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Abstract: The hypermetabolic and hypercatabolic responses to severe burns put nutrition support
at the forefront of treatments. When left untreated, severe weight loss, increased infection, and
wound healing failure can occur. Enteral nutrition is the primary method of nutrition support in
such patients. Meeting caloric needs and a positive nitrogen balance are short-term goals of nutrition
support, with long-term goals of minimizing lean body mass loss and maximizing wound healing.
High-carbohydrate and low-fat nutrition received evidence from randomized controlled trials of
aiding in decreasing pneumonia rates and was found to promote positive nitrogen balance, which
lipids do not do. We go through the macronutrient and micronutrient needs of the burn patient as
well as techniques for meeting these needs in the modern intensive care unit, with some discussion
of alterations in these techniques that are required in the austere environment.
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1. Introduction

Thermal injuries are a significant issue in both peacetime and wartime. Severe burns
cause extensive physical trauma with a resulting cascade of metabolic alterations, includ-
ing hypermetabolism and hypercatabolism. During the hypermetabolic response, the ba-
sal metabolic rate of a burn patient may be twice their normal rate, resulting in severe
weight and lean mass loss and placing the burn patient at an increased risk for infection
and delayed wound healing. These processes are the most extreme after severe burns,
compared to other traumas and medical conditions, in addition to being much more pro-
longed [1]. Adequate nutrition is crucial for burn patients, to support the healing process
and prevent complications. Austere wartime environments can pose significant obstacles
to providing adequate nutrition. In these settings, individuals may face limited access to
conventional hospital supplies, making it crucial to explore alternative strategies to ensure
proper nourishment to promote wound healing. This manuscript aims to provide a re-
view of the metabolic response to burn injury, discuss the nutritional assessment meth-
ods, explore the macronutrient and micronutrient requirements, and provide an overview
of the nutrition support strategies in both peacetime and austere environments.

2. Nutritional Assessment in Burn Patients

The nutrition assessment of a burn patient includes obtaining pre-injury weight,
height, medical history, biochemical data, medications, and physical examination data. A
visible assessment prior to fluid resuscitation can be used to determine if temporal wast-
ing or other signs of malnutrition are present. Recent weight loss and a timeline for any
poor oral intake prior to injury should be determined when the patient can answer ques-
tions or if family members are present to provide this information [2]. The usual dry
weight must be determined in order to properly use assessment calculations, as patients
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may be extremely hypervolemic (~25 kg of edema is common). The usual dry weight can
be determined using the medical record, admission weight minus any intravenous fluids
provided prior to admission if it is a recent burn, an identification card (driver's li-
cense/identification card), or a report per the patient or family. Note that the weight can-
not usually be used for nutritional monitoring until all edemas are resolved.

The increase in the resting energy expenditure is due to the systemic inflammatory
response, with increased catecholamines and other acute phase reactants. Meeting the in-
creased energy demands with the appropriate macronutrient intake is essential for pro-
moting wound healing, preventing infection, and maintaining lean body mass. An accu-
rate estimation of energy needs is crucial for avoiding underfeeding or overfeeding. Only
one RCT has evaluated calorie goals for burn patients [3]. This RCT did not find any sig-
nificant outcome differences between providing approximately 20% versus 40% above the
resting energy expenditure. Unfortunately, there was a baseline difference in age between
the higher and lower calorie groups (37 £ 9 vs. 29 + 10 years; p < 0.05), which skewed the
results in favor of the lower calorie group [3]. We previously found the Milner equation
[1] to be the most satisfactory in determining the resting energy expenditure for patients
with a ~>20% TBSA burn when compared with indirect calorimetry [4]. The Milner equa-
tion is as follows:

Kcal/day = [BMR x (0.274 +0.0079 x TBSA - 0.004 x PBD) + BMR] x 24 x BSA x AF
TBSA = total body surface area burned (%) x100, ex.: 20% burn, enter “20”

