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Introduction

According to the epidemiological data provided by the
Centers for Disease Control and Prevention, traumatic brain
injury (TBI) affects 315,979 children between 0 to 4 years of
age and 475,876 adolescents (15–24 years old) annually with
a male preponderance.1 Pediatric TBI (PTBI) poses unique
challenges when it comes to nutritional care. These children
often have increased metabolic demands, resulting in
increased energy expenditure. Accurately evaluating their
caloric and protein requirements is critical to prevent mal-
nutrition.2 Malnutrition can lead to multiple problems in-
cluding prolonged hospital stay, increased risk of infection,
and delayed wound healing.3 Some of the hurdles in

nutrition in PTBI encompass the management of the hyper-
catabolic state, preventing malnutrition, calculating the
nutritional requirement and the energy expenditure, deter-
mining the optimal mode and timing of nutritional therapy,
addressing long-term complications, guiding the family for
post-discharge nutritional support, etc.4 Such complexity
necessitates a multidisciplinary approach involving collabo-
ration among dieticians, physicians, nursing staff, and reha-
bilitation specialists.5 The scarcity of current literature
focusing specifically on PTBI patients makes the job further
difficult for all the members involved in managing such
patients.6 In multiple clinical contexts, physicians need to
resort to data derived from adult TBI studies tomanage PTBI.
This review specifically addresses nutrition in PTBI, which is
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Abstract Traumatic brain injury (TBI) stands as the leading cause of morbidity and mortality
among children, as evidenced by the most contemporary statistics. Undernutrition in
pediatric TBI (PTBI) leads to increased mortality, heightened infectious complications,
and more severe neurological consequences. Therefore, timely and effective nutrition-
al therapy is crucial in managing PTBI to improve patient prognosis and outcomes.
Limited investigations have been conducted on the nutritional requirements specific to
these patients and management often relies on data from adults with TBI for guidance.
We have meticulously searched different databases to compile a broad range of the
most up-to-date clinical research. This review analyses the challenges associated with
providing nutritional support to children with TBI and provides a clearer understanding
of the current evidence-based recommendations for optimal nutritional therapy. The
review primarily focuses on recommendations and suggestions for energy require-
ments, nutritional assessment, initiation of nutrition, various feedingmethods offered,
identification of malnutrition, the impact of malnutrition on patient outcomes, and
areas of further research.
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distinct from adult TBI. We aimed to explore existing knowl-
edge gaps and areas that require further exploration. We
have therefore conducted this review, which will guide the
care providers in offering effective nutritional therapy to
PTBI patients.

Methods

Search Strategy
A thorough literature search was conducted using relevant
keywords—“pediatric,” “traumatic brain injury,” “pediatric
traumatic brain injury,” “nutrition,” “dietary management,”
“nutrition therapy,” “energy requirement,” “metabolic de-
mand,” “nutritional support,” “pediatric critical care nutri-
tion,” “gut microbiome,” “glycemia,” “glycemic control,”
“pediatric critical care,” and “child” and their synonyms
across PUBMED, Google Scholar, SCOPUS, MEDLINE (OVID),
EMBASE, and Cochrane library databases. To ensure that we
capture all relevant research studies, we have examined the
reference lists of the chosen studies and review articles.
Additionally, a manual Google search was conducted to
ensure that potential studies that might not be indexed in
traditional academic databases are not missed. Inclusion
criteria for the literature review were studies published in
English, involving pediatric patients (age 0–18 years) diag-
nosed with TBI. We have additionally explored the Neuro-
trauma Reviews in the Global Evidence Mapping Initiative,
and Evidence Reviews in Acquired Brain Injury databases to
find relevant latest guidelines, systematic reviews, meta-
analyses, and randomized controlled trials (RCTs). In a few
areas where relevant pediatric studies are not found, adult
studies have been cited.

Discussion

Metabolic Demand after TBI
Resting energy expenditure (REE) refers to the amount of
energy an individual’s body expends while at rest. Trauma
triggers a multitude of inflammatory and hormonal changes
in the body, leading to an increased secretion of cortico-
steroids, catecholamines, counterregulatory hormones such
as IGF-1 (insulin-like growth factor), growth hormone, cyto-
kines, etc.7 Previous data suggested that this inflammatory
cascade can result in hypermetabolism, raising the body’s
energy demand by 87 to 200% above normal levels.8 Factors
like agitation, increasedmuscle tone, sweating, and fever can
elevate REE further, potentially up to 250%.9 However, those
studies were performed in an era when neuroprotective
interventions were not widely practiced in the neurocritical
care setting. Studies conducted in children with severe TBI
under controlled conditions have revealed lower than
expected REEs of up to 70 to 80%.10 This suggests that
although TBI increases metabolic demands, current neuro-
critical care practices like sedation, temperature control,
intravenous (IV) anesthetic agents, and neuromuscular
blocking agents largely mitigate this hypermetabolic
response.11

Assessment of Energy Requirement in PTBI
American Society for Parenteral and Enteral Nutrition (AS-
PEN), the Society of Critical Care Medicine (SCCM), and the
European Society for Clinical Nutrition and Metabolism
(ESPEN) recommend using indirect calorimetry (IC) for
assessing energy requirements whenever possible.12,13 De-
spite being the most accurate method, IC is not widely used
in pediatric intensive care units (PICUs) due to its cost,
complexity, limited availability, and the lack of appropriately
validated equipment. Ventilator settings in some critically ill
children with TBI may necessitate delaying the IC test until
their breathing stabilizes.14

In the absence of IC, predictive equations are used to
estimate REE, but their accuracy is limited by injury severity
and inflammation, potentially leading to over- or underfeed-
ing. 15 Commonly used predictive equations are Harris–
Benedict, World Health Organization, Fleisch equation, Cald-
well–Kennedy, Schofield, and basic weight-based equations
(25–30 kcal/kg/day),which arementioned in►Table 1.15,16A
recent systematic review evaluated 21 equations and found
none could predict REE within a 10% range of measured
energy expenditure. 16 The Harris–Benedict equation over-
estimated REE in the majority of the patients while the
Schofield equations and Talbot tables were found to be least
inaccurate.15,16 They have also reiterated the pressing need
for a new validated IC device in critically ill pediatric
patients.17 However, till now there is no data to conclude
if the use of IC improves patient outcomes. The European
Society of Pediatric and Neonatal Intensive Care (ESPNIC)
recommends using the Schofield equation to estimate REE;
however, any specific recommendation for PTBI is not
available.18

Energy requirements may vary during acute and chronic
phases following PTBI. 15 REE peaks within 4 to 5 days post-
trauma and stays high for 9 to 12 days.19 Therefore, targeting
slightly less than the estimated energy requirement in the
initial phase and subsequent gradual up-titration may be
prudent.20 Patients should achieve basal caloric replacement
between the 5th and 7th day post-injury, as per the Brain
Trauma Foundation (BTF) guidelines.21

