally for 8 days starting at
admission. Patients who received the trace ele-
ments had a shorter hospital stay and decreased
pulmonary infections.*? This study supplemented
multiple trace elements, but a systematic review
showed that single trace element supplementation
might reduce the risk of mortality, particularly
high-dose selenium.*! However, this review also
concluded that there was no difference with anti-
oxidants supplemented enterally.*!

Whereas there is direct evidence that traces el-
ement supplementation improved outcome specif-
ically in burn patients, the numbers are small. The
best route, dose, and type of trace elements for burn
patients remain to be elucidated. Given that many
critically ill burn patients have acute kidney in-
jury, caution should be used when supplementing
trace elements in patients with renal failure. De-
spite shortcomings, some clinical practice guide-
lines recommend the routine use of trace elements
and antioxidants given promising results and a
good safety profile.”>”

Immunonutrition refers to the use of nutrients
that modify a patient’s immune response during
critical illness. Nutrients that have been used in
burn patients include omega-3 fatty acids (fish oil),
glutamine, and arginine. Glutamine is thought to
be a conditionally essential amino acid in burns. It
provides a nitrogen source, a fuel for immune cells,
fuel for enterocytes, serves as a precursor for the
antioxidant glutathione, and potentially reduces
insulin resistance.*® Arginine, another condition-
ally essential amino acid in burns, serves as a
precursor proline and glutamate, promotes t-cell
proliferation, stimulates insulin, insulin-like
growth factor 1 (ILGF1), and pituitary growth
hormone, as well as promoting wound healing.*?
Omega-3 fatty acids replace omega-6 fatty acids in
cell membranes and decrease inflammation due to
less inflammatory breakdown products.*?

Glutamine is the best studied of these nutrients
and has been recommended as a nutritional sup-
plement in the critical care population.” This rec-
ommendation stems largely from a randomized,
double-blind, control trial conducted by Garrel
et al. that examined 41 patients and showed a re-
duction in mortality for patients randomized to re-
ceive bolus glutamine supplementation.** However,

the only other randomized trial that reported
mortality as an outcome measure was in pediatric
patients and failed to show a reduction.*® While
recognizing that glutamine may show promise, a
recent review of immunonutrition in the burn
population found insufficient evidence to routinely
recommend the use of these agents.*>

Pharmacologic adjuncts

As described previously, the metabolic response
to burn injury is severe. In patients with 25% body
surface area burns, the metabolic rate can be in-
creased by 118%—210% of that predicted by the
Harris—Benedict equation.*® This increase in met-
abolic demand increases with the burn size.*® In-
creases in catecholamines, corticosteroids, and
inflammatory cytokines, including interleukin
(IL)-1, IL-6, TNF, and platelet activating factor
mediate this response and levels can remain ele-
vated for months after injury.*? Subsequent lipol-
ysis, proteolysis, and glycolysis can lead to loss of
lean body mass and in the pediatric population,
delays in growth of up to 2 years following injury.>?
Furthermore, these increases result in a hyperdy-
namic state with an elevated heart rate, increased
cardiac work, and increased myocardial oxygen
consumption.

Early enteral nutrition plays a key role in
blunting the metabolic response to burn injury, but
is insufficient by itself. Several pharmacologic
therapies have been identified that counteract this
catabolic state.

Nonspecific beta blockade with propranolol has
shown very good results in blunting the response to
burn injury. In the pediatric population, propran-
olol has been shown to reverse muscle-protein ca-
tabolism and reduce resting energy expenditure in
a randomized trial.*” Furthermore, by achieving a
20% reduction in the heart rate with propranolol
dosing, cardiac work is decreased.*® Recently, the
benefit of propranolol has been demonstrated to
last for at least 12 months after injury.*®

Oxandrolone is an anabolic steroid analog of
testosterone that has only about 5% of the virilizing
effect. It reduces muscle protein catabolism, main-
tains lean body mass, and decreased acute hospital
length of stay.’®! More recently, oxandrolonegiven
to children for 12 months after injury has demon-
strated benefits that persist up to 5 years following
injury. In addition to the effects on protein metab-
olism, children who received treatment showed
improved height percentile and increased bone
mineral content when compared with controls.?”

The recombinant human growth hormone
(rhGH) showed promise as an agent for blunting
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catabolism postburn.®®> A double-blind,
randomized, controlled trial showed in-
creased morbidity and mortality in criti-
cally ill patients.’® ILGF1 is a mediator of

the effects of rhGH. The combination of e Early excision and wound closure of burn wounds is the primary mode of
ILGF1 and rhGH resulted in improved Sainvalling s resgonse.
protein metabolism compared to use of e Enteral feeding helps modulate host response to injury and maintain
rhGH alone.32 healthy intestinal mucosa.
e Enteral nutrition is preferred over parenteral nutrition when possible.

INNOVATION e Enteral nutrition should be started within 24 h of injury.

Research into nutritional supplemen- e Supplementation with antioxidants (vitamin E & C) and trace elements,
tation for burn patients is ongoing. particularly selenium appears beneficial.
Currently, several U.S. Department of e Routine use of immunonutrition is not yet proven in burn patients.
Defense-funded, American Burn Asso- e Propranolol and oxandrolone have both demonstrated long-term atten-

ciation—sponsored ongoing multicenter

TAKE-HOME MESSAGES
e Burn injury is associated with a hypermetabolic response and a pro-
longed catabolic state

uation of the metabolic response to burns.

trials will further elucidate the role of
micronutrients and specific amino acids
and metabolic manipulation in burn patients. More
information is needed regarding the duration,
amount, and route of these supplements. Others
are attempting to clarify further the effects of the
macronutrients in nutrition, particularly the anti-
inflammatory effects of increased lipids.

Major areas of innovation will likely come from
the pharmacologic adjuncts to enteral nutrition.
Agents that blunt the body’s metabolic response
help to improve the benefits of early nutrition and
long-term outcomes. Statins are a class of mole-
cules with anti-inflammatory properties that are
only beginning to be investigated in the burn pop-
ulation. However, evidence already suggests that
statins decrease insulin resistance in burned ani-
mals, and may improve mortality in septic burn
patients.?*5°

Finally, little is known about the effect of obesity
on nutrition in burn patients. A survey of practices
in the United States demonstrated that providers
are adjusting clinical practice based on perceptions
that complications and poor outcomes are more
frequent in obese patients.’® As the obesity rate
rises, it will be important for future research to
identify how the metabolic response varies in this
population and the optimal method of providing
them with nutritional support.

CAUTION, CLINICAL REMARKS,
AND RECOMMENDATIONS

Early enteral nutrition appears to have signif-
icant benefits to burn patients with few adverse
events. Sufficient evidence exists to recommend
starting enteral feeding within 24h of injury.
However, studies from both pediatric and adult
populations are relatively small so generalization
should be done with caution. Institutional guide-

lines and protocols will likely be necessary to
ensure that feeding starts in a timely fashion. The
routine use of antioxidants and trace elements is
also reasonable given the current data and lim-
ited downside. It should be noted, however, that
there is currently little evidence regarding the
preferred dose, route, or combinations of these
supplements. Experimental regimens may act
as a guideline, but the precise dosing and use of
these supplements require clinical judgment.
Data regarding the use of pharmacologic adjuncts
are also sufficient to recommend their use; how-
ever, it should be noted that currently much of
the data comes from a single center as well as a
pediatric population. While prolonged use of these
medications appears safe and beneficial, the ex-
act duration and dosing for optimal benefit is not
yet clear.
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