Note: TBSA does not change with healing; always use the initial burn size

BSA (m?) (usual answers: 1.5-2.5) = body surface area

Square root of (HT x WT)/3600

HT = height (cm)

WT = weight (kg) (for obese pts, use actual dry weight)

AF = activity factor (typically 1.4 for weight maintenance [5-7] and 1 when paralyzed)
PBD = post-burn day

BMR = basal metabolic rate

Male BMR =54.337821 - (1.19961 x Age) + (0.02548 x Age?) — (0.00018 x Age?)
Female BMR = 54.7494 — (1.54884 x Age) + (0.03580 x Age?) — (0.00026 x Age?)
(usual answers for BMR: 20-40 kcal/m2/hr [8])

(usual answers for the Milner equation: 2000-6000 kcal/d)

This initial caloric goal is determined by the Milner equation shown above [1,4], uti-
lizing an activity factor of 1.4 in an effort to maintain weight [5-7], along with anabolic
agents and physical therapy [8] to maximize lean body mass retention and strength reten-
tion. Table 1 shows the general initial nutrition recommendations, split by a less than 20%
TBSA burn and larger burns. Further evaluation by indirect calorimetry and dual X-ray
absorptiometry (DEXA) is performed as possible [9]. Body composition analysis via DEXA
is a valuable tool for assessing nutritional adequacy and monitoring changes over time in
burn patients. Visceral proteins (prealbumin, transferrin, and retinol binding protein) are
not measured, as they are not good indicators of nutrition status [9-13]. Assessing the ad-
equacy of nutritional intake is crucial in determining appropriate intervention strategies.
The accurate estimation of energy needs and actual intake is critical to prevent malnutri-
tion and promote wound healing in burn patients. The calorie intake from enteral nutri-
tion, parenteral nutrition, intravenous fluids, and oral intake is monitored from admission
to healing. A calorie surplus (over 120% of goal) is avoided, as overfeeding can lead to
ventilator dependence due to increased carbon dioxide production. The target enteral nu-
trition rate should be achieved within 48 h of admission, and 80-120% of the kcal goal
should be met every day starting on hospital day 3, along with the achievement of a pos-
itive nitrogen balance [2]. Wound healing is the primary goal of this aggressive nutrition
support.
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Table 1. General initial macronutrient and micronutrient recommendations.

220% TBSA Burn <20% TBSA Burn
Energy Milner equation 35 kcal/kg
. ~25% energy goal initially, and then ~20% energy goal initially and
Protein ; ;
+nitrogen balance then +nitrogen balance
Carbohydrate 60-65% energy goal
Fat ~10-15% energy goal
Vitamin C 500 mg of TID 500 mg daily
Vitamin E 400 IU daily
. 50 mg of elemental/
Zinc . .
220 mg zinc sulfate daily
Selenium 400 mcg daily
Thiamine 100 mg daily
Folate 1 mg daily
Vitamin Ds 20,000 IU Q3D
30 mmol of IV sodium phosphate
Phosphorus Q6H
Multivitamin with minerals 1 tab daily 1 tab daily

TBSA = total body surface area; TID = three times daily; Q3D = every three days; Q6H = every 6 h.

Carbohydrates are the primary source of energy, and a higher carbohydrate and
lower fat intake was found to lower the incidence of pneumonia and wound infection,
decrease hospital LOS per percentage of TBSA burn, lower rates of PaO2/FiO:2 < 200, and
shorten the time to wound healing per percentage of TBSA burn in two individual RCTs
evaluating a low-fat (<15%) and high-carbohydrate (=60%) intake [14,15]. When these two
RCTs were evaluated together through a meta-analysis, decreased pneumonia rates were
found [16].

Adequate fat intake is important for preventing essential fatty acid deficiency; how-
ever, only 1-4% of total energy intake as fat is sufficient [17,18]. There are five small RCTs
[14,15,19-22] showing clinical outcome benefits for fish oil, including the following: in-
creased body weight at discharge, less wound infection, less time in the hospital adjusted
for burn size, and less severe sepsis and septic shock, though with the drawback of more
overall infections when providing fish oil to burn patients.

