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Introduction
Critical illness is defined as vital organ dysfunction 
that is life threatening and requires intensive care 
unit (ICU) admission for life sustaining interventions, 
such as mechanical ventilation.1 The critical illness 
itself and frequent need for sedation can lead 
to unconsciousness and immobilization. Severe 
critical illness is associated with inflammation, 
anorexia, gastrointestinal dysfunction, and 
metabolic disturbances, which generate pronounced 
catabolism responsible for protein loss, muscle 
wasting and weakness, and physical function 
impairments that can persist for years.2-6 Many 
survivors experience post ICU syndrome, which 
variably combines ICU acquired weakness, cognitive 
dysfunction, musculoskeletal disorders, frailty, 
fatigue, endocrinopathies, and mood disturbances.4 
Critical illness is thus a time of extraordinary 
vulnerability, dependency, and change for patients 
and relatives (fig 1). 

Nutritional support is an integral component of 
life sustaining strategies designed to counteract the 
detrimental effects of critical illness by providing 
energy and nutrients, preventing deficiencies in 
vitamins and trace elements necessary for protein 
synthesis, and minimizing the loss of protein and 
muscle mass.7

Knowledge of nutritional support of critically ill 
patients has relied on small randomized controlled 
trials (RCTs) and observational studies with low levels 
of evidence.8 Recent RCTs challenge the traditional 
emphasis on early aggressive macronutrient 

provision for all patients.9-11 Three themes have 
emerged. First, low calorie and protein intakes could 
improve outcomes, especially early during the acute 
phase of critical illness (ie, typically the first week 
in ICU) (fig 1).12-14 Second, nutrition alone could be 
insufficient to restore muscle mass and function.2 15 
Third, pharmaconutrients have not shown benefits 
in patients with multiple organ failure (fig 2).16-18

The purpose of this review is to discuss current 
evidence on nutritional support during critical 
illness, to highlight new insights from recent studies, 
and to explore evolving concepts of nutrition and 
rehabilitation in critically ill patients. This review is 
intended for researchers and clinicians, including 
general internists, family practitioners, and ICU 
healthcare professionals.

Epidemiology
Of the millions of patients admitted to ICUs 
worldwide each year, most are unable to eat and 
therefore require nutritional support. The prevalence 
of malnutrition in those patients ranges from 38% 
to 78%.19 Sarcopenia is common and associated 
with worse outcomes.20 Among survivors of severe 
critical illness who require invasive mechanical 
ventilation and vasopressors, 25% to 100% have ICU 
acquired weakness with muscle wasting, functional 
impairments, delayed recovery, and poor quality of 
life, which may persist for months or years.2  4  21  22 
The efficacy of nutritional support in preventing and/
or correcting the effects of stress catabolism remain 
unclear.15
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Sources and selection criteria
We used PubMed database, the authors’ libraries, 
and the reference lists of guidelines and landmark 
articles as sources of data for this review. We 
searched PubMed using keywords and keyword 
combinations to identify relevant articles on 
nutritional support in the ICU published from 2000 
to 2023. Only English language articles published 
in peer-reviewed journals were selected. We used 
the following keywords: critical illness, critically ill, 
intensive care unit, intensive care, organ support, 
mechanical ventilation, enteral nutrition, enteral 
feeding, parenteral nutrition, parenteral feeding, 
nutritional assessment, malnutrition, energy need, 
calorie intake, energy intake, protein needs, protein 
intake, rehabilitation, ICU acquired weakness, gastric 
feeding, jejunal feeding, intolerance, micronutrients, 
and vitamins. We considered retrospective studies 
from large databases, prospective cohort studies, 
randomized trials, meta-analyses, systematic 
reviews, guidelines, and protocols. Given the high 
risk of bias in observational nutrition studies, we 
prioritized RCTs, which were adequately powered to 
assess treatment effectiveness on patient centered 
and publicly preregistered primary clinical outcomes, 
whenever available.9 Key studies published before 
2000 were also included if they were highly cited, 
helped to understand recent data or concepts, or 
were not followed by more recent studies on the 
same topic.

Assessing nutritional needs
Critical illness can be roughly divided into two 
phases: the acute phase and the recovery phase (fig 
1). The acute phase is marked by catabolism and 
typically lasts until the end of the first week in ICU. 
By contrast, the recovery phase is characterized by 
anabolism with restoration of muscle mass and 
function. However, clinically or biologically relevant 
markers have not yet been identified to definitively 
identify the switch from the catabolic phase to 
the anabolic phase. Malnutrition with a negative 
energy balance has been associated with impaired 
wound healing, immune dysfunction, secondary 
infections, increased muscle loss, worse metabolic 
disturbances, and worse survival.19  23-25 Delaying 
the provision of estimated nutritional requirements 
in patients unable to feed themselves for prolonged 
periods appears clinically counterintuitive and, in 
some sociocultural contexts, might be perceived as 
unacceptable. Nonetheless, the optimal nutritional 
supply during critical illness remains unclear.