Researchers are exploring a new strategy called permis-
sive underfeeding to potentially improve outcomes in PTBI2:
providing reduced calorie intake (hypocaloric feed) initially,
i.e., only 50% of energy needs in the first 24hours, then it is
gradually increased to 25 to 30 kcal/kg/day within the first
2 weeks. The calorie requirement again starts to increase up
to 30 to 60% during the rehabilitation phase.12,22

Assessment of Nutritional Status
TBI in children disrupts metabolism, raising nutrient needs
and altering body composition, increasing the risk of malnu-
trition.23 To identify malnutrition in these vulnerable
patients, a comprehensive assessment is the key.24 This
holistic approach includes a thorough medical history,
examination of consciousness, swallowing ability, gastroin-
testinal (GI) issues, detailed evaluation of dietary intake, and
assessment of growth trends and nutritional status.12
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Anthropometry (measuring body size and proportions) is
a fundamental way to assess a child’s nutritional health. The
Academy of Nutrition and Dietetics, ASPEN and WHO rec-
ommended the use of z-scores for weight-for-height, weight-
for-age, height-age, mid-upper arm circumference, and body
mass index to diagnose undernutrition in children.12,25

While various age-based formulas exist for weight estima-
tion in emergencies, the Broselow tape is another instrument
to have a rough estimate of weight. Studies reveal the
PAWPER XL tape as the most accurate tool for South African
pediatric emergencies, with modifying the Broselow tape
for body type offering minimal improvement.26 However,
anthropometry alone cannot capture all aspects of nutrition-
al parameters and detect malnutrition.27

Commonly used pediatric nutrition screening tools are
presented in ►Table 2.28–30 A good correlation between the
Screening Tool Risk on Nutritional Status (STRONGkids) tool
and anthropometric bodymeasurements has been found.30,31

A recent study suggested that the Pediatric Yorkhill Malnutri-
tion Scale and Pediatric Nutritional Screening Tool have high
sensitivity for malnutrition risk assessment in pediatric inpa-
tients.32 There exists no specific preferred tool for PTBI.

Biochemical markers such as serum albumin, prealbu-
min, C-reactive protein, and total lymphocyte count can be
used as rough, nonspecific markers for gauging the child’s
current nutritional status, particularly when physical
examinations alone may not suffice.33 While the param-
eters outlined provide a preliminary assessment, a compre-
hensive evaluation of nutritional status necessitates a more
comprehensive approach due to inherent limitations.25

There is a recent interest in the application of ultrasound
and computed tomography to assess muscle thickness,
mass, and density.34 Although promising, these methods
have not yet been widely used in clinical settings and are
not well-validated yet.35

Early versus Late Initiation of Nutrition
While studies suggest that the timing of nutritional support
significantly affects outcomes in adults with TBI, there is
limited evidence demonstrating the same impact in critically
ill children with severe TBI.36 The BTF guidelines suggest the
commencement of enteral nutrition (EN) delivery within
72hours of the injury.21TheASPEN, ESPEN, and SCCMpropose
that nutrition support through EN should commence within
the initial 24 to 48hours after admission in patients with
PTBI.12,13 Based on these findings, the BTF recommends
beginning basal caloric replacement within 5 days of the
injury, but no later than day 7.21 Although the study used
for synthesis of the evidence in the BTF guidelines demon-
strated meaningful outcomes, it was not known if the early
nutrition or the lower severity of the injury, which allowed
early EN, was the main contributor.20,37,38

A study found significantly higher mortality in PTBI
patients not fed within 5 to 7 days post-injury.20 Every
10 kcal/kg decrease in caloric intake over the first 5 days
increased mortality rates by 30 to 40%.2,39 Early EN is
associatedwith a favorable outcome in PTBI.37,38 A Cochrane
review in pediatric critically ill children found that early
feeding in PTBI decreases the risk of infections and translates
into better outcomes.40 It has also been shown that in adults

Table 1 Pediatric resting energy expenditure equations used in PICU

Energy expenditure equations Formulas

Harris–Benedict equation Boy
REE¼66.47þ13.75�Wþ5�H�6.755�A
Girl
REE¼655.1þ9.563�Wþ1.85�H�4.676�A

Mehta equation REE¼5.534�VCO2 �1,440

Fleisch equation Boys
1–12 yrs old: 24�BSA� (54� 0.885�A)
13–19 yrs old: 24� BSA� {42.5� [0.643� (A� 13)]}
Girls
1–10 yrs old: 24� BSA� [54� (1.045� A)]
11–19 yrs old: 24�BSA� {42.5� [0.778� (age�11)]}

Caldwell–Kennedy equation REE¼22þ (31.05�W)þ (1.16�A)

Schofield equation Age Girls Boys
<3 years 58.317�W�31.1 59.512�W� 30.4

3–10 years 20.315�Wþ485.9 22.706�Wþ504.3

10–18 years 13.384�Wþ 692.6 17.686�Wþ 658.2

WHO equation Boys
3–10 years REE¼ (22.7�W)þ 495
10–18 years REE¼ (17.5�W)þ 651
Girls
3–10 years REE¼ (22.5�W)þ 499
10–18 years REE¼ (12.2�W)þ 746

Abbreviations: A, age (in years); BSA, body surface area; H, height (in cm); REE, resting energy expenditure (kcal/d); VCO2, volume of carbon dioxide
elimination; W, weight (in kg).
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early EN within 72 hours after TBI positively influences the
hormonal profile.41

Routes and Types of Nutrition
Nutritional delivery mode is dependent on the medical
conditions, severity of the injury, and required length of
nutritional support.39 If airway protective reflexes and sen-
sorium are intact, the treating team may start oral feeding.
Mechanical feeding may be required for PTBI patients
with difficulty swallowing and with altered levels of
consciousness.42

However, patients with moderate to severe TBI may
require other modes of feeding. Whenever feasible EN is
preferred over parenteral nutrition (PN) and is recom-
mended by PTBI guidelines.12,43 EN helps prevent intestinal
mucosa atrophy, stimulates secretion of digestive enzymes,
improves immune function, and prevents bacterial translo-
cation, even if it does notmeet the patient’s total daily caloric
needs.38 Such low-volumeEN is often termed trophic feeding
for its “trophic” effect on the intestinal mucosa.39 Blender-
ized food and milk-based (or lactose-free) polymeric feeds
containing whole protein are recommended over predi-
gested elemental or semi-elemental formulas containing

short peptides or free amino acids. Peptide-based formula-
tions may be considered if polymeric feeds are not tolerat-
ed.18 The pros and cons of EN versus PN are described
in ►Table 3.44