Protein losses in burn patients are significantly elevated through both urinary losses
and wound exudate, with a higher protein uptake in the wound beds due to utilization
with wound healing. At least 1.5-2 g protein/kg per day is recommended. Alternatively,
25% of calories from protein can be used as the initial protein goal. Nitrogen balance stud-
ies can be conducted to better evaluate losses. Avoiding over 5 gm protein/kg ideal body
weight is recommended, even if the nitrogen balance is negative.

The Waxman equation [23] is used to estimate nitrogen losses from open wounds:

nitrogen loss/day over the 1st week (gm) = 0.3 x BSA x %TBSA Open Wound

nitrogen loss/day after the 1st week (gm) = 0.1 x BSA x %TBSA Open Wound

%TBSA Open Wound = total body surface area unhealed burn wound plus total body
surface area unhealed donor sites (%) x 100, Ex: 20% TBSA unhealed burn + 20% TBSA
unhealed donor, enter “40”

Note: %TBSA Open Wound does change with healing

BSA (m?) (usual answers: 1.5-2.5) = body surface area

square root of (HT x WT)/3600

HT = height (cm)

WT = weight (kg) (for obese pts, use actual dry weight)

Nitrogen balance = (gm protein intake/6.25) - [UUN x 1.2 + 2 + Waxman + (ABUN)]

ABUN = change in blood urea nitrogen during UUN collection

UUN = urine urea nitrogen

Note: UUN inaccurate with renal failure/elevated BUN
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3. Micronutrients

Burn patients utilize additional vitamin C due to increased oxidative stress and tissue
damage [24]. Vitamin C supplementation was shown to enhance collagen synthesis, aid
in wound healing, and improve immune function in burn patients [25]. We provide 500
mg/d of vitamin C three times daily for patients with severe burns.

One study found lower levels of vitamin E in patients who died after severe burns
compared to survivors [26]. Low vitamin E levels may stem from low vitamin C levels. In
animal models, vitamin E supplementation resulted in improved wound healing [27-31].
We provide 400 IU/d of enteral vitamin E daily.

Zinc deficiency is common in burn patients and can impair wound healing and im-
mune function. Zinc supplementation was associated with improved wound healing
rates, reduced infection rates, and enhanced immune response in burn patients. Copper
deficiency can occur with daily doses of 40 mg elemental zinc [25]. We supplement 50
mg/d of enteral elemental zinc (220 mg of zinc sulfate) for patients with severe burns.

An RCT by Barbosa et al. evaluated vitamin E, vitamin C, and zinc supplementation
[32]. Subjects in the treatment group received 1.5 times the upper limit for vitamin E and
vitamin C and twice the recommended dietary allowance for zinc for one week starting
on the second day of admission and had a shorter time to wound healing (5+1 vs. 8 +1
days, p <0.01).

Vitamin A plays a crucial role in wound healing, immune function, and epithelial cell
differentiation. Supplementation with vitamin A can help promote re-epithelialization
and reduce the risk of infections in burn patients. Although deficiency can impair collagen
synthesis and interfere with wound healing, whole-body vitamin A deficiency is rare, as
the liver has stores that can last several months [25]. Vitamin A is thought to counteract
the effects of corticosteroids and impaired wound healing, based on rat studies [25,33].
Vitamin A toxicity was reported in burn patients not receiving additional supplementa-
tion in addition to a multivitamin [34] and can become elevated with acute kidney injury.
We do not routinely supplement vitamin A.

Selenium also has antioxidant properties. Burn injuries result in decreased selenium
levels, and supplementation may have a beneficial effect on wound healing and infection
rates in burn patients [25,35,36]. We supplement 400 mcg/d of enteral selenium daily.

Thiamine supplementation can aid in decreased lactate levels in burn patients [37].
We supplement 100 mg of thiamine daily.

