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ABSTRACT

Traumatic brain injury (TBI) is a major cause of long-term physical and psychological
disability and death. In patients with TBI, undernutrition is associated with an increased
mortality rate, more infectious complications, and worse neurologic outcomes. Therefore,
timely and effective nutritional therapy is particularly crucial in the management of TBI

to improve patients’ prognoses. This narrative review summarizes the issues encountered
in clinical practice for patients with neurotrauma who receive acute and post-acute in-
patient rehabilitation services, and it comprehensively incorporates a wide range of studies,
including recent clinical practice guidelines (CPGs), with the aim of better understanding the
current evidence for optimal nutritional therapy focused on TBI patients. Recent CPGs were
reviewed for 6 topics: 1) hypermetabolism and variation in energy expenditure in patients
with TBI, 2) delayed gastric emptying and intolerance to enteral nutrition, 3) decision-
making on the route and timing of access in patients with TBI who are unable to maintain
volitional intake (enteral nutrition versus parenteral nutrition), 4) decision-making on the
enteral formula (standard or immune-modulating formulas), 5) glycemic control, and 6)
protein support. We also identified areas that need further research in the future.

Keywords: Traumatic Brain Injury; Nutrition Therapy; Enteral Nutrition; Parenteral Nutrition;
Glycemic Control

INTRODUCTION

Traumatic brain injury (TBI) affects approximately 69 million people worldwide each year

and has serious implications with regard to long-term physical and psychological disability
and death [1-3]. In Korea, approximately 480,000 new TBI cases occur annually and the

total medical costs for TBI steadily increased over the last decade [4]. Hypermetabolism and
increased catabolism after TBI lead to hyperglycemia, protein wasting, and increased energy
demand, which may be as high as 200% of the usual energy requirement [5,6]. A previous
study reported that 68% of patients with acute TBI were malnourished [7]. This negative
energy balance causes a decrease in body mass, especially skeletal muscle mass, and leads to a
negative nitrogen balance. It is also associated with an increase in morbidity and mortality [8].
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Nutrition in patients with TBI is pivotal for maintaining cellular homeostasis and reducing
mortality and the incidence of infectious complications [9-11]. Therefore, timely and effective
nutritional therapy is particularly crucial in the management of TBI to improve patients’
prognoses, especially in more severe TBI cases. Although many previous studies have been
conducted on nutrition in stroke patients, relatively few studies have explored nutrition in
patients with TBI [12,13]. In this review, we summarize the difficulties or issues encountered
in clinical practice and comprehensively incorporate previous studies and recent clinical
practice guidelines (CPGs) to better understand the current evidence for optimal nutritional
therapy in TBI patients. We also identify areas that need further research in the future.

TOPIC 1. HYPERMETABOLISM AND VARIATION IN
ENERGY EXPENDITURE IN PATIENTS WITH TBI

The secondary response to trauma increases the secretion of catecholamines, which
antagonize insulin, and inflammatory mediators. Hormonal changes after TBI can lead

to hypermetabolism by increasing the secretion of corticosteroids, counterregulatory
hormones, and cytokines. In the acute phase of TBI, energy requirements increase to
100%-200% of baseline-predicted resting energy expenditure (REE), which may persist for
several weeks to several months, depending on the severity of the neurotrauma and level of
recovery [5,14]. Hypercatabolism of brain injury is associated with increased morbidity and
weight loss [15]. It generally stops and plateaus at 2 months postinjury, and this timing often
coincides with admission to inpatient rehabilitation [16].

In the acute phase of TBI, factors including the patient’s body temperature, use of sedatives,
mechanical ventilation, and the severity of brain injury modify the REE, making it very
challenging to predict an individual’s nutritional requirements; this difficulty may lead to
inadequate nutrition [17]. Moreover, since patients with severe TBI often have edema related
to resuscitation, it is difficult to accurately predict energy requirements using body weight
[18]. In the post-acute phase, calorie needs should be reassessed. Calorie demands decrease
in the setting of limited mobility as the medical status normalizes [16]. Meanwhile, the
process of rehabilitation therapy increases calorie needs and this may be 30-60% higher than
control groups [16].

