
Neuro-critically ill patients face unique challenges in nutritional support due to varying metabolic 
and energy demands arising from clinical situations such as elevated intracranial pressure, trauma, 
stroke, epilepsy, targeted temperature management (TTM), and pharmacological interventions. 
Despite these challenges, there is a lack of systematic reviews addressing their specific needs. This 
study conducts a systematic review and narrative synthesis of the existing literature on nutritional 
support for neuro-critical patients, focusing on amino acids that act as neurotransmitters or their 
precursors. We examined nutritional requirements and timing in patients with stroke and traumat-
ic brain injury, as well as energy and metabolic demands during TTM, a common therapeutic in-
tervention in neuro-critical care. Our review aims to clarify uncertainties surrounding amino acid 
provision in neuro-critical patients and provide up-to-date recommendations on nutritional sup-
port for those with elevated intracranial pressure and undergoing TTM, serving as a foundation 
for future research and evidence-based guideline development. Key findings include the potential 
benefits of branched-chain amino acids (BCAAs) in neuro-critical care, the roles of methionine 
and serine, the significance of arginine in vascular constriction, the controversial role of glutamate 
in nutrition, and the potential benefits of selenium supplementation. We also discussed special 
considerations in nutritional support for neuro-critical patients, such as changes in energy de-
mand, the influence of sedation on energy demand, and metabolism changes during TTM. Our 
review highlights the need for a better understanding of the unique metabolic requirements of 
neuro-critical patients and the development of evidence-based guidelines for optimal nutritional 
support in this population. 
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INTRODUCTION 

The importance of nutrition in the management of critically ill 
patients has been increasingly recognized over the years. Recent re-
search has actively explored various aspects of nutrition in septic 
patients, such as the timing of oral nutrition initiation, routes of nu-
trient delivery, and appropriate methods of administration. Neuro-
critical care patients differ from other critically ill patients with 
medical conditions in several aspects that warrant special consider-
ation. These differences stem from the unique neurovascular sup-
ply, metabolic characteristics of neurons, and specific clinical situa-
tions and treatments in neurocritical care. 

The brain, accounting for only 3-5% of body weight, demands a 
disproportionately high energy supply, contributing to 20% of the 
total metabolic rate. This high metabolic demand is met by an ele-
vated cerebral blood flow via neurovascular coupling. Neurons in 
the cerebral cortex are situated at the outermost region of the brain 
and receive blood supply not directly from large arteries but rather 
through low-pressure terminal vessels. In cases of increased intra-
cranial pressure, neuronal damage in brain regions receiving 
low-pressure blood supply (e.g., cerebral cortex, deep basal nuclei) 
is accelerated. 

When cerebral perfusion is not maintained due to increased in-
tracranial pressure or hypotension, neurons may face energy sup-
ply disruptions even from astrocytes. This leads to intracellular en-
ergy deficiency, impairing various electrolyte pumps (e.g., Na-K 
pump) and neurotransmitter functions and accelerating secondary 
neuronal damage. Furthermore, neurons possess a unique signal-
ing system in the form of neurotransmitters, requiring a continuous 
supply of amino acids as precursors. However, the type of amino 
acids needed varies depending on the clinical situation in neuro-
critical care patients, and excessive administration can provoke side 
effects such as seizures. Thus, it is crucial to understand and pro-
vide the appropriate amino acid supply according to the clinical 
context. Recent advances in nutritional support for neurocritical 
care patients, revealed amino acids play a critical role in various 
metabolic and neurotransmitter pathways in the brain. This review 
aims to explore the potential benefits of amino acid supplementa-
tion in neurocritical care, focusing on branched-chain amino acids 
(BCAAs), methionine, serine, arginine, glutamate, and selenium. 
Current research has provided some evidence for the potential role 
of these amino acids in enhancing hippocampal function, regulat-
ing brain function and energy production, promoting neuronal 
survival, and modulating vascular relaxation in patients with neu-
rological injuries. However, the direct relationship between amino 
acid supplementation and patient outcomes remains inconclusive, 
highlighting the need for further research in this area. 

Collectively, neurons exhibit both unique nutritional require-
ments and vulnerability, making proper nutrient supply essential. 
In neurocritical care, patients with elevated intracranial pressure or 
undergoing therapeutic hypothermia may have specific nutritional 
requirements. Therefore, it is necessary to revisit the energy re-
quirements, metabolic characteristics, nutritional instability of 
neurons, and the impact of neurocritical care treatment techniques 
on nutritional demands in neurocritical care patients. 

METHODS 

To systematically narrative review the recent updates in decom-
pressive craniectomy and cranioplasty, we conducted a compre-
hensive literature search using the following electronic databases: 
MEDLINE, EMBASE, and Cochrane Library. The search terms 
included "neurocritical care," "nutrition," “amino acid,” "intracranial 
pressure," "metabolism," "hypothermia," "traumatic brain injury," 
“indirect calorimeter,” and "stroke." The search was limited to arti-
cles published between January 2010 and December 2022, and 
only articles written in English were considered for inclusion. 

