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ABSTRACT

Traumatic brain injury (TBI) is a global health and socio-economic problem, resulting

in significant disability and mortality. Malnutrition is common in TBI patients and is
associated with increased vulnerability to infection, higher morbidity and mortality rates,

as well as longer stays in the intensive care unit and hospital. Following TBI, various
pathophysiological mechanisms, such as hypermetabolism and hypercatabolism, affect
patient outcomes. It is crucial to provide adequate nutrition therapy to prevent secondary
brain damage and promote optimal recovery. This review includes a literature review and
discusses the challenges encountered in clinical practice regarding nutrition in TBI patients.
The focus is on determining energy requirements, timing and methods of nutrition delivery,
promoting enteral tolerance, providing enteral nutrition to patients receiving vasopressors,
and implementing trophic enteral nutrition. Enhancing our understanding of the current
evidence regarding appropriate nutrition practices will contribute to improving overall
outcomes for TBI patients.

Keywords: Traumatic brain injury; Nutrition therapy; Enteral nutrition; Parenteral nutrition

INTRODUCTION

Traumatic brain injury (TBI) is a significant cause of death and severe disabilities. Globally, there
are approximately 69 million cases of TBI each year, with over 24,000 cases reported in Korea.”*”

Following TBI, hypermetabolism and hypercatabolism occur due to the excessive secretion

of endogenous catabolic hormones like catecholamines and corticosteroids. This leads to
hyperglycemia, loss of lean body mass, and increased energy expenditure.'>?**'#) These metabolic
changes can result in immune depression, heightened susceptibility to infections, increased
morbidity and mortality rates, and prolonged stays in the intensive care unit (ICU) and hospital.?>
Consequently, optimal nutritional therapy is crucial for improving outcomes. However,
approximately 68% of patients experience malnutrition within 2 months of head injury.?
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Despite extensive research on optimal nutritional therapy for TBI, the best approach remains
unknown. This review aims to synthesize previous research findings and current clinical
practice guidelines to summarize the challenges and issues surrounding nutritional therapy.
By comprehensively incorporating previous studies and recent clinical practice guidelines, this
review aims to provide insights into the optimal nutritional therapy for patients with TBI.

DETERMINATION OF ENERGY REQUIREMENTS

Previous studies have shown that severe trauma induces hypermetabolism and a catabolic
state. The metabolic changes following TBI lead to an increased energy demand, which

can range from 87% to 200% above usual values.? Resting energy expenditure reaches its
peak within 4-5 days after trauma and remains elevated for 9-12 days.?®) However, accurately
predicting energy requirements in the acute phase can be challenging due to various factors,
including the patient's body temperature, accompanying injuries, infection, and the use of
mechanical ventilation, sedatives, and muscle relaxants. To evaluate energy requirements,
The American Society for Parenteral and Enteral Nutrition-Society of Critical Care Medicine
(ASPEN-SCCM) and The European Society for Clinical Nutrition and Metabolism (ESPEN)
recommend using indirect calorimetry whenever possible.?* Indirect calorimetry provides a
more accurate assessment. In cases where indirect calorimetry is not available, ASPEN-SCCM
suggests using published predictive equations such as the Harris-Benedict, Ireton-Jones,
Penn State, Mifflin-St. Jeor equations, or a basic weight-based equation (25-30 kcal/kg/day)
to estimate energy requirements.>?

TIMING AND ROUTES OF NUTRITION

Timing of initiation: early versus delayed

There is currently no Class I evidence available on optimal nutrition timing in TBI due to
ethical concerns. However, several studies have indicated that early nutrition may lead to
better outcomes.

A Cochrane review suggests that early feeding in head-injured patients may be associated
with a lower risk of infections and a potential improvement in outcomes.>?

Hartl et al.’® demonstrated that patients who did not receive nutrition within 5 to 7 days after
TBI had a significantly higher likelihood of death, while any nutrition within the first 5 days
after TBI reduced the mortality rate. Furthermore, a decrease of 10 keal/kg in caloric intake
was associated with a 30%—40% increase in mortality.’ Chourdakis et al.? found that early
enteral feeding within 24 to 48 hours after TBI may improve the hormonal profile by reducing
the downregulation of thyroid-stimulating hormone, thyroid hormones, and testosterone,
which could attenuate the catabolic response.