Recommendations from recent CPGs: Determination of energy expenditure
The American Society for Parenteral and Enteral Nutrition-Society of Critical Care Medicine
(ASPEN-SCCM) and many clinicians recommend that indirect calorimetry is the current
“gold standard” to measure energy requirements in patients with TBI whenever possible
(quality of evidence: very low [ASPEN-SCCM)]) [8,17]. However, using indirect calorimetry
involves many practical difficulties, such as high costs and the requirement for a trained
professional [19]. The ASPEN-SCCM guideline suggests that if indirect calorimetry is not
available, a published predictive equation or a basic weight-based equation (25-30 kcal/kg/d)
be applied to determine energy requirements in critically ill patients (quality of evidence:
expert consensus) [17]. The Harris-Benedict, Ireton-Jones, and Penn State predictive
equations are commonly used (Table 1) [20,21]. The Brain Trauma Foundation recommends
that TBI patients be fed to achieve basal caloric replacement at least by the fifth day and at
most, by the seventh day post-injury to lower risk of death (level ITA) [22].
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Table 1. Common equations for predicting resting energy expenditure

Equations
Equations derived from testing hospital patients
Penn State Equation
REE = (1.1 x value of HBE) + (140 x Tmax) + (32 x VE) - 5,340
Ireton-Jones Equation for ventilated patients
Male REE =2,028 - 11 x A+ 5x W + 239 x T + 804 x B
Female REE=1,784 - T1 x A+ 5x W + 239 x T + 804 x B
Equations derived from testing normal volunteers
Harris-Benedict Equations
Male REE = 66.47 +13.75 x W + 5 x H — 6.755 x A
Female REE = 665.1 + 9.563 x W + 1.85 x H — 4.676 x A
Mifflin-St. Jeor Equations
Male BMR=10 xW + 6.25x H-5xA +5
Female BMR =10 x W + 6.25 x H - 5 x A - 161
REE, resting energy expenditure (kcal/day); HBE, REE calculated by Harris-Benedict method (kcal/day); Tmax,
maximum body temperature in the past 24 hours (°C); VE, expired minute volume (L/min); A, ages (years); W,
actual body weight (kg); T, trauma; B, burn; H, height (cm).

During inpatient rehabilitation, comprehensive information concerning limited mobility or
paresis, progress in therapy and activities of daily living, and level of agitation is important
for the nutrition reassessment [16]. Moreover, weekly monitoring for weight gain or loss

is useful. In case of weight gain due to hyperphagia, it is important to apply behavioral
strategies using a memory board or diary, and to encourage patients to follow a low-fat, well-
balanced diet [16].

TOPIC 2. DELAYED GASTRIC EMPTYING AND
INTOLERANCE TO ENTERAL NUTRITION

Gastroparesis, or delayed gastric emptying, is one of the major factors that cause feeding
intolerance, which is exhibited in 45%-50% of TBI patients [6,23]. Previous studies showed
that in patients with moderate-to-severe TBI, the gastric emptying half-life was delayed more
than twice as compared to that of healthy control subjects. Gastrointestinal hypokinesia
usually persisted during the first 1-2 weeks after TBI [14,24]. After the transfer to the general
ward, the delay in emptying may continue depending on the severity of the TBI and if
elevated intracranial pressure continues. Delayed gastric emptying may be assumed when
there is feeding tube intolerance with large gastric residual volume. Ileus may be present, but
it appears more commonly when brain injury is accompanied by the spinal cord injury [25].

There are numerous reasons for intolerance to enteral nutrition (EN) in patients with TBI
(Table 2). Neurotrauma increases intracranial pressure and damages the autonomic nervous
system [23,206]. Sedatives such as opioid agents delay gastric emptying, which consequently
may increase gastric residual volume and the risk of vomiting [23]. Furthermore, several
aspects of patients with TBI interrupt EN. For instance, pain from trauma, facial fractures,
oral injury, and prolonged cervical immobilization may delay resumption of an oral diet.