Low vitamin D levels are common for patients with severe burns [38]. Deficiency in
the initial post-burn period is as a result of hemodilution with burn resuscitation, and the
decrease in carrier proteins such as the vitamin D binding protein and albumin associated
with inflammation. Vitamin D deficiency is associated with lower bone mineral density
and increased prevalence of long bone fractures [39] as well as with low scar elasticity and
decreased skin barrier function [40]. We provide aggressive supplementation of 1250 mg
of vitamin Ds every 3 days and monitor 25-OH vitamin D levels for adjustments.

Copper deficiency, which is common after severe burns, results in poor wound heal-
ing, anemia, and neutropenia [25,41]. We check copper levels every 2 weeks and supple-
ment with 4 mg of IV copper daily for 1-2 weeks when severe deficiencies are identified.
For slight decreases in copper levels, enteral zinc supplementation should be discontin-
ued.

If the mean corpuscular volume is high, the vitamin B12, folic acid, methylmolonic
acid, and homocysteine levels are evaluated, as macrocytic anemia can be a sign of vitamin
B12 or folate deficiency. Elevations in methylmolonic acid and homocysteine are better
indicators of vitamin B12 deficiency than vitamin B12 levels. Vitamin B12 is supplemented
if a deficiency is found. Folate levels are decreased after a severe burn [42,43]. We supple-
ment 1 mg of folate daily.

If the mean corpuscular volume is low, an iron panel is ordered, as a microcytic ane-
mia can be a sign of iron deficiency. Iron plays a role in wound healing as a cofactor in
collagen synthesis but has not been thoroughly studied in burn patients [44]. Iron levels
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are commonly low after severe burns, with a corresponding elevation in ferritin levels
[24,44]. We do not usually supplement iron, as burn patients typically receive many blood
transfusions, which can result in iron overload.

If a patient is malnourished, extreme electrolyte disturbances are expected. However,
phosphorus also significantly drops in well-nourished, hypermetabolic patients during
nutrition initiation and must also be closely monitored and aggressively repleted. Due to
this, intravenous sodium phosphate is started at 30 mmol every 6 h with the initiation of
enteral nutrition. This practice was reported to result in decreased cardiac events and in-
fections [45]. When unable to obtain phosphorus over 2 mg/dL, potassium over 3 mmol/L,
and magnesium over 1 mg/dL, enteral nutrition is held or temporarily decreased until
these levels are under control. Individual patient assessments should guide the need for
specific micronutrient supplementation.

4. Enteral Nutrition

Enteral nutrition (EN) is the preferred route of nutrition, as it aids in maintaining gut
integrity, preserving immune function, and reducing the risk of infection. The initial goal
for a burn patient is to start enteral nutrition as soon as clinically appropriate, within the
first 24 h of admission [9,46-56]. One RCT evaluating the timing of EN initiation found a
significant difference in body mass index changes with early EN (ranging from 0 to 24 h
after admission) in burn patients [55]. A multicenter, observational study found lower
rates of wound infection and a shorter intensive care unit length of stay to be associated
with initiating EN within 24 h of admission [57].

We use an enteral formulation with high protein and high carbohydrate provisions.
Diabetic, renal, pulmonary, acute respiratory distress syndrome, and concentrated enteral
nutrition formulas are not routinely used, as these are all high-fat. Low-fat and high-car-
bohydrate formulas were found to improve healing and other outcomes in burn patients
[14-16,58-60]. Immune-enhancing formulas are not utilized, as the high arginine levels
increase mortality in patients with sepsis. For diabetes, an insulin drip is started as needed
(see ISR 1-120 BICU Insulin Clinical Practice Guidelines). For renal failure, continuous
renal replacement therapy is utilized when needed.