Two independent reviewers screened the search results by title 
and abstract. Articles were considered for full-text review if they 
were deemed relevant to the study's objectives. Any disagreements 
between the reviewers were resolved by consensus or consultation 
with a third reviewer. Full-text articles were reviewed to determine 
eligibility for inclusion in the systematic review. 

We included studies that reported on physiological changes fol-
lowing decompressive craniectomy, indications for decompressive 
craniectomy, optimal size of decompressive craniectomy, optimal 
timing of cranioplasty, syndrome of trephined, and the necessity of 
suboccipital cranioplasty. Both randomized controlled trials and 
observational studies were considered for inclusion. Case reports, 
case series, and expert opinions were excluded. 

A narrative synthesis of the findings from the included studies was 
conducted, focusing on the physiological effects, indications, compli-
cations, and management of decompressive craniectomy and cranio-
plasty. Due to the heterogeneity in study design and reported out-
comes, a meta-analysis was not performed. Instead, we present a de-
scriptive summary of the available evidence, including a discussion of 
the strengths and limitations of the reviewed studies, and provide rec-
ommendations for clinical practice and future research. 

LITERATURE REVIEW 

The role of amino acid supplementation in 
neurocritical care 

Amino acids, the fundamental components of proteins, consist 
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of 20 different types. Although the body's proteins are incredibly 
diverse, encompassing hundreds of thousands of varieties, only 20 
amino acids form their structure. These 20 amino acids are catego-
rized into 9 essential amino acids (EAAs), 7 conditionally non-es-
sential amino acids, and 4 non-essential amino acids. Essential 
amino acids cannot be synthesized within the body or are synthe-
sized in inadequate amounts, necessitating their external supply to 
support physiological functions. Conditionally non-essential ami-
no acids can be synthesized under normal circumstances, but their 
production may be impaired in specific situations, such as trauma, 
requiring an external supply. Non-essential amino acids are easily 
synthesized within the body. 

Utilization of branched-chain amino acids in neurocritical care 
Branched-chain amino acids (BCAAs), including valine, leucine, 

and isoleucine, have a tree branch-like structure, are hydrophobic, 
and promote protein synthesis (Fig. 1). BCAAs serve as precursors 
for the neurotransmitters glutamate and GABA (gamma-amino-
butyric acid) and are essential components of the energy metabo-
lism-related citric acid cycle (Krebs cycle)1).Studies in animal 
models and clinical settings have confirmed decreased BCAA con-
centrations in the hippocampus and plasma following traumatic 
brain injury (TBI)2,3).This observation has led to the hypothesis 
that BCAA supplementation after TBI may enhance hippocampal 
function by providing a source for the synthesis of glutamate and 
GABA. 

In a mouse model of brain injury, a decrease in hippocampal 
BCAA concentrations was observed. Subsequent BCAA supple-

mentation in the brain-injured subjects improved their condi-
tioned fear responses to levels similar to those of the control group, 
while simultaneously increasing hippocampal BCAA concentra-
tions4). Additionally, BCAA supplementation was advantageous in 
maintaining wakefulness. A study involving patients with TBI re-
vealed significant decreases in BCAA and metabolite concentra-
tions3). Plasma BCAA concentrations decreased following brain 
injury, with more severe injuries showing more significant reduc-
tions. These findings suggest that changes in BCAA metabolism 
after TBI may affect the pathophysiology of TBI by causing insuffi-
cient energy production and neurotransmitter synthesis. Research-
ers have found considerable associations between decreased blood 
concentrations of BCAA metabolites, such as propionylcarnitine, 
2-methylbutyrylcarnitine, and 4-methyl-2-oxopentanoate, and in-
creased intracranial pressure (Fig. 2). 

The exact cause of reduced BCAA metabolism in traumatic 
brain injury remains unclear. However, it could be related to meta-
bolic disorders of enzymes involved in BCAA metabolism, such as 
reversible transamination by branched-chain aminotransferase and 
irreversible dehydrogenation by branched-chain α-keto acid dehy-
drogenase. These enzymes play an inevitable role in the initial stag-
es of BCAA metabolism, and their dysfunction may be linked to 
the observed decrease in BCAA metabolism following injury5). 

The association between bcaas levels and altered consciousness in 
neurocritical care patient 

Although a definitive conclusion about the direct relationship 
between serum BCAA concentrations and brain function remains 

Fig. 1. Chemical structures of branched-chain amino acids (BCAAs): Valine, Leucine, and Isoleucine. This figure presents the molecular struc-
tures of the three BCAAs, which are essential amino acids that have been shown to maintain cognitive function and play a crucial role in the re-
covery of consciousness in neurocritical care patients.