A previous study showed that surgery, extubation or intubation, or radiological exams
interrupted approximately 30% of critically ill patients with TBI at least once during the
observation period [27].
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Table 2. Reasons for intolerance to enteral nutrition in patients with TBI

Variables Reasons
Central mechanism Increased intracranial pressure

Damage of the autonomic nervous system
Central and peripheral mechanism Opioid agents

Pain
Multiple trauma Facial fractures

Oral injury

Prolonged cervical immobilization
Interruptions in healthcare Surgery

Extubation or intubation
Radiologic exams

Bedside procedures

Large gastric residual volume
Emesis

TBI, traumatic brain injury.

Recommendations from recent CPGs: Strategies to improve intolerance to EN
in patients with TBI

There are several strategies to improve feeding tolerance in patients with TBI. First,

the American Dietetic Association recommends positioning patients in a 45° head-

of-bed elevation position to prevent aspiration pneumonia (grade II) and to minimize
gastroesophageal or laryngopharyngeal reflux of gastric contents (grade I) [28]. Second,
concentrated enteral formulas (> 1.5 kcal/mL) may reduce the risk of reflux or intolerance
while meeting caloric requirements in less volume [20]. Thirdly, for EN, a continuous
infusion is preferred rather than administration as a bolus. A recent randomized clinical
trial (RCT) demonstrated that the continuous infusion had more positive effects on nitrogen
balance and decreasing the hypercatabolic response in patients with TBI than intermittent
EN and parenteral methods [29].

Since the enteric nervous system and intestinal smooth muscle are intact, motility-promoting
agents should be useful. The ASPEN-SCCM guideline suggests that in patients at risk of
swallowing aspiration, prokinetic medications (e.g., metoclopramide or erythromycin) be
initiated where feasible [17]. Metoclopramide is currently the only FDA-approved promotility
agent. However, the potential for central nervous system side effects due to antagonizing
central dopamine D2 receptors may limit its use. It may also worsen the severity and
frequency of seizures and should not be used in patients with TBI who have seizures. Also,
patients taking medications that may increase the risk of extrapyramidal symptoms should
avoid it. As a treatment for intolerance to EN, metoclopramide appears to be less effective

in TBI than in other critically ill patients and combination therapy with erythromycin

should be considered unless contraindicated [30,31]. Erythromycin is a macrolide antibiotic
structurally similar to the GI hormone motilin. Although it does not have an FDA-approved
indication, it is used as an effective promotility drug.

The European Society for Clinical Nutrition and Metabolism (ESPEN) guideline recommend
that postpyloric feeding should be considered in critically ill patients whose gastric feeding
intolerance has not been resolved with prokinetic agents (grade of recommendation B -
strong consensus) or in patients whose risk for aspiration is high (grade of recommendation:
good practice point [GPP] - strong consensus). Experts suggest that jejunal feeding should
only be attempted in environments where the technique is readily available or if gastric
akinesia persists despite appropriate attempts [6,32].

https://doi.org/10.12786/bn.2022.15.e4 413
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After the transfer to the general ward, low fat (<30%) meals are preferred for gastroparesis
because high fat meals may further prolong gastric emptying [16]. Antiemetcs may be
suitable for nausea [16].

TOPIC 3. DECISION-MAKING ON THE ROUTE AND TIMING
OF ACCESS IN PATIENTS WITH TBI WHO ARE UNABLE TO
MAINTAIN VOLITIONAL INTAKE: EN VERSUS PN

According to meta-analyses of previous RCTs comparing early (within 24—48 hours) versus
delayed EN, patients who received early EN showed lower mortality, reduced infection rates,
and shorter hospital stays [33,34]. The advantages of EN over parenteral nutrition (PN)

have been demonstrated in numerous previous RCTs regarding reduction of infection (e.g.,
pneumonia and central line infection in most patients, and abdominal abscess in trauma
patients, in particular) and the length of stay in the intensive care unit [17]. In particular, EN
preserves gut integrity, and stress and the immune response are physiologically regulated.
Furthermore, access through the gut serves as a passageway for immune-modulating
substances and is effective in preventing stress ulcers [35].