Since the guidelines [9] recommend waiting to start enteral nutrition until hemody-
namic stability is achieved, albeit with no definition of hemodynamic stability, we clini-
cally defined hemodynamic stability as lactate beginning to normalize (<3 mmol/L) and
epinephrine or norepinephrine infusions under 0.15 mcg/kg/min and await these criteria
before initiating enteral nutrition. Bowel sounds, stool output, and flatus are not used to
determine if enteral nutrition can be initiated, as they are not good signs of bowel function
[9]. Enteral nutrition is initiated at 20 mL/h and increased by 20 mL/h every 4 h as toler-
ated, until the goal rate is achieved. Boluses of 5-6 g of protein powder are scheduled
every three hours with the initiation of enteral nutrition, and these boluses are increased
by 5-6 g each day until the goal is reached. Dosing can later be adjusted to maintain a
positive nitrogen balance (equation shown above) but cannot be decreased below the ini-
tial estimate until ~hospital day 14, as urine urea nitrogen levels trend up during this time.
When the initial EN goal is achieved, and the phosphorus level is able to be maintained
above 3 mg/dL, a maltodextrin mixture (of approximately 2 kcal/mL) is added to the flush
bag, and enteral nutrition is adjusted to provide 60—-65% of carbohydrates and at least 25%
of the kcal from protein (or per the nitrogen balance results if higher). A minimum of a 30
mL water flush every four hours is required to keep feeding tube patent. Intravenous flu-
ids are minimized as tolerated as enteral nutrition reaches the goal.

The enteral nutrition hourly rate can be increased by approximately 20-40 mL/hr the
day prior to surgery and decreased to the original rate the day after to account for the time
in surgery. Post-pyloric enteral nutrition can be held at the time of transport to surgery in
patients with protected airways. Otherwise, enteral nutrition formulas can be held six
hours prior to surgery. Clear liquids (e.g., clear supplement drinks or a maltodextrin mix-
ture) can be continued orally, in the stomach, or post-pyloric until two hours before
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surgery,. Toast or cereal (not with milk) can be allowed up to six hours before surgery.
When there is a nasogastric/orogastric tube, the stomach is suctioned out in both the in-
tensive care unit room prior to leaving for surgery and in the operating room prior to
starting surgery to aid in preventing aspiration. Enteral nutrition can be resumed at the
pre-surgical rate when the patient is hemodynamically stable after surgery [61]. Enteral
nutrition is not held for vasopressin or dobutamine. Enteral nutrition is held for epineph-
rine or norepinephrine at 0.15 mcg/kg/min. A catch-up rate is ordered to allow the nursing
staff to automatically account for any time enteral nutrition is missed: the current enteral
nutrition goal rate is increased by one-third for 3 h for every one hour of enteral nutrition
missed [61].

5. Enteral Nutrition in the Austere Environment

In past conflicts such as Operation Iraqi Freedom and Operation Enduring Freedom,
the United States maintained control of the airspace and, with that, casualties were evac-
uated out of the theater and to a level 5 facility in the United States within 2-3 days of the
point of injury [62,63]. Due to this, the average length of stay at a combat support hospital
(CSH) was only about 17.4 h, which includes any required surgery and preparation for
evacuation, leaving little time for a nutrition evaluation by a dietitian [63]. As a result,
there are limited published data on providing nutrition support in an austere environ-
ment or warzone.

It is impractical, both logistically and economically, to produce, transport, and store
prepared commercial enteral nutrition formulas in developing nations and austere envi-
ronments [64]. Not only are there limitations on storing enteral products, but the trans-
portation of such products can be dangerous and is often trumped by higher priority items
such as water and munitions [64].

In an article by Frizzi et al. [64], surgeons on a forward surgical team (FST) in Af-
ghanistan were presented with the challenge of providing early enteral nutrition to seven
injured service members and Afghan nationals awaiting combat zone evacuation. All suf-
fered major trauma, but the authors were unclear about the mechanism of injuries to in-
clude if any of these individuals suffered from burns. The FST employed the use of naso-
gastric tubes for patients not requiring diagnostic or therapeutic laparotomies and surgi-
cal gastrostomy/jejunostomy tubes for those undergoing a laparotomy. After the first 12—
24 h post op where the gastrostomy tube was on gravity draining, enteral feeds were
started with 1% low-fat milk at a rate of 30 mL/hour. The preferred method of feeding was
through bolus feeds, as the FSTs were not equipped with feeding pumps, but if a contin-
uous rate was needed, a 100mL intravenous bag of saline was substituted as the tube feed
bag and a dial-a-flow was placed to control the rate of infusion. The enteral rate was in-
creased to 60 mL/hour following tolerance to trickle feeds; additionally, once tolerance
was established, the Meal, Ready-to-Eat (MRE) dairy shake powder was added to the milk
feeding to provide additional calories and nutrients. Small batches of feeds were prepared
to prevent the separation of additives, and feeding rates were decreased as the oral intake
increased.