Based on these findings, the Brain Trauma Foundation recommends providing basal caloric
replacement to TBI patients by the 5th day post-injury, with a maximum delay until the 7th
day.” Both the ASPEN-SCCM and ESPEN guidelines also recommend initiating early enteral
nutrition (EN) within 2448 hours in critically ill patients if oral intake is not possible.?*)
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TABLE 1. Advantages and disadvantages of nutritional routes

Nutritional routes Detail
Enteral nutrition
Advantages Physiological route
Cheaper

No venous access required
Safer and lower infection risk
Maintenance of the integrity of the intestinal epithelium
Promotion of an adequate IgA secretion
Maintenance of the intestinal microbiome diversity
Disadvantages Dependent of gastrointestinal function
Feeding intolerance
Frequent interruptions and suboptimal delivery rate
Risk of pneumonia
Parenteral nutrition
Advantages Early calorie intake
No dependence on gastrointestinal function
Less interruptions
Disadvantages Unphysiological route
Expensive
Requires venous access
More risk of catheter-related infection
Hyperglycemia
Hypercholesterolemia
Abnormalities in liver function tests

IgA: immunoglobulin A.

Routes of nutrition: EN versus parenteral nutrition (PN)

Several studies have demonstrated the advantages of EN compared to PN in various
aspects, including preserving gut integrity, immune response, reducing infection rates, and
shortening the length of stay in the ICU (TABLE 1).10:1213:3339)

The intestine plays a crucial role in regulating the mucosal immune response by producing
and secreting secretory immunoglobulin A through the gut-associated lymphoid tissue.?*

Lack of enteral stimulation can lead to increased pro-inflammatory cytokines in the intestine,
apoptosis, loss of tight junction proteins, dysfunction of the epithelial barrier, and alterations
in the intestinal microbiome. Disruption of the intestinal epithelium, both functionally and
anatomically, contributes to an increased risk of nosocomial infections, prolonged hospital
stays, and higher mortality rates.'*'”*> Therefore, PN, which bypasses a non-functional
gastrointestinal tract, does not preserve the intestinal epithelial barrier and carries a higher
risk of infection compared to EN.

However, there are certain situations in which EN should be withheld, including cases of
hemodynamic instability, uncontrolled life-threatening hypoxemia, hypercapnia or acidosis,
active gastrointestinal bleeding, and overt bowel ischemia.?”® EN, by increasing mesenteric
blood flow, can elevate the oxygen demand on the intestine, thereby posing risks of bowel
ischemia, necrosis, and perforation in hemodynamically unstable patients.? Therefore,
both the ASPEN-SCCM and ESPEN guidelines recommend EN over PN for hemodynamically
stable patients.?”*)
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DECISION-MAKING FOR EN

Facilitating enteral tolerance

Despite the advantages of EN and recommendations for its use over parenteral nutrition

PN, implementing EN in critically ill patients, especially those with TBI, can be challenging.
It is common for EN in TBI patients to be associated with underfeeding and consequent
malnutrition due to gastrointestinal (GI) intolerance and interruptions in EN delivery.
Previous studies have reported that more than 30% of TBI patients do not receive sufficient
enteral caloric intake, even in experienced and motivated intensive care units.? In patients
with TBI, interruptions in feedings are common, with only 58% and 53% of energy and
protein requirements, respectively, being met, despite the majority of patients being enterally
fed,” Additionally, approximately 50% of TBI patients experience intolerance to EN.>%

Several factors contribute to EN intolerance in TBI patients, including delayed gastric
emptying due to elevated intracranial pressure, autonomic nervous system damage, and
medications such as narcotics or pentobarbital. Delayed gastric emptying can result in large
gastric residual volumes, increasing the risk of aspiration pneumonia.

To improve feeding tolerance in TBI patients, various strategies can be employed. First,
elevating the head of the bed by 30 to 45 degrees helps reduce reflux of gastric contents and
prevent aspiration pneumonia.’® Second, transgastric jejunal feeding can decrease reflux

and the incidence of ventilator-associated pneumonia.** Third, continuous infusion of EN

has been found to be better tolerated and has a positive effect on nitrogen balance, reducing
hypercatabolic response and maintaining total body protein compared to intermittent EN and
PN.2%) Fourth, the use of concentrated enteral formulas (>1.5 kcal/mL) can provide the required
calories with less volume, reducing reflux. Finally, promotility agents such as metoclopramide
or erythromycin may be considered to enhance GI motility and improve EN tolerance.®*%2%3)

These strategies aim to optimize EN delivery and minimize GI intolerance in TBI
patients, ensuring they receive adequate nutrition to support their recovery and minimize
complications.