Recommendations from recent CPGs: Timing of the initiation of EN and PN in
patients with acute TBI

Both the ASPEN-SCCM and ESPEN guidelines recommend initiating early EN (within 24-

48 hours) instead of delaying EN (quality of evidence: very low [ASPEN-SCCM]; grade of
recommendation: B - strong consensus [ESPEN]) [17,32]. Early EN therapy is more beneficial,
especially in high-risk patients [17]. For hemodynamically stable patients, the use of EN over
PN is recommended in both guidelines (quality of evidence-low to very low [ASPEN-SCCM];
grade of recommendation: A - strong consensus [ESPEN]) [17,32].

Gastric access is the standard method for initiating EN (quality of evidence: moderate to high
[ASPEN-SCCM]; grade of recommendation: GPP - strong consensus [ESPEN]), and gradual
increase of EN is necessary to avoid overfeeding in the early phase, especially in patients who
are intolerant initially (grade of recommendation: A - strong consensus [ESPEN]) [17,32]. An
initial EN rate of 20 mL/h is appropriate, and it is desirable to increase the amount by 10 to 20
mL/h every 6-8 hours to reach the target amount [20].

However, EN should be withheld in hemodynamically unstable patients [17]. If a patient
receiving vasopressor therapy is provided with EN, close attention should be paid to
intolerance signs such as abdominal distention, hypoactive bowel sounds, decrease in
stool passing, and metabolic acidosis, which are early signs of gut ischemia. EN should be
discontinued until stabilization of the symptoms and interventions.

Although early EN is recommended for most patients, there is no dispute about the necessity
of supplementation with PN if malnutrition persists in order to minimize the detrimental
effects of a negative energy balance [32]. However, the most appropriate time for prescribing
supplemental PN has not yet been established. According to Casaer et al. [36], early PN was
associated with an increased morbidity and infection rate. In particular, the potential side
effects of overestimating the caloric target in the acute phase were discussed. Although

the most appropriate timing of PN supplementation has not been determined, the ESPEN
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guideline recommends 4 to 7 days based on the results of previous studies [32]. Meanwhile,
the ASPEN-SCCM guideline recommends considering the use of supplemental PN after 7-10
days if it is not possible to meet > 60% of energy and protein requirements by the enteral
route alone [17]. Initiating PN prior to this 7- to 10-day period in critically ill brain-injured
patients does not improve the outcome, and may even adversely affect the patient (quality of
evidence: moderate [ASPEN-SCCM]) [17].

TOPIC 4. DECISION MAKING ON THE ENTERAL FORMULA:
STANDARD OR IMMUNE-MODULATING FORMULAS

After brain injury, excessive release of glutamate and excitotoxic neurotransmitters increases
the intracellular calcium and sodium influx and results in energy depletion. Formulas

using immune-modulating nutrients such as glutamine, omega-3 fatty acids, arginine, and
nucleotides have been proposed to promote neuroprotection from secondary brain insults
[8]. Glutamine is one of the most abundant amino acids in the human body, and is mostly
synthesized in muscles, where it is used for metabolism. In catabolic metabolism, which
occurs after trauma, sepsis, or major surgery, more glutamine is metabolized than produced.
Therefore, glutamine is categorized as a conditionally essential amino acid [37]. Previous
studies have shown that glutamine-enriched enteral diets reduce infections and length of stay
in patients with moderate-to-severe TBI [38-40]. However, when plasma glutamine levels

are normal, excessive doses have the potential to cause adverse effects [41]. A proper dose of
glutamine is between 0.3 to 0.5 g/kg body weight per day (i.e., 25-50 g/day) for 1 to 2 weeks
during EN and PN [6].