H3C CH3
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elusive, there is evidence supporting this possibility. First, the glu-
cogenic energy production of valine and isoleucine, as well as the 
ketogenic energy production of leucine and isoleucine, play a role 
in this connection6). BCAAs pass through the blood-brain barrier 
using energy-dependent transporters. In injured brains, blood flow 
alterations can lead to ATP deficiency (Fig. 3A). Consequently, 
leucine generates energy through the ketogenic pathway, replacing 
glucose in the brain, and increasing the secretion of its metabolic 
product, glutamate (Fig. 3B). Thus, the use of BCAAs as an energy 
source accelerates TBI-mediated glutamate excitotoxicity, leading 
to secondary neuronal damage (Fig. 3A). 

The second line of evidence highlights the amino acid imbalance 
resulting from decreased BCAAs. In patients with long-standing 
brain injuries, serum BCAA levels decrease even further. Contrary 
to the previous discussion, a prolonged state of reduced leucine 
may lead to a decrease in excitatory neurotransmitter glutamate, re-
sulting in diminished synaptic activity and neuroplasticity, ulti-
mately causing cognitive and behavioral disorders1). Moreover, 
when BCAA serum concentrations decrease, large neutral amino 
acids (LNAAs, including tryptophan, tyrosine, and phenylalanine) 
are utilized instead. This substitution can increase serotonin and 
catecholamine concentrations, potentially leading to behavioral 
and cognitive abnormalities, such as bipolar disorder and schizo-
phrenia, when present in excess7,8). 

Based on this evidence, the external supply of BCAAs has been 

proposed as a potential therapeutic approach. In fact, BCAA ad-
ministration in patients with severe traumatic brain injury (TBI) 
has significantly aided cognitive recovery9). Other studies have re-
ported that maintaining normal protein and caloric intake in pa-
tients with TBI may enhance cognitive recovery through nutrition-
al BCAA supplementation10). 

The role of methionine and serine in cognitive function of 
neurocritical care patients 
1) Methionine 

Methionine serves as a methyl group donor during methylation. 
Its metabolite, S-adenosylmethionine (SAM), plays a crucial role 
in gene expression and cellular signaling (Fig. 4). Additionally, me-
thionine is involved in the synthesis of glutathione, which protects 
cells from oxidative stress. The brain, with its high lipid content 
and metabolic activity, is particularly vulnerable to oxidative stress. 
Consequently, a decrease in glutathione levels due to brain injury 
may accelerate brain damage11). In cases of severe traumatic brain 
injury (TBI), methionine, SAM, and glutathione levels decline, 
leading to various cellular changes. These changes include reduc-
tions in protein synthesis, gene expression, and cellular protection 
via glutathione production. In fact, decreased serum concentra-
tions of methionine, BCAAs, and histidine have been reported in 
patients with severe TBI12). However, no direct evidence currently 
supports the external supplementation of methionine to improve 

AA BB CC

Fig. 2. Branched-chain amino acid (BCAA) metabolic pathway. This figure illustrates the major metabolites and enzymes involved in the metab-
olism of BCAAs: (A) Valine metabolism, highlighting key enzymes and metabolites. (B) Isoleucine metabolism, showcasing major metabolites. 
(C) Leucine metabolism and the changes in metabolite levels in traumatic brain injury patients compared to healthy volunteers. Metabolites in 
rectangles indicate a significant decrease, hexagons represent no change, and ovals signify a significant increase in plasma levels. Metabolites in 
gray were not measured in the study.
BCTA: Branched-chain amino acid aminotransferase, BCKD: Branched-chain keto acid dehydrogenase, TCA: The citric acid cycle.
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Fig. 3. Mechanisms of neuronal damage in traumatic brain injury and the involvement of essential amino acid metabolism. This figure illustrates 
the interconnected mechanisms contributing to neuronal damage following brain injury and the role of essential amino acid metabolism. (A) 
Sequential events in the cascade include: 1) brain injury triggering glutamate release, which leads to calcium overload, followed by activation of 
calcium-regulated proteins such as calpain and calcineurin, ultimately resulting in proteolysis and neuronal degeneration; 2) calcium overload 
causing oxidative stress and lipid peroxidation of proteins and DNA, which contribute to neuronal degeneration; 3) calcium overload inducing 
mitochondrial dysfunction, followed by MTP opening, cytochrome C release, apoptosis, and neuronal degeneration. (B) The metabolism of 
branched-chain amino acids (BCAAs) involves their conversion to branched-chain keto acids by the branched-chain dehydrogenase complex, 
and the subsequent formation of ketone bodies, which play a role in the overall mechanism of neuronal damage.

the prognosis of patients with severe TBI. 

2) Serine 
Serine is a non-essential amino acid that can be synthesized in 

the body using glycine as a precursor. Serine is metabolized into 
phosphatidylserine (PS). Serine crosses the blood-brain barrier via 
sodium-dependent neutral amino acid transporters and is present 
in cerebrospinal fluid at approximately 10% of plasma concentra-
tion. In neurons, serine is metabolized to PS. Neuron-derived PS is 
rich in docosahexaenoic acid (DHA), and the supply of DHA pro-
motes the synthesis of PS. PS is a major phospholipid in the inner 
layer of cell membranes in neural tissues, accounting for 13-15% of 
the phospholipids in the cerebral cortex. Located in the neuronal 
cell membrane, PS regulates synaptic receptor expression and neu-
rotransmitter release, thus participating in signal transduction relat-
ed to neuronal survival, neurite growth, and synaptic genesis13). 