While gastric feeding is the first choice, for patients with
feeding intolerance and a high risk of aspiration, small bowel
feeding (nasoduodenal or naso-jejunal) or trans-gastric in-
testinal feeding can be alternatives, potentially lowering the
risk of ventilator-associated pneumonia.39 Meert et al found
those receiving small bowel feeding achieved a higher per-
centage of their daily calorie needs compared with gastric
feeding.45 However, for most patients gastric feeding is
equally safe as compared with post-pyloric feeding.46

The pattern of feeding can be bolus/intermittent or con-
tinuous. Cyclical feeding can be achieved by providing EN
with a feeding pump for less than 24hours and around
8hours of break time.47 The difference between bolus and
intermittent feeding is the delivery time: intermittent feed-
ing delivers over 20 to 60minutes every 4 to 6 hours, while
bolus feeding is provided over a short period at fixed
intervals.48 Sufficient research exploring the effect of cyclical
and intermittent versus bolus feeding techniques is not
available in PTBI. Although most guidelines recommend

Table 2 Pediatric nutritional screening tools for detection of malnutrition

Screening tools Parameters Advantages Disadvantages High nutritional
risk score

PNRS • Weight loss
• Food intake<50%
• Feeding interference

It takes into account several
parameters

Time-consuming and
depends on subjective
criteria,

�3

STAMP • Weight, height
measurement

• Nutritional intake

Multidimensional, considers
medical and anthropometric
factors

Not widely validated,
complex scoring

�4

PSGNA • Dietary intake
• Gastroenterological

functional ability
• physical examination of

clinical status

Considers history, physical
exam, anthropometry

Time-consuming,
requires trained
clinician

�4

STRONGkids • Reported recent weight
loss/gain

• Nutritional and impaired
intake

Considers dietary intake,
clinical factors, and
anthropometry

Limited research on its
use in PICU

�3

PMST • Weight, height, and BMI
• Food intake

Simple easy method Time-consuming �4

PYMS • BMI
• <2% percentile changes in

nutritional intake

Simple, quick, readily
available

Lacks validation in spe-
cific pediatric critical
care populations

�2

PNRI • Weight loss
• BMI
• Food intake
• Stress factor

The objective considers
disease severity and
nutritional risk factors

Does not assess current
nutritional status

�3

PeDiSMART • WFA (z score)
• Nutritional intake
• Disease Impact

High reproducibility,
time-saving

Limited validation
studies

�4

Abbreviations: BMI, body mass index; PediSMART, Pediatric Digital Scaled Malnutrition Risk Screening Tool; PICU, pediatric intensive care unit; PNRS,
Pediatric Nutritional Risk Score; PSGNA, Pediatric Subjective Global Nutritional Assessment; PYMS, Pediatric Yorkhill Malnutrition Score; STAMP, Screening
Tool for the Assessment of Malnutrition in Pediatrics; STRONGKid, Screening Tool Risk on Nutritional Status and Growth; WFA, weight for age.
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continuous EN over intermittent feeding, a recent meta-
analysis has failed to demonstrate any meaningful outcome
difference between these two methods.49 ESPNIC also con-
cluded that there is insufficient evidence to prefer the
continuous feeding technique over the intermittent/bolus
technique.18

The rate of PNadministration inTBI is low. Generally, EN is
the mainstay of feeding in PTBI and has to start within
24 hours of admission unless contraindicated.50 PN should
be started if a patient with low nutrition risk cannot meet
over 60% of energy and protein requirements via ENwithin 7
to 10 days.51 PN is preferred in cases of hemodynamic
instability, high nutritional demand, active GI bleeding,
and overt bowel ischemia. For children with high nutrition
risk malnutrition, start total PN as soon as possible after
resuscitation if they cannot use the GI tract formore than 3 to
5 days.52 The mechanism of harm from ultra-early PN is not
clear but established. Partial PN is used when EN is partially
feasible.52 There is ongoing research regarding the timing of
PN in childrenwith TBI.53 Starting PN (often before 3 days) is
linked to longer hospital stays and a higher risk of compli-
cations.53,54 The Early versus Late Parenteral Nutrition in the
Pediatric Intensive Care Unit (PEPaNIC) trial which included
8% of TBI patients showed benefits of late PN over early PN.43

Composite lipid emulsions, with or without fish oil, are the
preferred choice of PN.54 The flow diagram in ►Fig. 1

describes a tentative nutritional management plan in PTBI.

Macronutrients
PTBI patients require 40 to 60% carbohydrates, and 15 to 30%
protein for the total energy requirement.12,55 Different
carbohydrates are monosaccharides (glucose, fructose),
oligosaccharides (lactose, mannose, dextrins), and polysac-
charides (starch). In addition, 0.7 to 14 g/kg/day glucose
suffices the basal energy requirement. 39 A minimum of
1.5 g/kg/day protein is required to avoid negative nitrogen
balance.12 However, the dose should not cross 3 g/kg/day in
neonates and infants and 2 g/kg/day in stable adolescents.18

Additional protein or amino acid intake is not beneficial.
Lipids shall provide 25 to 50% of nonprotein calories, which
equals 20 to 30% of the whole energy delivery. The recom-
mended dose is 1 to 3 g/kg/day in preterm and term infants
may require up to 4 g/kg/day.56

Glycemic Control and Energy Utilization by the Brain
Hyperglycemia is a common stress response in PTBI and is
linked to increased morbidity and mortality.57 Cochran et al
found that PTBI with blood glucose levels �300mg/dL at
admission had an increased risk of death.58 Similarly, pro-
longed periods of high blood glucose levels in PTBI have been
related to cognitive deterioration, an elevated rate of seiz-
ures, infections, and prolonged hospital admissions.59,60

Hypoglycemia also has a negative impact on pediatric
patients leading to compromised recovery trajectories, esca-
lated mortality risks, and prolonged hospitalizations.61 In-
tensive glycemic control increases the risk of hypoglycemia
like in adults, indicating potential harm. Maintaining mod-
erate glycemic control (8–11mmol/L) is recommended in
critically ill children with PTBI.62 PN increases hyperglyce-
mia risk compared with EN, but the feeding route minimally
impacts early inflammation or clinical outcomes in critically
ill patients.51 Due to a lack of prospective studies investigat-
ing the relationship between blood sugar control and out-
comes in children with TBI, it is unclear whether strictly
managing blood sugar levels improves their chances of
recovery.57

Researchers have lately investigated the role of lactate as
an alternative energy substrate for the brain after TBI in
adults. It has been found that hyperlactatemia in the context
of TBI may not always result in acidosis and is not always a
result of hypoperfusion.63 The brain may utilize lactate
to maintain its enhanced metabolic requirements. That has
led to using hypertonic lactate as an alternative to mannitol
or hypertonic saline, to improve the metabolic functions of
the brain. Still, no significant studies have been done on
pediatric TBI.64