Omega-3 polyunsaturated fatty acids (n-3 PUFA), which include eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), are important for appropriate brain development and
function. DHA is the most abundant n-3 PUFA in the brain and is involved in regeneration
and repair in the central nervous system after TBI [42]. Previous studies showed that n-3
PUFA supplementation may decrease neuroinflammation after brain injury [43,44]; however,
a larger clinical trial demonstrated that the administration of n-3 PUFA had little effect on
quality of life in patients with TBI [45]. So far, there is no conclusive evidence supporting the
use of n-3 PUFA [6]. DHA and EPA have promising effects in experimental studies, but no
clinical data are convincing [46].

L-arginine is the precursor of several active compounds such as nitric oxide, proline,
polyamines, ornithine, creatine, phosphocreatine, and agmatine [47]. Proper arginine
supplementation is associated with improvements in the immune response and protein
synthesis. Critical care formulas including arginine, fish oil, and various antioxidants have
been shown to be effective at reducing infection in brain-injured patients [48].

Previous studies have shown that requirements for branched-chain amino acids (BCAAs;
valine, isoleucine, and leucine) increase or BCAA levels decrease after TBI [49,50]. BCAAs
are essential amino acids that act as important nitrogen donors for glutamate synthesis in
the brain and are essential for neurotransmitter cycling [51]. BCAAs are also used in brain
cells as a fuel source for the tricarboxylic acid cycle. BCAAs also act as major nitrogen donors
through transamination in skeletal muscle. In particular, leucine activates mammalian target
of rapamycin (mTOR) signaling and inhibits adenosine monophosphate kinase (AMPK)
activity to promote protein synthesis and skeletal muscle growth [52]. Previous studies
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showed that intravenous BCAA (e.g., leucine) infusion reduced mortality and post-TBI
disability by enhancing protein synthesis and homeostasis [53,54]. The effects of BCAAs on
outcomes have mainly been studied in patients with severe TBI. Further investigations on the
effect of BCAA supplementation on patients with mild TBI are needed. It is also necessary

to explore the effects of supplementation according to patients’ characteristics, such as age,
sex, cognitive function, and emotional and behavioral state.

Recommendations from recent CPGs: Suggestions for immune-modulating
enteral formulations

The use of an immune-modulating formulation containing arginine or EPA/DHA
supplementation in addition to the standard enteral formula is suggested in patients with
TBI (quality of evidence: very low [ASPEN-SCCM]) [17].

TOPIC 5. DECISION-MAKING ON GLYCEMIC CONTROL:
TIGHT VERSUS PERMISSIVE

Although hyperglycemia after TBI is associated with injury severity and poorer outcomes,
there is no consensus that strict blood glucose control has a positive effect on the outcomes
of patients with TBI [8,55]. Intensive insulin therapy for strict glycemic control has been
reported to increase energy crises in the brain (high lactate-to-pyruvate ratio and excessive
glutamate) and the risk of reduced brain glucose concentration [56]. Hence, avoiding
excessive hyperglycemia (> 10-11 mmol/L) and sustaining “permissive” glycemic control
between 8 to 11 mmol/L are currently recommended [57]. Accumulating data have shown that
during cerebral energetic crises, lactate, ketone bodies, and BCAAs may be favored substrates
to reduce the potential detrimental effects of intensive insulin therapy [6].

Recommendations from recent CPGs: Suggestions for glycemic control in
patients with TBI

The NICE-SUGAR study showed that patients with TBI randomly assigned to intensive
(4.5-6.0 mmol/L) glucose control experienced moderate and severe hypoglycemia more
frequently than the conventional glucose (< 10 mmol/L) control group. However, there was
no significant difference between the two groups in clinically important outcomes [58].
Currently, it is recommended to avoid excessive hyperglycemia (more than 10-11mmol/l) and
to sustain a moderate ‘permissive’ glucose control (8-11mmol/l) [6].