The clinical significance of serine supplementation is still under 
investigation. Ethanol has been shown in animal studies to reduce 
DHA levels and degrade PS in the hippocampus, impairing neuro-

nal survival and function and causing apoptosis of hippocampal 
cells14,15). Patients with Alzheimer's dementia, who exhibit memo-
ry and cognitive decline, have been found to have decreased DHA 
and PS levels. Oral administration of serine in the form of PS has 
been reported to improve cognitive and verbal call functions in 
Alzheimer's patients. However, more research is needed to estab-
lish the potential benefits of serine supplementation in neurocriti-
cal care patients16,17). 

The role of arginine in cerebrovascular constriction and vasospasm 
Arginine serves as a precursor for nitric oxide (NO), which 

functions as an endothelium-derived relaxing factor. NO is pro-
duced from arginine through the action of endothelial NO syn-
thase (eNOS) in the cerebral endothelium and neuronal NOS 
(nNOS) in the adventitia. NO production is stimulated in re-
sponse to shear stress, metabolic demands, and chemoregulation, 
leading to vasodilation18). 

In the context of subarachnoid hemorrhage (SAH), hemoglobin 
released into the subarachnoid space destroys nNOS-contacting 
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neurons, inhibiting NO synthesis and leading to cerebrovascular 
constriction. When vascular constriction occurs, eNOS activation 
induced by shear stress is counteracted by the activation of endog-
enous competitive NOS inhibitors such as asymmetric dimethy-
larginine (ADMA). During cerebrovascular constriction, the en-
zyme responsible for ADMA removal (dimethylarginine-dime-
thylaminohydrolase II, or DDAH II) is unable to function properly 
due to an immune response, resulting in increased cerebrospinal 
fluid ADMA levels and exacerbating cerebrovascular constric-
tion18) . Consequently, externally supplied arginine has been pro-
posed as a potential treatment for cerebrovascular constriction by 
stimulating DDAH II and inhibiting L-arginine methylating en-
zyme19). 

Animal studies have demonstrated that the administration of 

L-arginine ameliorates cerebrovascular constriction. When admin-
istered intracarotidly, the degree of improvement in cerebrovascu-
lar constriction was assessed using transcranial Doppler (TCD) to 
evaluate mean flow velocity (Fig. 5)20).In another study, an SAH 
vasospasm animal model showed that the administration of L-argi-
nine, compared to saline, reduced the latency of motor evoked po-
tentials and increased amplitude, resulting in improved clinical 
symptoms21). Another group directly observed changes in the vas-
cular wall due to vasospasm and arginine administration using rat 
femoral artery samples19). Compared to the control group, the va-
sospastic vessels displayed increased wall thickness and non-intact 
endothelium. In the experimental group treated with L-arginine 
following vasospasm, an improvement in wall thickness and thin-
ning was observed. These findings suggest that arginine adminis-

Fig. 4. Summary illustration of methionine metabolic pathways11). This figure provides an overview of the major pathways involved in methi-
onine metabolism: the transmethylation pathway (indicated in red), the trans-sulfuration pathway (indicated in blue), and the gamma-glutamyl 
cycle (shown in green). Changes in metabolite levels in the plasma of severe traumatic brain injury (TBI) patients are denoted by black arrow-
heads (▲). Open arrows (△) represent significant changes observed in moderate TBI patients compared to healthy volunteers. Up arrowheads 
indicate increased levels, while down arrowheads (▼▽) signify decreased levels.
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Fig. 5. Mean flow velocity (MFV) curves according to the route of 
arginine administration. This figure compares the MFV following ad-
ministration of normal saline and L-arginine via different routes. (A) 
Comparison of MFV after intracisternal administration of normal 
saline and L-arginine. A significant decrease in MFV was observed 
following L-arginine administration compared to normal saline. (B) 
Comparison of MFV after intracarotid administration of normal 
saline and L-arginine. A significant decrease in MFV was observed 
following L-arginine administration compared to normal saline. (C) 
Comparison of the effect of L-arginine administration route on MFV, 
showing that intracarotid infusion significantly reduced MFV com-
pared to intracisternal route.

tration may represent a novel therapeutic approach to treating 
cerebrovascular constriction in the context of subarachnoid hem-
orrhage. 