Table 3 Enteral versus parenteral nutrition in PTBI

Nutrition Advantages Disadvantages

Enteral nutrition • Physiological route
• Lower infection risk
• Maintenance of the integrity of the gut
• Avoid muscle atrophy
• Stimulates hormone secretion, motility, and

microbiome diversity

• Dependent on gastrointestinal function
• Feeding intolerance
• Frequent interruptions, continue monitoring, and

ensure optimal delivery rate
• Risk of aspiration

Parenteral nutrition • Early calorie intake
• Fewer interruptions
• Delivery of optimal calorie requirement

• Nonphysiological route
• Expensive
• Requires central venous access
• More risk of catheter-related infection
• Hyperglycemia
• Hypercholesterolemia
• Hepatic dysfunction
• Cholestasis
• Cardiac dysfunction
• Dyselectrolytemia

Abbreviation: PTBI, pediatric traumatic brain injury.
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Fig. 1 Nutrition management in PTBI. CRP, C-reactive protein; EE, energy expenditure; EN, enteral nutrition; GRV, gastric residual volume; IC,
indirect calorimetry; MUAC, measuring mid-upper arm circumference; NGT, nasogastric tube; NICU, neuro-intensive care unit; NRS, nutritional
risk score; PN, parenteral nutrition; PPN, partial PN; PTBI, pediatric traumatic brain injury; PYMS, Pediatric Yorkhill Malnutrition Screening;
STRONGKids, Screening Tool Risk On Nutritional Status and Growth; TLC, total leukocyte count; TPN, total PN; weight for age; weight for height;
WA, Weight for age; WH, Weight for height.
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Role of Immunonutrition
Immunonutrition, also known as immune-enhancing nutri-
tion therapy, incorporates specific supplements like arginine,
glutamine, omega-3 fatty acids, nucleotides, and antioxidants
like copper, selenium, zinc, B vitamins, vitamin C, and vitamin
E in regular diet.65 The role of immunonutrition in PTBI has
beenreportedsparingly. Thereare fewRCTs inPTBI, comparing
the role of immunonutrition with a normal diet.63,66 Immu-
nonutrition was found to improve various nutrition and
inflammatory indices in children with severe head injury;
however, it was not associated with additional advantages in
morbidity or mortality.63 Conflicting results exist, with some
trials linking immunonutrition to increased mortality in se-
vere sepsis cases. Immunonutrition might increase coloniza-
tion and infection rates in critically ill PTBI and has highlighted
the need for age-specific formulas.66

Guidelines for managing severe TBI do not universally
recommend immune nutrients. Pediatric TBI guidelines also
advise against their use.21 A very recent pilot RCT has shown
some evidence that branched-chain amino acid supplemen-
tationmay have a beneficial role in PTBI.67 A proposedmeta-
analysis is underway which may clarify its efficacy, safety,
and relevance in PTBI.68

Barriers to Early Nutritional Therapy
Providing adequate EN proves challenging for children with
severe TBI. These patients are more likely to experience
delays in starting EN, often leading to insufficient deliveries

of essential macronutrients during their stay in the PICU.69

Several factors directly connected to the secondary compli-
cations, such as cognitive impairments, difficulty swallow-
ing, coordinationproblems, or diminished consciousness, are
potential causes that complicate safe oral intake. 2 A lower
Glasgow Coma Scale score and higher Injury Severity Score
are independently associatedwith delayed initiation of EN.38

Different reasons for delay in nutrition are presented
in ►Table 4.70,71

Sedative medications often pose a hindrance to feeding.
The use of vasopressors can affect tolerance to EN.11 There is
an inverse relationship between the maximum dose of
norepinephrine and tolerance to EN.72 However, patients
receiving vasopressin, adrenaline, and phenylephrine are
more likely to experience splanchnic hypo-perfusion than
those receiving noradrenaline.73 GI hypoperfusion conse-
quently culminate into EN intolerance. This issue is particu-
larly challenging during the initial stages following injury.74

Patients under the influence of vasopressors frequently
encounter delays in gastric emptying and a decrease in gut
motility, thereby heightening the likelihood of complications
such as abdominal distension, vomiting, and diarrhea.75

Nevertheless, EN is safe in patients who are stable on
pharmacological hemodynamic support. PN shall be re-
served for those whose hemodynamical status is fluctuat-
ing.18 Furthermore, the administration of vasopressors can
worsen hyperglycemia and hypermetabolism, both of which
are pre-existing concerns in TBI patients.2,72

Table 4 Reasons for delayed enteral nutrition in PTBI patients

Category Reasons

Patient-related factors • Multiple trauma
• Facial fractures
• Oral injury

Neurological factors • Decreased consciousness level (coma)
• Altered swallowing reflex
• Increased intracranial pressure
• Damage to the autonomic nervous system

Interruptions in feeding due to planned procedures • Surgery
• Extubation or intubation
• Radiologic exams
• Bedside procedures

Technical factors and intolerance to feed • Difficulty placing a feeding tube
• Gastrointestinal dysfunction
• Feeding intolerance: vomiting, diarrhea, constipation, abdominal

distention, large gastric residual volume
• Opioid-based sedation causing nausea

constipation

Decision-making–related factors • Overestimation of aspiration risk
• Delayed or hesitant initiation of enteral feeding.
• Uncertainty about prognosis

Other medical conditions • Severe sepsis or shock requiring hemodynamic stability
• Coagulopathy or thrombocytopenia contraindicating enteral tube

placement

Abbreviation: PTBI, pediatric traumatic brain injury.
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Refeeding Syndrome
PTBI patients are at increased risk for refeeding syndrome
(RFS), a life-threatening complication arising from rapid
nutrient reintroduction after a period of malnutrition.76

This syndrome, characterized by electrolyte imbalances
and fluid shifts, can trigger seizures and acute encephalopa-
thy in PTBI patients.76 RFS occurs when IV dextrose, EN, PN,
or even oral feeding is initiated following starvation or severe
calorie restriction.77 Management includes electrolyte
replenishment, and supplementation of thiamine, folic
acid, and multivitamins before beginning of enteral feed-
ings.78 Feeding should start slowly over 3 to 4 days with
trophic feedings (up to 25% of the goal), andmonitoring basic
metabolic panel, phosphorus, and magnesium levels.12,42

Assessment of Gastrointestinal Function
Nearly half (48.5%) of children with TBI develop GI dysfunc-
tion, and this risk increases significantly with the severity of
the injury.79 In severe cases, the rate jumps to a staggering
85.9% during the first 1 to 2 weeks and may persist if
intracranial pressure remains elevated.2,79 Gastroparesis
leads to delayed gastric emptying and an increase in gastric
residual volumes (GRVs). GRV exceeding 50% of the feeding
volume can lead to vomiting, aspiration, and pneumonia.
GRV is often measured by aspiration using a syringe or
gravity drainage every 4 hours. Management strategies in-
clude setting a threshold of >3mL/kg to interrupt EN,
positioning the head at 45°, using continuous feeding, mo-
tility-promoting agents like metoclopramide and erythro-
mycin, pyloric feeding, and adjusting EN as needed.80