TOPIC 6. PROTEIN SUPPORT IN PATIENTS WITH TBI

The importance of protein goes beyond its role as a simple source of calories. It is the most
important caloric nutrient for the recovery of brain damage, complementation of immune
function, and maintenance of body mass. Most critically ill brain-injured patients have a
high ratio of protein requirements to total energy requirements, and it is difficult to meet
their requirements with general EN. Nitrogen excretion increases independently of the
corresponding supplementation amount, and the steady loss of nitrogen can continue for up
to 4 weeks. Therefore, it is important to maintain protein balance, and it may be difficult to
balance nitrogen even in the post-acute phase [8]. For this reason, protein supplementation
can be helpful in patients with insufficient EN, and regular evaluations of the adequacy of
protein intake are necessary.

https://doi.org/10.12786/bn.2022.15.e4 7/13
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Recommendations from recent CPGs: Determination of adequate protein intake
The ASPEN-SCCM guideline suggests immediate implementation of EN with a high protein
polymeric diet within 24—48 hours of trauma if the patient is hemodynamically stable (quality

of evidence: very low) [17]. Protein requirements are estimated to be in the range 0f1.2-2.0 g/
kg actual body weight per day for trauma patients [17]. This requirement may be even higher

in multitrauma patients. Most experts recommend that for patients with TBI, protein should
account for 15%—-20% of total calories, for which administration of at least 2 g/kg body weight
per day is required [6]. Immune-modulating formulas may be an applicable option for achieving
a sufficient protein supply in order to minimize negative nitrogen balance after TBI [17,59].

UNRESOLVED ISSUES AND FUTURE RESEARCH
DIRECTIONS

Highlights of the topics discussed herein and recent recommendations for nutritional
therapy in patients with TBI are listed in Table 3. Currently, some unresolved issues relate

to a ketogenic diet and micronutrients (i.e., minerals, vitamins, and trace elements). A
medium-chain triglyceride ketogenic diet might have a neuroprotective effect, and lactate
and a ketogenic diet might be an alternative source of energy for patients with TBI [60].
However, related clinical data are insufficient to recommend ketogenic diets as a preferential
nutritional strategy. A previous study showed that intravenous zinc supplementation for

2-4 weeks improved outcomes after TBI [60]. More research is needed to sharpen our
understanding of the effects of zinc supplementation on recovery after TBI. Furthermore,
prior studies demonstrated that intramuscular vitamin-D and vitamin-E injections enhanced
cognitive symptoms and self-reported outcomes 6 months after severe TBI [61,62]. Further
research is needed to clarify the effects of micronutrient supplementation on cognitive and
physical outcomes in patients with TBI.

Table 3. Highlights of the issues and recommendations for nutrition therapy in patients with TBI

Issues

Recommendations

Determination of the energy
expenditure

Delayed gastric emptying and
intolerance to EN

Route and timing of access
in patients who are unable to
maintain volitional intake: EN
versus PN

Selecting immune-modulating
enteral formulas

Glycemic control
Protein support

Increased energy demand after TBI may lead to hypermetabolsim and hypercatabolism which are associated with increased
morbidity and weight loss [15,16].

Indirect calorimetry is the current “gold standard” for the determination of REE in patients with TBI, however, there are
several practical difficulties [17,32]. A published predictive equation or a basic weight-based equation (25-30 kcal/kg/d) is an
alternative measure [17].

Weekly monitoring for weight gain or loss is useful during inpatient rehabilitation [16].

Gastric access is the standard method for initiating EN in patients with TBI. However, delayed gastric emptying is one of the
major complications that may be observed in up to 50% of patients with TBI [6,23].

Proper positioning, continuous infusion, and motility promoting agents such as metoclopramide are recommended strategies
for gastroparesis after TBI. Concentrated enteral formulas (> 1.5 kcal/mL) may reduce the intolerance [20].