Glutamate: to feed or not? 
Glutamate is the most abundant free amino acid in the brain, 

and it serves as a neurotransmitter that transmits excitatory signals, 
is oxidized for energy production, and acts as a precursor for the 
synthesis of proteins, glutamine, GABA, and glutathione. Further-
more, it participates in cellular removal processes, thus playing a 
role in neural plasticity. Glutamate receptors are located on the sur-
face of nerve cells, and excessive excitatory signals from glutamate 
can lead to cell death through a phenomenon called 'excitotoxicity.' 
Therefore, it is crucial for glutamate to be present in the appropri-
ate concentration, location, and timing. A balance between gluta-
mate transporter, which removes extracellular glutamate, and the 
blood-brain barrier, which prevents the movement of glutamate 
from the blood to the brain, is essential22).  

Glutamine is the most abundant amino acid in the human body 
and is primarily produced in muscles. It is a conditionally essential 
amino acid consumed in greater quantities during severe illness or 

following major surgery. Glutamine is responsible for more meta-
bolic functions in the body than other amino acids. It can be con-
verted into glucose to provide energy when needed, serves as a 
backbone for RNA/DNA synthesis, participates in ammonium 
production in the kidneys for acid-base balance, and is involved in 
the synthesis of the antioxidant glutathione23-25). In the central ner-
vous system, glutamine acts as a precursor for neurotransmitters 
such as glutamate, aspartate, and GABA, and is synthesized in as-
trocytes through the glutamate-glutamine cycle. The synthesized 
glutamine is then transported to neurons and recycled as a precur-
sor for glutamate and GABA (Fig. 6)26,27). 

One of the central nervous system disorders characterized by an 
imbalance in the glutamate-glutamine cycle is epilepsy. An imbal-
ance in glutamatergic and GABA-ergic transmission results in in-
sufficient glutamine synthesis, leading to a lack of GABA-ergic ac-
tivity and hyperexcitation, which manifests clinically as epilepsy. 
External glutamine supply can reverse this process. However, since 
glutamine is metabolized in the liver, liver dysfunction or excessive 
glutamine administration can lead to brain edema, increased intra-
cranial pressure, and neurological abnormalities. Therefore, liver 
function should be monitored concurrently with glutamine ad-
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Fig. 6. Glutamate-Glutamine cycle in the brain26). This figure illustrates the Glutamate-Glutamine cycle, a crucial metabolic process in the central 
nervous system, which regulates the balance and recycling of neurotransmitters, particularly glutamate and glutamine, between neurons and as-
trocytes. The cycle plays a vital role in maintaining proper neuronal function and overall brain homeostasis.

ministration22,23). 
Glutamine is also involved in glutathione synthesis, protecting 

cells from oxidative stress, and a deficiency in glutamatergic neuro-
transmission may lead to emotional disorders and depression28). In 
animal models of stress-induced cognitive impairment, glutamine 
supplementation has shown significant positive results in recogni-
tion and location memory tests, suggesting its potential usefulness 
in preclinical settings29). In humans, increased mortality has been 
observed in critically ill patients with low blood glutamine levels, 
leading to ASPEN and ESPEN guidelines recommending gluta-
mine administration with a level of evidence30,31). In cases of trau-
matic brain injury with blood-brain barrier damage, an appropriate 
external glutamine supply that does not increase glutamate con-
centration should be established to prevent exacerbation of excito-
toxicity and brain edema32, 33). Although a study in severe traumatic 
brain injury patients administering 0.34g/kg of glutamine within 
20 hours showed a significant increase in glutamine levels without 
elevating glutamate levels, the clinical outcomes remain unclear, 
necessitating further research34). 

Considering this, it is advisable for each hospital to limit the ad-
ministration of glutamate during the initial stages of brain injury 
when using amino acid preparations or total parenteral nutrition. 

This is due to the potential for intravenous nutrition containing 
glutamate to exacerbate brain injury during periods of rapid pro-
gression and uncontrolled brain edema caused by damage to the 
blood-brain barrier. Once hemodynamically stable and brain ede-
ma begins to be controlled, it is recommended to initiate enteral 
feeding and supplement with parenteral nutrition as needed. 

Selenium: a beneficial element in neurocritical care? 
Selenium exists in the human body in the form of 25 different 