Safety and tolerance of EN for patients receiving vasopressor

Ischemic bowel is a rare but potentially life-threatening complication associated with EN,
with a high mortality rate.”® The use of vasopressors, especially those with strong alpha-1
antagonism, can affect EN tolerance by reducing GI blood flow and splanchnic perfusion in a
dose-dependent manner. However, there is limited research on the safety and tolerability of
EN in patients requiring intravenous vasopressor support, making it difficult to estimate the
risk of intestinal ischemia when combining different types of vasoactive drugs.*”

A randomized clinical trial comparing EN versus PN in ventilated patients receiving vasopressor
support showed a higher risk of bowel ischemia and colonic pseudo-obstruction in the EN
group compared to the PN group.>® However, there is also evidence suggesting that EN can be
feasible in patients receiving vasopressors and may be associated with shorter ICU length of
stay, lower need for renal replacement therapy, and decreased hospital mortality.*>?)

Although there is currently no definitive guideline regarding the safe dose of vasopressors to

initiate EN, some studies have reported certain dose ranges that are generally considered safe
in terms of EN tolerance. For example, norepinephrine equivalents less than 0.14 mcg/kg/
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min or <12.5 mcg/min, dopamine at a dose of 3-10 mcg/kg/min, and dobutamine at a dose of
12 mcg/kg/min have been suggested as safe thresholds for EN initiation."?>

It is important to note that the decision to initiate EN in patients receiving vasopressor support
should be made on an individual basis, considering the patient’s clinical condition, hemodynamic
stability, and the presence of any contraindications or potential risks. Close monitoring and
collaboration between the nutrition support team, critical care team, and gastroenterology
specialists are essential in managing EN in patients requiring vasopressor support.

Trophic EN

Previous studies have indicated that providing more than 50% to 65% of the goal energy

may be necessary to prevent intestinal permeability and systemic infection."”*) Trophic EN,
typically defined as providing 1020 kecal/hour, may be sufficient to prevent mucosal atrophy
and maintain gut integrity. A single-center retrospective study focused on the effect of early
trophic EN in mechanically ventilated patients with septic shock. The study found that
patients who received less than 600 kcal/day within 48 hours (considered trophic EN, defined
as 10 to 30 mL/h) had a shorter duration of mechanical ventilation and reduced length of stay
without an increased risk of complications, compared to patients who did not receive EN or
received 600 kcal/day or more within 48 hours.

These findings suggest that initiating trophic EN early on in critically ill patients, even at a
low caloric intake, can have beneficial effects on clinical outcomes. However, it is important
to note that individual patient factors and specific clinical contexts should be considered
when determining the appropriate nutrition strategy, and further research is needed to
establish optimal feeding practices in different patient populations.

CONCLUSION

Timely and effective nutritional therapy is essential in the management of TBI to improve
patient outcomes. Accurately predicting energy requirements can be challenging, but indirect
calorimetry is the preferred method, while published predictive equations or weight-based
equations can be used as alternatives.

Early EN within 24-48 hours of trauma is recommended for hemodynamically stable TBI
patients and has been associated with better outcomes. EN is preferred over PN due to

its advantages in preserving gut integrity, immune response, reducing infections, and
shortening ICU stays. However, EN should be withheld until patients are hemodynamically
stable to avoid complications.

Implementing EN in TBI patients can be challenging due to factors like delayed gastric
emptying and interruptions. Strategies to improve enteral tolerance include elevating the
head of the bed, transgastric jejunal feeding, continuous infusion of EN, using concentrated
formulas, and promotility agents.

The use of vasopressors can affect GI blood flow, and their impact on EN tolerance requires

further investigation. Trophic EN, with low-calorie intake, can be considered for patients
with enteral intolerance.
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TABLE 2. Recommendations for nutrition therapy in TBI

Issues

Recommendation

Energy expenditure

Timing and routes of nutrition

Facilitating enteral tolerance

Safety and tolerance of EN for
patients receiving vasopressor

Indirect calorimetry is the gold standard for the determination of energy requirements

If indirect calorimetry is not available, a published predictive equation or a basic weight-based equation can be applied
Feeding patients to attain basal caloric replacement at 5 to 7 days after TBI

Initiating early EN within 24 to 48 hours instead of delaying enteral nutrition

The use of EN over PN is recommended for hemodynamically stable patients

Elevating the head of the bed by 30 to 45 degrees to prevent aspiration pneumonia

Transgastric jejunal feeding reduce the incidence of ventilator-associated pneumonia

Promotility agents such as metoclopramide or erythromycin may be considered

It is unclear that the safe dose of vasopressor to initiate EN

TBI: traumatic brain injury, EN: enteral nutrition, PN: parenteral nutrition.

https://kjnt.org

TABLE 2 summarizes the recommendations for nutrition therapy in TBI patients.

While there are recommendations for nutrition therapy in TBI, further studies are needed to
identify the best approaches to improve outcomes in these patients.
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