Another stepwise approach suggests returning the residuum
to the stomach when GRV is >1–3mL/kg and skipping the
scheduled feed. In case the GRV is more than 3mL/kg, the
residuum shall be returned up to 3mL/kg and further dose
shall be halved.81 GRV indicates feeding intolerance and
delayed gastric emptying, but factors like gastric content
viscosity, material, and aspiration technique can affect
GRV.82 The use of prokinetics in such scenarios is a common
practice. However, ESPNIC recommends against the routine
use of prokinetics.18

Gastric point-of-care ultrasound (POCUS) is increasingly
being used to assess GRV by calculating the antrum’s cross-
sectional area.78 The GastriPed study evaluated the effective-
ness of aspiration in emptying the stomach and the ability of
GRV measurement by aspiration and POCUS to predict EN
tolerance.83 Another study found POCUS is faster than X-ray
for detecting nasogastric tube position in critically ill
patients. However, exact POCUS cut-off values for diagnosing
feeding intolerance and guiding EN in pediatric patients are
not yet established.84

The ASPEN and SCCM recommend against routine GRV
checks for critically ill pediatric patients since they do not
prevent complications such as aspiration pneumonia and
may lead to unnecessary interruptions in EN, resulting in
underfeeding and increased risk of malnutrition.12 It is also
noteworthy to mention that bowel sounds are also not
mandatory to be present to start EN.39

Research and Future Directions
Thegut–brainaxis and its imbalancesecondary toTBI isanarea
of active research. Neuroinflammation results in a shift from
beneficial to pathogenic microbiomes in the intestinal tract.85

A recent study found that children with severe TBI developed
an imbalance in their gut microbiome during their initial
intensive care unit stay, with a decrease in beneficial bacteria
and an increase in harmful bacteria.63 The timeframe of birth
to 3 years has been identified as a crucial window for inter-
ventions directed at gut microbiomes as a potential
therapeutic/preventive option to improve neurodevelopmen-
tal outcomes.86 The mechanism through which such changes
can improve clinical outcomes andwhether interventions, e.g.,
probiotics or prebiotics to prevent or reverse those changes,
can be beneficial is still not elucidated.2 Further research is
needed to understand how these changes can affect patient
outcomes inPTBI. Tohelp the readers,wehaveprepareda table
mentioning whether adult or pediatric studies have been used
to curate data for our review and have also summated the
existing lacunae in the literature (►Table 5).

Role of Advanced Neuromonitoring in Nutrition
There is recent interest in using advanced neuromonitoring
like cerebral microdialysis (CMD) and PbtO2 to guide nutri-
tional therapy in TBI. Research and clinical applications of
CMD-guided cerebral metabolism studies highlighting sub-
strate supply, glycemic variations, insulin therapy, and their
effects on the brain metabolic profile are being explored.
Elevated lactate–pyruvate ratio and neuroglycopenia dem-
onstrated from CMD are associated with detrimental out-
comes.65 However, widespread application of such
monitoring in titrating nutritional interventions is still de-
batable in adults and currently there are no studies on PTBI
dealing with this issue.

Long-Term Recovery
TBI impacts long-term cognition, mental health, and dietary
habits significantly. More than half of the patients had
residual disability even after 1 year of inpatient rehabilita-
tion in one study.87 Addressing these challenges effectively
by involving multidisciplinary teams including psychiatrists,
speech-language specialists, and rehabilitation experts after
discharge is the way forward. It seeks to develop individual-
ized nutrition plans for enhancing long-term recovery. The
follow-up on nutrition shall continue via specialized follow-
up clinics or teleconsultation.56

Conclusion

The profound impact of malnutrition on the recovery and
overall outcome of PTBI patients underscores the necessity of
proactive nutritional management which necessitates a
strategic approach individualized to the patient’s needs.
Application of advanced neuromonitoring modalities to ad-
just nutritional management, the therapeutic role of lactate,
and the role of the gut–brain axis are promising areas to be
explored by further high-quality research.

Journal of Neuroanaesthesiology and Critical Care © 2024. The Author(s).

Nutrition in Pediatric Traumatic Brain Injury Chowdhury et al.



Conflict of Interest
None declared.

References
1 Taylor CA, Bell JM, Breiding MJ, Xu L. Traumatic brain injury-

related emergency department visits, hospitalizations, and
deaths - United States, 2007 and 2013. MMWR Surveill Summ
2017;66(09):1–16

2 Colonetti T, Uggioni MLR, Ferraz SD, et al. Nutritional interven-
tions in children with brain injuries: a systematic review.
Nutrients 2021;13(04):1130

3 Redmond C, Lipp J. Traumatic brain injury in the pediatric
population. Nutr Clin Pract 2006;21(05):450–461

4 Reuter-Rice K, Christoferson E. Critical update on the third edition
of the guidelines for managing severe traumatic brain injury in
children. Am J Crit Care 2020;29(01):e13–e18

5 Poblete RA, Yaceczko S, Aliakbar R, et al. Optimization of nutrition
after brain injury: mechanistic and therapeutic considerations.
Biomedicines 2023;11(09):2551

6 Nacoti M, Fazzi F, Biroli F, Zangari R, Barbui T, Kochanek PM.
Addressing key clinical care and clinical research needs in severe
pediatric traumatic brain injury: perspectives from a focused
international conference. Front Pediatr 2021;8:594425

Table 5 Types of studies used for data curation, existing gaps, and future direction of research in PTBI nutrition

Topics Type of studies from which data are
curated

Lacunae in the literature and areas
for further research

Metabolic demand after TBI Predominantly adult TBI studies • PTBI data are inadequate

Assessment of energy requirement Adult TBI, adult and pediatric critical
care data

• Predictive equations for REE not
available for PTBI

• A validated indirect calorimetry
device for PTBI

Assessment of nutritional status Pediatric critical care • A nutritional assessment tool for
PTBI

Timing of initiation of nutrition PTBI • It is unclear if less severe injury
which helps early nutrition or early
nutrition itself is more important
for improving outcomes

Routes of nutrition (EN vs. PN) Mainly pediatric critical care • Insufficient PTBI data

Pattern of feeding (continuous,
intermittent, cyclic, etc.)