selenoproteins and serves various functions. It is involved in nu-
merous neural signal transmissions through neurotransmission. 
Selenium plays a role in maintaining motor function, coordination, 
memory, and cognition, and its deficiency can manifest as symp-
toms of Alzheimer's disease, Parkinson's disease, and epilepsy. In 
the cerebral cortex and hippocampus, it serves a GABA-ergic func-
tion, leading to refractory seizures in children when deficient. In 
the dopamine pathway, it exhibits both neurotoxic and neuropro-
tective properties depending on its concentration. It also partici-
pates in acetylcholine neurotransmission, contributing to the 
phosphorylation of antioxidant proteins and the maintenance of 
ion channel/calcium homeostasis at the molecular and cellular lev-
els35). 
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Under stress conditions, the stress hormone glucocorticoid af-
fects the cerebral cortex and hippocampus, leading to memory and 
emotional disorders. Glucocorticoids suppress the expression of 
selenoprotein genes, but the administration of exogenous selenium 
can counteract this effect and inhibit oxidative damage (lipid per-
oxidation) caused by glucocorticoids36,37). Animal studies have 
shown that selenium supplementation enhances hippocampal 
neurogenesis by mediating the proliferation of neuronal precursor 
cells in response to physical activity stimulation, thereby improving 
cognitive decline associated with hippocampal injury and aging38). 
In actual traumatic brain injury patients, intravenous administra-
tion of selenium for up to 10 days (1000mcg q.d. for 5 days fol-
lowed by 500mcg q.d. for the next 5 days) did not show a signifi-
cant difference in mortality rates. However, functional outcomes at 
discharge and 6-month follow-up were significantly improved in 
the patient group receiving selenium39). In patients with non-ab-
dominal trauma, supplementation of selenium resulted in signifi-
cant reductions in mortality, ICU, and overall hospital stays36). A 
meta-analysis of critically ill patients did not yield significant posi-
tive results for overall hospital stays, pneumonia, or side effects of 
renal failure in the selenium treatment group. Although a signifi-
cant statistical value was obtained for mortality, this was on the 
borderline40). Studies on the clinical outcomes of selenium supple-
mentation in patients with systemic inflammatory response syn-
drome (SIRS) and sepsis have yielded inconsistent results41). Al-
though the effects of selenium supplementation are not consistent, 
it is considered "not inferior" and warrants weak recommendation 
for administration. 

Special considerations in nutritional support for 
neuro-critical patients 
Changes in energy requirements in neuro-critical patients depending 
on clinical situations 

There are several factors to consider in providing appropriate 
energy supply to neuro-critical patients. First, the brain accounts 
for a significant portion of the body's total energy requirements, so 
it is essential to consider metabolic changes in the brain due to 
brain injury. Second, brain metabolism varies depending on the 
cause of the brain injury (especially trauma, subarachnoid hemor-
rhage due to aneurysm rupture, and cerebral infarction), hormonal 
changes, accompanying injuries, sepsis, pneumonia, and inflam-
matory responses due to complications. Third, many treatments 
used in the management of neuro-critical patients, such as seda-
tives, muscle relaxants, and hypothermia, can induce changes in 
energy metabolism. 

1) Increased intracranial pressure 
Animal experiments have shown that anaerobic glycolysis oc-

curs in the brain during increased intracranial pressure, leading to 
decreased pH, ATP, and phosphocreatine. Energy metabolism in 
the brain is preserved until cerebral perfusion pressure drops below 
30 mmHg42). When intracranial pressure rises, immediate changes 
in energy metabolism appear in the brain, and glucose, lactate, and 
pyruvate in the extracellular fluid decrease rapidly43). This indicates 
that energy production becomes insufficient due to increased in-
tracranial pressure. Conversely, when intracranial pressure is re-
duced rapidly, glucose, lactate, and pyruvate return to normal lev-
els42,43). 

Although the degree of metabolic increase after brain injury is 
known to correlate with intracranial pressure, treatments for elevat-
ed intracranial pressure can also affect overall metabolic rate44). 
Since treatment aims to reduce intracranial pressure rapidly and 
avoid sustained elevated intracranial pressure, it is not easy to pre-
dict changes in energy requirements due to intracranial pressure 
fluctuations. Despite the theoretical expectation that thiopental 
should decrease CMRO2 and thus reduce additional energy con-
sumption, studies have shown that thiopental does not reduce ad-
ditional energy consumption compared to fentanyl and midazolam 
sedation. This suggests that efforts to reduce brain metabolism 
may not be effective45,46). 

2) Trauma 
It is well known that trauma triggers hypermetabolism and a cat-

abolic state. In patients with head trauma, the metabolic rate is re-
ported to increase by approximately 100-160%, although the ex-
tent varies in the literature47). In a study involving patients with 
traumatic brain injury, the basal metabolic rate was elevated com-
pared to healthy individuals, with rates of 168 ± 53% for those with 
a Glasgow Coma Scale (GCS) score of 5 or below, 129 ± 31% for 
scores of 6-7, and 150 ± 49% for scores of 8 or above. The resting 
metabolic rate (RMR) during the stable phase increased by 45% 
for each 1-degree increase in body temperature in patients with 
GCS scores of 5 or below and by 15% in those with scores of 6-7. 
In patients with GCS scores of 8 or above, no correlation was 
found between RMR and body temperature48). Considering that 
patients with GCS scores of 5 or below showed posturing respons-
es to pain and persistent rigid muscle tone, and those with GCS 
scores of 8 or above exhibited more agitation, the lowest basal rate 
observed in patients with GCS scores of 6-7 may suggest that mus-
cle contraction has a greater influence than the severity of brain in-
jury. In patients with traumatic brain injury, the energy metabolic 
rate is typically 120-250% higher than the basal energy expenditure 
calculated using the Harris-Benedict equation, and it ranges from 
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76-120% when sedatives, paralytics, or barbiturates are used. 
Therefore, providing 140% of the predicted basal energy expendi-
ture (BEE) is necessary for patients without paralysis49). 