Homemade enteral formulas are a viable option when it comes to austere environ-
ments; however, consideration needs to be taken as to how to provide the required nutri-
tion despite the constraints of the situation and local environment. Food stuffs may need
to be procured via the local economy, and, depending on the region, dietary and cultural
restrictions may further dictate the available food products [64]. Stankorb et al. discussed
a rudimentary concoction made from milk, honey, and eggs due to lack of available com-
mercially prepared options that was used for tube feeding by an Iraqi hospital [63]. Time
and temperature controls also need to be considered for both the storing of ingredients
and the holding of prepared mixtures. The addition of a blender, food processor, or hand-
cranked food mill with a clean and reliable supply of water and electricity is required for
the preparation of enteral feeds [64].
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6. Parenteral Nutrition

Commercial parenteral formulas are not available far forward (i.e., at the FST) on the
battlefield [64]. The appropriate initiation of parenteral nutrition is an area of evolving
evidence, and clinical practice is only indicated when enteral nutrition is not feasible be-
cause of compromised gastrointestinal function or when enteral nutrition fails to meet the
patient's nutritional needs. The following guidelines are based on the available literature.
Consider parenteral nutrition for high-mortality-risk pts. per the Baux score (e.g., 260%
predicted mortality, especially in those patients outside a body mass index of 25-35 kg/m?)
if unable to achieve the enteral nutrition goal rate within two days [65,66]. Consider par-
enteral nutrition for moderate-mortality-risk patients if unable to achieve the enteral nu-
trition goal rate within five days. Consider parenteral nutrition for low-mortality-risk pa-
tients with a good nutrition status prior to injury if unable to achieve the enteral nutrition
goal rate after seven days [9].

Start with an initial dextrose infusion rate (see below) of five. This can be increased
to seven if well tolerated (low/no insulin requirements). We provide intravenous amino
acids at the estimated protein goal (25% of kcals or based off the nitrogen balance if avail-
able) with the remainder of calories coming from dextrose, up to a dextrose infusion rate
of seven.

calories from dextrose x 1000
3.4 x weight (kg) x 1440

Dextrose infusion rate =

We give 15% of the caloric goal in the form of SMOF (soybean, medium-chain triglyc-
erides, olive oil, and fish oil) lipids. Prior to the availability of SMOF lipids, we did not
usually give any intravenous lipids during parenteral nutrition unless there was no fat
intake for seven days, including fat from enteral nutrition and propofol [10]. When
needed, 500 calories from intravenous lipids were given twice weekly to prevent essential
fatty acid deficiency. Triglycerides are monitored at least weekly when receiving any IV
lipids.

Direct bilirubin and liver function panels are monitored each week while on paren-
teral nutrition. Copper and manganese are held if the direct bilirubin is 2 mg/dL or greater.

Efforts to achieve the enteral nutrition goal rate are actively continued even after par-
enteral nutrition is initiated in order to discontinue parenteral nutrition as soon as possi-
ble. Trophic enteral nutrition can be started with a suspected ileus and may help the ileus
to resolve [10]. To wean off parenteral nutrition, the rate can be decreased by the tolerated
enteral nutrition rate.