Pediatric critical care data • Insufficient PTBI data

Requirement of nutrients Pediatric critical care data • Insufficient PTBI data

Glycemic control PTBI data • Stringent vs. liberal glycemic control
in PTBI needs further evaluation

Hypertonic lactate use Adult TBI • Absent PTBI data

Immunonutrition PTBI and pediatric critical care data • Conclusive high-quality evidence
needed

EN in patients on pharmacologic
hemodynamic support

Adult TBI and critical care data • Insufficient PTBI data

Refeeding syndrome Pediatric critical care data • Exact incidence, prevalence in PTBI
needs refinement

GRV assessment POCUS used in pediatric critical care • POCUS for assessing GRV in PTBI
• Cut-offs for discontinuing EN yet

not established

Advanced neuromonitoring for nutritional
therapy

Overall scarce data • PTBI data required on advanced
techniques

Gut–brain axis Emerging concept
Preliminary adult and PTBI studies

• Area of active research
• Ideal timing, dose of probiotics,

long-term benefits yet to be
elucidated

Long-term recovery Insufficient PTBI data • Integrated easy-to-use tools for
rehabilitation therapy, swallowing
assessment

• Training protocols for kins taking
care of the patients at home

Abbreviations: EN, enteral nutrition; GRV, gastric residual volume; PN, parenteral nutrition; POCUS, point-of-care ultrasound; PTBI, pediatric
traumatic brain injury; REE, resting energy expenditure; TBI, traumatic brain injury.

Journal of Neuroanaesthesiology and Critical Care © 2024. The Author(s).

Nutrition in Pediatric Traumatic Brain Injury Chowdhury et al.



7 Krahulik D, Aleksijevic D, Smolka V, et al. Prospective study of
hypothalamo-hypophyseal dysfunction in children and adoles-
cents following traumatic brain injury. Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub 2017;161(01):80–85

8 Matthews DSF, Aynsley-Green A, Matthews JNS, Bullock RE,
Cooper BG, Eyre JA. The effect of severe head injury on whole
body energy expenditure and its possible hormonal mediators in
children. Pediatr Res 1995;37(4, Pt 1):409–417

9 Phillips R, Ott L, Young B, Walsh J. Nutritional support and
measured energy expenditure of the child and adolescent with
head injury. J Neurosurg 1987;67(06):846–851

10 Mtaweh H, Smith R, Kochanek PM, et al. Energy expenditure in
children after severe traumatic brain injury. Pediatr Crit CareMed
2014;15(03):242–249

11 Vernon DD, Witte MK. Effect of neuromuscular blockade on
oxygen consumption and energy expenditure in sedated, me-
chanically ventilated children. Crit Care Med 2000;28(05):
1569–1571

12 Mehta NM, Skillman HE, Irving SY, et al. Guidelines for the
provision and assessment of nutrition support therapy in the
pediatric critically ill patient: Society of Critical Care Medicine
and American Society for Parenteral and Enteral Nutrition. JPEN J
Parenter Enteral Nutr 2017;41(05):706–742

13 Koletzko B, Goulet O, Hunt J, Krohn K, Shamir RParenteral Nutri-
tion Guidelines Working Group European Society for Clinical
Nutrition and Metabolism European Society of Paediatric Gastro-
enterology, Hepatology and Nutrition (ESPGHAN) European So-
ciety of Paediatric Research (ESPR) 1. Guidelines on Paediatric
Parenteral Nutrition of the European Society of Paediatric Gastro-
enterology, Hepatology and Nutrition (ESPGHAN) and the Euro-
pean Society for Clinical Nutrition and Metabolism (ESPEN),
supported by the European Society of Paediatric Research
(ESPR). J Pediatr Gastroenterol Nutr 2005;41(Suppl 2):S1–S87

14 Beggs MR, Ashkin A, Larsen BMK, Garros D. Measuring energy
requirements of traumatic brain injury patients in pediatric
intensive care with indirect calorimetry: a comparison with
empiric methods. Pediatr Crit Care Med 2023;24(10):e468–e475

15 Fuentes-Servín J, Avila-Nava A, González-Salazar LE, et al. Resting
energy expenditure prediction equations in the pediatric popu-
lation: a systematic review. Front Pediatr 2021;9:795364

16 Chaparro C, Moullet C, Taffé P, et al. Estimation of resting energy
expenditure using predictive equations in critically ill children:
results of a systematic review. JPEN J Parenter Enteral Nutr 2018;
42(06):976–986

17 Keshavamurthy PRS, Sehgal M, Talamas N, et al. 54: Performance
of various predictive equations compared to indirect calorimetry
in ventilated children. Crit Care Med 2021;49(01):28

18 Tume LN, Valla FV, Joosten K, et al. Nutritional support for children
during critical illness: European Society of Pediatric and Neonatal
Intensive Care (ESPNIC) metabolism, endocrine and nutrition
section position statement and clinical recommendations. Inten-
sive Care Med 2020;46(03):411–425

19 Havalad S, Quaid MA, Sapiega V. Energy expenditure in children
with severe head injury: lack of agreement between measured
and estimated energy expenditure. Nutr Clin Pract 2006;21(02):
175–181

20 Taha AA, Badr L, Westlake C, Dee V, Mudit M, Tiras KL. Effect of
early nutritional support on intensive care unit length of stay and
neurological status at discharge in childrenwith severe traumatic
brain injury. J Neurosci Nurs 2011;43(06):291–297

21 Lumba-Brown A, Totten A, Kochanek PM. Emergency department
implementation of the Brain Trauma Foundation’s Pediatric Se-
vere Brain Injury Guideline Recommendations. Pediatr Emerg
Care 2020;36(04):e239–e241

22 Wallinga MM, Newkirk M, Gardner MT, Ziegler J. Variation in
metabolic demand following severe pediatric traumatic brain
injury: a case review. Nutr Clin Pract 2024;39(01):246–253

23 Daskalou E, Galli-Tsinopoulou A, Karagiozoglou-Lampoudi T,
Augoustides-Savvopoulou P. Malnutrition in hospitalized pediat-
ric patients: assessment, prevalence, and association to adverse
outcomes. J Am Coll Nutr 2016;35(04):372–380

24 Mehta NM, Corkins MR, Lyman B, et al; American Society for
Parenteral and Enteral Nutrition Board of Directors. Defining
pediatric malnutrition: a paradigm shift toward etiology-related
definitions. JPEN J Parenter Enteral Nutr 2013;37(04):460–481

25 Sissaoui S, De Luca A, Piloquet H, et al. Large scale nutritional
status assessment in pediatric hospitals. ESPEN J 2013;8(02):
e68–e72

26 Manyoni MJ, Goldstein LN, Wells M. A comparison of four weight
estimation systems for paediatric resuscitation. S Afr J Surg 2019;
57(02):40–46

27 Nosaka N, Anzai T, Uchimido R, Mishima Y, Takahashi K, Waka-
bayashi K. An anthropometric evidence against the use of age-
based estimation of bodyweight in pediatric patients admitted to
intensive care units. Sci Rep 2023;13(01):3574

28 Malekiantaghi A, AsnaAshari K, Shabani-Mirzaee H, Vigeh M,
Sadatinezhad M, Eftekhari K. Evaluation of the risk of malnutri-
tion in hospitalized children by PYMS, STAMP, and STRONGkids
tools and comparison with their anthropometric indices: a cross-
sectional study. BMC Nutr 2022;8(01):33