3) Stroke 
The energy requirements for stroke patients have been reported 

variably in the literature. Stroke patients can be broadly categorized 
into ischemic stroke and hemorrhagic stroke. 

In acute ischemic stroke patients, the total energy expenditure 
(TEE) is lower compared to other critically ill patients. When pro-
viding caloric supply to typical critically ill patients, there is a high-
er risk of overnutrition. The Harrison-Benedict equation (HBE) 
shows a relatively high correlation with the predicted TEE, so it is 
recommended to use HBE or indirect calorimetry to evaluate nu-
tritional requirements50). 

In contrast, high-weight based energy calculations (30kcal/kg) 
are better predictors of resting energy expenditure (REE) in hem-
orrhagic stroke patients, while low-weight based energy calcula-
tions (25kcal/kg) are better predictors in acute ischemic stroke pa-
tients51). Hemorrhagic stroke patients had a basal energy expendi-
ture (BEE) of 126% (101-170%) during the first week, which was 
not statistically different from the mean BEE of 147% (114-176%) 
in patients with severe traumatic brain injury. Therefore, similar to 
patients with traumatic brain injury, hemorrhagic stroke patients 
have an increased metabolic rate, and there is a risk of under-sup-
plying nutrition compared to standard critically ill patients52). In a 
study of spontaneous intracerebral hemorrhage patients, the aver-
age REE increased by 117.5%, and the energy requirement peaked 
between 7-10 days as time progressed. In patients with aneurysmal 
subarachnoid hemorrhage, the energy requirement initially started 
close to 25kcal/kg but gradually increased, reaching above 30kcal/
kg on the sixth day53). 

Influence of sedation and neuromuscular blockade on energy 
demand in neurocritical care patients 

Many medications used in neurocritical care, particularly seda-
tives and muscle relaxants, have an impact on energy requirements. 
Although the reported effects vary in the literature, sedation with 
midazolam and fentanyl has been shown to decrease the average 
resting metabolic rate (RMR) by 6–33%, while neuromuscular 
blockers reduce it by 11–33%54-57). No significant difference in 
metabolic rate reduction was observed between propofol and mid-
azolam54), with some studies showing a decrease in energy require-
ments by an average of 25%. 

Fever has been reported to increase energy consumption by 10% 
per 1°С, and sepsis raises energy consumption regardless of fe-

ver46). In sedated brain-injured patients, sepsis and body tempera-
ture have been reported as the main causes of changes in energy 
consumption. The relationship between sedation and energy con-
sumption suggests that the deeper the sedation, the lower the ener-
gy consumption55,56). When sedation is deep enough to eliminate 
spontaneous movement, there seems to be little difference be-
tween drugs.  

1) Propofol
Propofol is a widely used sedative in neurocritical care patients 

due to its effect on reducing intracranial pressure. Propofol is for-
mulated as a 10% lipid emulsion of soybean oil, which itself pro-
vides 11 kcal/g (1.1 kcal/mL) of energy. If this is not considered, it 
can lead to an oversupply of calories, hypertriglyceridemia, and in-
appropriate protein provision57). When using commercial intrave-
nous nutrition products simultaneously, lipid-free total parenteral 
nutrition (TPN) can be used, or if a fat-containing multi 
(3)-chamber bag is used, the fat-containing seal should not be 
opened, and only the catheter port of the dextrose and amino ac-
id-containing chamber bag should be connected, allowing the ad-
ministration of a lipid-free dextrose and amino acid solution. 

Changes in energy requirements during targeted temperature 
management (ttm) in neurocritical care patients 

Changes in body temperature are one of the main factors affect-
ing energy requirements, with a 1°С change in temperature causing 
a 5-7% decrease in cerebral metabolic rate58) and a 10-13% change 
in energy requirements46). Theoretically, when reducing the body 
temperature from 37°С to 33°С during TTM, at least a 40% reduc-
tion in energy requirements should occur, but in reality, a 20–30% 
reduction has been observed (Fig. 7)59-61). This difference is at-
tributed to hypermetabolic states caused by shivering, infection, 
and trauma, which make accurate prediction of energy require-
ments challenging. 

According to the POLAR-RCT study, which compared patients 
undergoing prophylactic TTM at 33°С for 3–7 days with traumat-
ic brain injury patients maintaining a normal body temperature of 
37°С, the average energy requirement on day 3 was 21 kcal/kg in 
the TTM group, a 20% reduction compared to the 27 kcal/kg in 
the normal body temperature group. On day 7, the TTM group's 
requirement was 25 kcal/kg, a 12% decrease compared to the nor-
mal group's 28 kcal/kg. After TTM, between days 8–14, a hyper-
metabolic state was confirmed with 33 kcal/kg61). In patients with 
cerebral infarction, energy requirements decreased by 29% during 
TTM at 33°С and increased to 116% after rewarming59). 
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Nutritional support in patients with targeted temperature management 
(ttm) 

While early enteral nutrition is recommended for both general 
critically ill patients and those with severe head injuries, the appro-
priate nutritional support method for neurocritical care patients 
undergoing TTM remains unclear. Enteral nutrition should be ap-
proached with caution during TTM below 34°С due to the poten-
tial for paralytic ileus caused by reduced bowel motility and hemo-
dynamic instability. It is often recommended to delay enteral nutri-
tion until rewarming due to the risk of bowel ischemia or necrosis. 
ESICM recommends starting low-dose enteral nutrition early and 
increasing the supply after rewarming, although the evidence level 
is low (Grade 2D)62,63). 