7. Oral Nutrition

A regular, non-restricted diet is given if no intubation occurs. Otherwise, the diet is
advanced when the patient is extubated (and no trach) or when the trach is downsized to
#6, off the ventilator. An appropriate mental status is ensured prior to oral intake, with
clear speech and the ability to manage secretions. If the patient has both a Dobb-Hoff tube
and a nasogastric/orogastric tube, one tube is removed to allow for ease of swallowing. A
pudding texture is initially given during the bedside nursing swallowing evaluation, and
the diet is advanced as tolerated to a regular diet with only supplements and milk for
fluids. A clear liquid diet — full liquid diet — soft diet — regular diet pattern of advance-
ment is not appropriate, as this has no scientific basis; it prolongs diet advancement and
contributes to inadequate nutrition. To aid in the transition from enteral to oral nutrition,
enteral nutrition is held for two hours for each supplement the patient drinks or meal the
patient eats. Do not use diet restrictions, such as diabetic, renal, heart healthy, etc., until
the patient is tolerating an adequate amount of oral intake to warrant these; the patient
should be able to decide what foods they will eat, as they do at home. If inappropriate diet
choices are made, this is an opportunity for re-education: poor diet choices will not be
identified if foods are limited by the diet order. Calorie counts are performed to ensure
the patient is meeting nutrition goals. No water, Gatorade, Kool-Aid, or caffeine-



Eur. Burn . 2023, 4, 35

544

containing beverages are allowed, as these are not calorically dense enough to support the
hypermetabolic state and water intoxication (severe hyponatremia) that can develop if
patients with the overactive thirst mechanism associated with a burn are allowed to drink
all of the desired fluids. Only supplements and milk are initially given for fluids until the
patient is meeting their calorie goal and experiencing no difficulty with hyponatremia.
Typically, burn patients are not hungry [67] but may be extremely thirsty, which aids them
in drinking a large number of supplement drinks. The dietitian provides a supplement
goal (usual goal: 8-24 supplements per day).

8. Medications for the Hypermetabolic Response

Insulin is the best anabolic steroid and is used as a tool to aid in achieving the esti-
mated nutrition needs [68]. Possible adverse outcomes include hypoglycemia. We initiate
an insulin drip when glucose is over 180 mg/dL twice in a row. Carbohydrate provisions
are not altered unless the insulin drip rate reaches 75 units/hr in our facility, and then the
enteral nutrition rate is temporarily decreased, as this high insulin requirement is usually
temporary. The enteral nutrition rate is returned to goal if able to keep the insulin drip
under 75 units/hr. Long-acting insulin is avoided in patients with normal hemoglobin Alc
values on admission, as long-acting insulin may cause difficulty with hypoglycemia when
the inflammatory state resolves. The goal glucose levels are between 80 and 180 mg/dL.

Oxandrolone, a testosterone analogue, was found to increase lean body mass reten-
tion and decrease the length of hospital stay [69]. Possible adverse outcomes include ala-
nine transaminase >100 U/L. We start oxandrolone on post-burn day five at a dose of 10
mg twice per day. Liver function tests are monitored weekly. Oxandrolone is held for
alanine transaminase >200 U/L and (re)started when <100 U/L. The goal is lean body mass
retention.

Propranolol was found to decrease metabolism and increase lean body mass reten-
tion (in burned children). Possible adverse outcomes include bradycardia and hypoten-
sion. The hold parameters for heart rate and/or blood pressure should be included in the
administration plan [70]. We start propranolol on approximately post-burn day 5 with a
dose of 10 mg given enterally twice per day/three times per day. This dosing is increased
every other day by 5 mg per dose with the goal of a 20% decrease in the heart rate, as this
was found to decrease the hypermetabolic response.

9. Conclusions

Nutrition plays a critical role in the recovery and wound healing of burn patients.
Adequate carbohydrate, protein, and micronutrient intake is an essential treatment for
hypermetabolic and hypercatabolic responses. A high value should be placed on ensuring
adequate nutrition is provided to a burn patient to promote recovery.

The current information available on nutrition support in the austere environment is
extremely limited. The management of patient feeding for the different roles of care in the
deployed setting needs to be shared with the nutrition community at large for improve-
ments in the clinical outcomes in these environments to take place.
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