29 Pars H, Açıkgöz A, Erdoğan BD. Validity and reliability of the
Turkish version of three screening tools (PYMS, STAMP, and
STRONG-kids) in hospitalized children. Clin Nutr ESPEN 2020;
39:96–103

30 Franke J, Bishop C, Runco DV. Malnutrition screening and treat-
ment in pediatric oncology: a scoping review. BMC Nutr 2022;8
(01):150

31 Ferrie S, Allman-Farinelli M. Commonly used “nutrition” indica-
tors do not predict outcome in the critically ill: a systematic
review. Nutr Clin Pract 2013;28(04):463–484

32 Seremet Kurklu N, Geyin F, Ceylan L, Korkut Genc D, Kamarli Altun
H, Karacil Ermumcu MS. Comparison of three different nutrition
screening tools for pediatric inpatients. Nutr Clin Pract 2022;37
(03):698–704

33 Glushakova OY, Glushakov AV, Hayes RL. Finding effective bio-
markers for pediatric traumatic brain injury. Brain Circ 2016;2
(03):129–132

34 Ong C, Lee JH, Leow MKS, Puthucheary ZA. Skeletal muscle
ultrasonography in nutrition and functional outcome assessment
of critically ill children: experience and insights from pediatric
disease and adult critical care studies [Formula: see text]. JPEN J
Parenter Enteral Nutr 2017;41(07):1091–1099

35 Pereira-da-Silva L, Virella D, Fusch C. Nutritional assessment in
preterm infants: a practical approach in the NICU. Nutrients
2019;11(09):1999

36 Vavilala MS, Kernic MA, Wang J, et al; Pediatric Guideline Adher-
ence and Outcomes Study. Acute care clinical indicators associat-
ed with discharge outcomes in children with severe traumatic
brain injury. Crit Care Med 2014;42(10):2258–2266

37 Meinert E, Bell MJ, Buttram S, et al; Pediatric Traumatic Brain
Injury Consortium: Hypothermia Investigators. Initiating nutri-
tional support before 72hours is associated with favorable out-
come after severe traumatic brain injury in children: a secondary
analysis of a randomized, controlled trial of therapeutic hypo-
thermia. Pediatr Crit Care Med 2018;19(04):345–352

38 Balakrishnan B, Flynn-O’Brien KT, Simpson PM, Dasgupta M,
Hanson SJ. Enteral nutrition initiation in children admitted to
pediatric intensive care units after traumatic brain injury. Neuro-
crit Care 2019;30(01):193–200

39 Elliott E, Shoykhet M, Bell MJ, Wai K. Nutritional support for
pediatric severe traumatic brain injury. Front Pediatr 2022;
10:904654

40 Joffe A, Anton N, Lequier L, et al. Nutritional support for critically ill
children. Cochrane Database Syst Rev 2016;2016(05):CD005144

Journal of Neuroanaesthesiology and Critical Care © 2024. The Author(s).

Nutrition in Pediatric Traumatic Brain Injury Chowdhury et al.



41 Chourdakis M, Kraus MM, Tzellos T, et al. Effect of early compared
with delayed enteral nutrition on endocrine function in patients
with traumatic brain injury: an open-labeled randomized trial.
JPEN J Parenter Enteral Nutr 2012;36(01):108–116

42 Malakouti A, Sookplung P, Siriussawakul A, et al. Nutrition
support and deficiencies in children with severe traumatic brain
injury. Pediatr Crit Care Med 2012;13(01):e18–e24

43 Fivez T, Kerklaan D, Mesotten D, Verbruggen S, Joosten K, Van den
Berghe G. Evidence for the use of parenteral nutrition in the
pediatric intensive care unit. Clin Nutr 2017;36(01):218–223

44 Fivez T, Kerklaan D, Mesotten D, et al. Early versus late parenteral
nutrition in critically ill children. N Engl J Med 2016;374(12):
1111–1122

45 Meert KL, Daphtary KM, Metheny NA. Gastric vs small-bowel
feeding in critically ill children receiving mechanical ventilation:
a randomized controlled trial. Chest 2004;126(03):872–878

46 Martinez EE, Melvin P, Callif C, Turner AD, Hamilton S, Mehta NM.
Postpyloric vs gastric enteral nutrition in critically ill children: a
single-center retrospective cohort study. JPEN J Parenter Enteral
Nutr 2023;47(04):494–500

47 Martinez EE, Bechard LJ, Brown AM, et al. Intermittent versus
continuous enteral nutrition in critically ill children: a pre-
planned secondary analysis of an international prospective co-
hort study. Clin Nutr 2022;41(12):2621–2627

48 Kumar V, Sankar J, JanaM, Jat KR, Kabra SK, Lodha R. Comparison of
protocol-based continuous and intermittent tube feeding in me-
chanically ventilated critically ill children – an open label random-
ized controlled trial. Indian J Pediatr 2024;91(10):1001–1007

49 Theodoridis X, Chrysoula L, Evripidou K, Kalaitzopoulou I, Chour-
dakis M. Continuous versus intermittent enteral feeding in criti-
cally ill children: a systematic review. Nutrients 2023;15(02):288

50 Cernat E, Puntis J. Paediatric parenteral nutrition: current issues.
Frontline Gastroenterol 2019;11(02):148–154

51 Joosten K, Embleton N, Yan W, Senterre TESPGHAN/ESPEN/ESPR/
CSPEN working group on pediatric parenteral nutrition. ESPGHAN/
ESPEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition:
Energy. Clin Nutr 2018;37(6, Pt B):2309–2314

52 Mihatsch W, Jiménez Varas MÁ, Diehl LL, et al. Systematic review
on individualized versus standardized parenteral nutrition in
preterm infants. Nutrients 2023;15(05):1224

53 McLaughlin C, Park C, Mack WJ, et al. Parenteral nutrition use in
pediatric traumatic brain injury patients is associated with more
frequent complications: a propensity-matched analysis using the
National Trauma Data Bank. J Am Coll Surg 2018;227(04):S198

54 Goulet O, Jochum F, Koletzko B. Early or late parenteral nutrition
in critically ill children: practical implications of the PEPaNIC
trial. Ann Nutr Metab 2017;70(01):34–38

55 Kyle UG, Jaimon N, Coss-Bu JA. Nutrition support in critically ill
children:underdeliveryofenergyandproteincomparedwithcurrent
recommendations. J Acad Nutr Diet 2012;112(12):1987–1992

56 Kratochvíl M, Klučka J, Klabusayová E, et al. Nutrition in pediatric
intensive care: a narrative review. Children (Basel) 2022;9(07):1031

57 Prins ML. Glucosemetabolism in pediatric traumatic brain injury.
Childs Nerv Syst 2017;33(10):1711–1718

58 Cochran A, Scaife ER, Hansen KW, Downey EC. Hyperglycemia and
outcomes from pediatric traumatic brain injury. J Trauma 2003;
55(06):1035–1038