Studies on the safety of enteral nutrition during TTM exist, and 
research results indicate that early enteral nutrition is safe during 
TTM at 33-34°С in cardiac arrest and hypoxic-ischemic encepha-
lopathy patient groups60,61,63-67). An RCT study conducted in pa-

tients with traumatic brain injury showed that although the TTM 
group experienced more interruptions in enteral nutrition due to 
increased gastric residual volume, the reduced energy requirements 
due to TTM enabled them to better meet their energy needs com-
pared to the normothermic group61). A study in patients with intra-
cerebral hemorrhage found that enteral nutrition was delayed in 
TTM patients compared to the normothermic group, and the av-
erage caloric supply from days 0-3 was lower (398 kcal compared 
to 1006 kcal in the normothermic group). However, there was no 
association with adverse GI-related events or the occurrence of 
ventilator-associated pneumonia (VAP), indicating the feasibility 
of early enteral nutrition in TTM patients64). These studies are lim-
ited by small patient numbers and a focus on safety and meeting 
nutritional requirements during TTM in neurocritical care pa-
tients; no research has been conducted on improving outcomes, so 
caution is needed when interpreting the impact of nutrition on 
neurological outcomes. 

Nevertheless, the benefits of enteral nutrition, including the 
preservation of intestinal mucosal function and maintenance of 
immune function, advocate for the implementation of early enteral 
nutrition even during targeted temperature management. It is rec-
ommended to monitor for gastrointestinal intolerance and adjust 
the dosage based on the patient's clinical presentation. 

CONCLUSION 

In conclusion, optimizing energy supply and metabolic support 
in neuro-critically ill patients requires a detailed understanding of 
the specific roles and interactions of various amino acids and mi-
cronutrients, such as branched-chain amino acids (BCAAs), me-
thionine, serine, arginine, glutamate, and selenium. These elements 
are crucial in modulating neuronal function, energy metabolism, 
and neuroprotection, ultimately influencing patient outcomes. 

BCAAs, comprising valine, leucine, and isoleucine, are precur-
sors to the neurotransmitters glutamate and GABA, and serve as 
key components of the citric acid cycle. Methionine is essential for 
the synthesis of s-adenosylmethionine (SAM) and glutathione, 
both of which play pivotal roles in gene expression, cellular signal-
ing, and protection from oxidative stress. Serine contributes to the 
formation of phosphatidylserine (PS), a crucial component of 
neuronal cell membranes that regulates synaptic receptor expres-
sion and neurotransmitter release. Arginine, a precursor to nitric 
oxide (NO), is involved in vascular relaxation and has been sug-
gested as a potential therapeutic target for vascular constriction. 

Understanding the complex relationship between BCAA levels 
and altered brain function, as well as the potential benefits of sup-
plementing other amino acids and micronutrients, is imperative 

Fig. 7. Effects of hypothermia on brain energy metabolism and 
alkalization. This figure illustrates the sequential processes induced 
by hypothermia, which lead to brain alkalization and altered energy 
metabolism. Hypothermia results in brain alkalization, which in turn 
increases glycolysis and ATP production. Concurrently, hypothermia 
causes a decrease in cerebral blood flow (CBF), cerebral metabolic 
rate of glucose (CMR glucose), and cerebral metabolic rate of oxygen 
(CMRO2), leading to reduced ATP consumption. These combined 
effects of hypothermia contribute to the maintenance of cellular 
function under pathologic conditions, such as ischemia or traumatic 
brain injury, by preserving energy balance and promoting neuropro-
tection.
CMRO2: Cerebral metabolic rate of O2, CMR: Cerebral metabolic 
rate of glucose, Pi: Inorganic phosphate.
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for tailoring nutritional interventions for neuro-critical patients. 
Furthermore, special considerations in nutritional support encom-
pass the assessment of energy demands, which may be influenced 
by the severity and etiology of brain injury, concomitant drug ther-
apy (including sedatives and neuromuscular blockers), and target-
ed temperature management. 

Future research should focus on elucidating the intricate rela-
tionships between these nutritional factors and their impact on 
neuro-critical patients, with the aim of establishing evidence-based 
guidelines to enhance metabolic support. By refining our under-
standing of these elements and tailoring nutritional interventions, 
we can ultimately contribute to improved patient outcomes and 
expedite recovery in this vulnerable population. 
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