Early EN (within 24-48 hours) is recommended in patients with TBI.

Use of supplemental PN be considered after 7-10 days if unable to meet > 60% of energy and protein requirements by the
enteral route alone [17].

If EN is contraindicated in severely malnourished patients, PN should be implemented progressively within 3-7 days, rather
than no nutrition [32].

Immune-modulating formulation containing arginine or EPA/DHA supplementation in addition to standard enteral formula is
suggested in patients with acute TBI [17]. Although not yet suggested in CPGs, previous studies showed that intravenous BCAA
(e.g., leucine) infusion decreased mortality and disability in patients with severe TBI.

Sustaining ‘permissive’ glycemic control between 8 to 11 mmol/l are currently recommended in patients with TBI [57].
Maintaining protein balance during both acute and post-acute TBI is important. It is recommended that protein supply should
account for 15%-20% of total calories, and administration at least 2 g/kg body weight per day in patients with TBI [6].

REE, resting energy expenditure; TBI, traumatic brain injury; EN, enteral nutrition; PN, parenteral nutrition; EPA, eicosapentaenoic acid; DHA, docosahexaenoic
acid; CPG, clinical practice guidelines; BCAA, branched-chain amino acids.

https://e-bnr.org

https://doi.org/10.12786/bn.2022.15.e4 8/13


https://e-bnr.org

bnr

An Evidence-based Summary of Nutrition Therapy in Patients With Neurotrauma Brain & NeuroRehabilitation

The current literature on post-TBI nutritional therapy focuses largely on severe, acute TBI,
making it difficult to generalize the findings to different subgroups, such as patients with
mild or chronic TBI. Moreover, the relationship between nutrition and post-TBI functioning,
and proper strategies to reduce mortality and morbidity have not been elucidated in geriatric
or pediatric populations. Geriatric patients with TBI, on average, experience higher mortality
and morbidity rates, slower recovery, and worse outcomes than younger patients [63]. A
previous study showed that the Geriatric Nutritional Risk Index is a significant independent
risk factor for mortality in geriatric patients with moderate to severe TBI [64]. Although
malnutrition is closely related to poor outcomes during hospitalization in geriatric patients,
it remains common and underdiagnosed [65]. Furthermore, nutrition is important in
pediatric TBI for adequate repair and growth [20]. More high-quality evidence is needed to
guide decision-making for clinical practice specific to geriatric or pediatric patients with TBI.

SUMMARY

Evidence-based and timely nutritional therapy is important in the management of TBI to
improve patients’ prognoses. The determination of REE is crucial, and indirect calorimetry

is the current “gold standard” for the determination of REE in patients with TBI; however,
due to several practical difficulties, using a published predictive equation or a basic weight-
based equation is an alternative measure. Weekly monitoring for weight gain or loss is useful
during inpatient rehabilitation. Early EN within 24-48 hours is beneficial. However, attention
should be paid to delayed gastric emptying and strategies need to be discussed. IfEN is
contraindicated, PN should be given progressively within 3-7 days rather than no nutrition.
An immune-modulating formulation containing arginine or EPA/DHA supplementation in
addition to a standard enteral formula is suggested in patients with acute TBI. Intravenous
BCAA (e.g., leucine) infusion may reduce mortality and disability in patients with severe TBI,
but this possibility needs further investigation. Sustaining “permissive” glycemic control
between 8 and 11 mmol/L and providing an adequate protein supply (15%—-20% of total
calories or administration at least 2 g/kg body weight per day) are currently recommended

in patients with TBI. Ketogenic diets and micronutrients (i.e., minerals, vitamins, and trace
elements) are unresolved issues and need future research. Furthermore, the relationship
between nutrition and post-TBI functioning, as well as proper strategies to improve outcomes
in different sub-groups, such as patients with mild TBI, chronic patients, geriatric patients,
and pediatric patients with TBI need to be explored.
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