59 Smith RL, Lin JC, Adelson PD, et al. Relationship between hyper-
glycemia and outcome in children with severe traumatic brain
injury. Pediatr Crit Care Med 2012;13(01):85–91

60 Melo JRT, Di Rocco F, Blanot S, et al. Acute hyperglycemia is a
reliable outcome predictor in children with severe traumatic
brain injury. Acta Neurochir (Wien) 2010;152(09):1559–1565

61 Bromiker R, Perry A, Kasirer Y, Einav S, Klinger G, Levy-Khademi F.
Early neonatal hypoglycemia: incidence of and risk factors. A
cohort study using universal point of care screening. J Matern
Fetal Neonatal Med 2019;32(05):786–792

62 Elkon B, Cambrin JR, Hirshberg E, Bratton SL. Hyperglycemia: an
independent risk factor for poor outcome in children with trau-
matic brain injury. Pediatr Crit Care Med 2014;15(07):623–631

63 RogersMB, SimonD, Firek B, et al. Temporal and spatial changes in
themicrobiome following pediatric severe traumatic brain injury.
Pediatr Crit Care Med 2022;23(06):425–434

64 Bowman CE, Scafidi J, Scafidi S. Metabolic perturbations after
pediatric TBI: it’s not just about glucose. Exp Neurol 2019;
316:74–84

65 Kurtz P, Rocha EEM. Nutrition therapy, glucose control, and brain
metabolism in traumatic brain injury: a multimodal monitoring
approach. Front Neurosci 2020;14:190

66 Briassoulis G, Filippou O, Hatzi E, Papassotiriou I, Hatzis T. Early
enteral administration of immunonutrition in critically ill chil-
dren: results of a blinded randomized controlled clinical trial.
Nutrition 2005;21(7–8):799–807

67 CorwinDJ,Myers SR, Arbogast KB, et al. Head injury treatmentwith
healthy and advanced dietary supplements: a pilot randomized
controlled trial of the tolerability, safety, and efficacy of branched
chainaminoacids in the treatmentofconcussion inadolescents and
young adults. J Neurotrauma 2024;41(11–12):1299–1309

68 Peng R, Li H, Yang L, et al. Immunonutrition for traumatic brain
injury in children and adolescents: protocol for a systematic
review and meta-analysis. BMJ Open 2020;10(09):e037014

69 Lui A, Kumar KK, Grant GA. Management of severe traumatic
brain injury in pediatric patients. Front Toxicol 2022;4:910972

70 Abad-Jorge A. Nutrition management of the critically ill pediatric
patient: minimizing barriers to optimal nutrition support. Infant
Child Adolesc Nutr 2013;5(04):221–230

71 Rogers EJ, Gilbertson HR, Heine RG, Henning R. Barriers to
adequate nutrition in critically ill children. Nutrition 2003;19
(10):865–868

72 Toro C, Ohnuma T, Komisarow J, et al. Early vasopressor utilization
strategies and outcomes in critically ill patients with severe
traumatic brain injury. Anesth Analg 2022;135(06):1245–1252

73 Simõ Es Covello LH, Gava-Brandolis MG, Castro MG, Dos Santos
Netos MF, Manzanares W, Toledo DO. Vasopressors and nutrition
therapy: safe dose for the outset of enteral nutrition? Crit Care Res
Pract 2020;2020:1095693

74 King W, Petrillo T, Pettignano R. Enteral nutrition and cardiovas-
cular medications in the pediatric intensive care unit. JPEN J
Parenter Enteral Nutr 2004;28(05):334–338

75 Panchal AK, Manzi J, Connolly S, et al. Safety of enteral feedings in
critically ill children receiving vasoactive agents. JPEN J Parenter
Enteral Nutr 2016;40(02):236–241

76 Sundström N, Brorsson C, Karlsson M, Wiklund U, Koskinen LD.
Refeeding syndrome: multimodal monitoring and clinical mani-
festation of an internal severe neurotrauma. J Clin Monit Comput
2021;35(03):569–576

77 Corsello A, Trovato CM, Dipasquale V, et al. Refeeding syndrome in
pediatric age, an unknown disease: a narrative review. J Pediatr
Gastroenterol Nutr 2023;77(06):e75–e83

78 Valla FV, Tume LN, Jotterand Chaparro C, et al. Gastric point-of-
care ultrasound in acutely and critically ill children (POCUS-ped):
a scoping review. Front Pediatr 2022;10:921863

79 Zhou Y, Lu W, Tang W. Gastrointestinal failure score in children
with traumatic brain injury. BMC Pediatr 2021;21(01):219

80 Eveleens RD, Joosten KFM, de Koning BAE, Hulst JM, Verbruggen
SCAT. Definitions, predictors and outcomes of feeding intolerance
in critically ill children: a systematic review. Clin Nutr 2020;39
(03):685–693

81 Tume LN, Bickerdike A, Latten L, et al. Routine gastric residual
volume measurement and energy target achievement in the
PICU: a comparison study. Eur J Pediatr 2017;176(12):1637–1644

82 Dorling J, Tume L, Arch B, et al. Gastric residual volume measure-
ment in British neonatal intensive care units: a survey of practice.
BMJ Paediatr Open 2020;4(01):e000601

Journal of Neuroanaesthesiology and Critical Care © 2024. The Author(s).

Nutrition in Pediatric Traumatic Brain Injury Chowdhury et al.



83 Valla FV, Cercueil E, Morice C, Tume LN, Bouvet L. Point-of-care
gastric ultrasound confirms the inaccuracy of gastric residual
volume measurement by aspiration in critically ill children:
GastriPed study. Front Pediatr 2022;10:903944

84 Watkins LA, Dial SP, Koenig SJ, Kurepa DN, Mayo PH. The utility of
point-of-care ultrasound in the pediatric intensive care unit. J
Intensive Care Med 2022;37(08):1029–1036

85 Nwafor DC, Brichacek AL, Foster CH, et al. Pediatric traumatic
brain injury: an update on preclinical models, clinical biomarkers,

and the implications of cerebrovascular dysfunction. J Cent Nerv
Syst Dis 2022;14:11795735221098125

86 Laue HE, Coker MO, Madan JC. The developing microbiome from
birth to 3 years: the gut-brain axis and neurodevelopmental
outcomes. Front Pediatr 2022;10:815885

87 HornTC, Lundine JP, Busch TA, Benkart RA, Taylor HG, Koterba CH.
Long-termoutcomes of pediatric traumatic brain injury following
inpatient rehabilitation. J Head Trauma Rehabil 2024;39(02):
E95–E104

Journal of Neuroanaesthesiology and Critical Care © 2024. The Author(s).

Nutrition in Pediatric Traumatic Brain Injury Chowdhury et al.