Defining the energy and protein intakes required to 
minimize catabolism in the acute phase of critical 
illness
Protein and muscle loss occur quickly during critical 
illness.26 A study involving serial femoral ultrasound 
scans demonstrated that cross sectional muscle mass 
decreased by 1% to 2% each day until at least day 
10 in ICU.2 Factors associated with worse muscle 
wasting were a greater number of failing organs, 
higher serum C reactive protein levels and, strikingly, 
higher protein intakes.2 21 The extent to which protein 
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Fig 1 | The clinical trajectory of critically ill patients. EN=enteral nutrition; PN=parenteral nutrition; ICU=intensive care unit
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loss can be mitigated by nutritional intervention is 
unclear. A metabolic investigation in 16 critically 
ill patients found that intravenous glucose or lipid 
administration failed to suppress endogenous 
glucose production and protein oxidation during the 
first week in ICU.27 A randomized crossover study 
of amino acid kinetics administered intravenous 
glutamine to 12 patients dependent on continuous 
veno-venous hemofiltration. Plasma concentrations 
of glutamine were restored but muscular glutamine 
release was not reduced, confirming the existence of 
anabolic resistance.28 In a subgroup of 122 patients 
enrolled in the EPaNIC (evaluating Early versus late 
initiation of Parenteral Nutrition to supplement 
insufficient enteral nutrition In Critical illness) RCT, 
early supplemental intravenous protein, glucose, and 
lipids neither attenuated up regulated myofibrillar 
catabolic pathways nor suppressed synthesis, as 
assessed on femoral muscle biopsies after the first 
week in ICU (fig 2).12  21 Thus, loss of microscopic 

myofiber size and macroscopic muscle volume was 
similar in patients with early as compared to late 
initiation of parenteral nutrition despite a between-
group difference in cumulative energy debt exceeding 
9000 kcal on average during the first week in ICU.21 29 
In summary, the available applied physiology data 
do not allow the determination of early nutritional 
needs in patients with critical illness, as they are 
rendered unreliable by anabolic resistance.

Epidemiological basis for determining nutritional 
needs early in critical illness
A large observational study of mechanically 
ventilated patients (n=2772) found that a higher 
energy intake was associated with lower day 60 
mortality (odds ratio, 0.76; 95% confidence interval, 
0.61 to 0.95; P=0.01 per 1000 kcal/day increment) 
and that a higher protein intake was associated 
with better survival (adjusted odds ratio 0.84; 95% 
confidence interval, 0.74 to 0.96; P=0.008 per 30 
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g protein/day increment). For both calories and 
protein, the associations were strongest in patients 
whose body mass index (BMI) was <25 or ≥35 kg/
m2.25 Overfeeding (36 v 31 kcal/kg/day), on the other 
hand, was associated with bloodstream infections 
(P=0.003) in a prospective longitudinal study of 
200 patients in ICU receiving parenteral nutrition.30 
However, in reanalyses of several large RCTs based on 
various mathematical models, cumulative energy or 
protein doses were positively, negatively, or neutrally 
related to morbidity and mortality.31 Moreover, in a 
post hoc analysis reanalysis of the EPaNIC trial, the 
observed thresholds for potential harm from energy 
and protein overfeeding were lower than 50% of the 
calculated targets.32 Importantly, the interpretation 
of observational data is hindered by indication bias, 
as patients with greater illness severity and/or an 
unfavorable clinical course are often harder to feed 
or, conversely, are given more aggressive nutritional 
interventions. Moreover, immortal time bias can 
occur: as feeding improves over time in the ICU, an 
increased nutritional intake can be the consequence, 
rather than the cause, of a prolonged stay in ICU and 
higher ICU survival.33 These biases could explain why 
treatment effects of nutritional support suggested by 
observational studies have not been confirmed by 
RCTs. Only RCTs can provide reliable guidance for 
clinical practice.31 34-36

Defining nutritional needs based on RCTs comparing 
different doses of energy, protein, or both  
RCTs on energy doses
The PermiT (Permissive Underfeeding versus Target 
Enteral Feeding in Adult Critically Ill Patients) RCT 
in 894 medical ICU, surgical ICU, or trauma patients 
in ICU compared early, isonitrogenous energy 
restriction (permissive underfeeding) with standard 
feeding (835 ±297 v 1299 ±467 kcal/day, P<0.001; 46 
±14% v 71 ±22% of estimated calorie requirements, 
P<0.001) for up to 14 days.37 Neither the primary 
outcome of day 90 mortality nor secondary clinical 
outcomes differed between the two arms. The 
TARGET (Augmented versus Routine Approach to 
Giving Energy) RCT compared isonitrogenous high 
calorie feeding by energy dense enteral nutrition 
(1.5 kcal/mL) with standard feeding for up to four 
weeks (1863 ±478 v 1262 ±313 kcal/day) and found 
no difference in survival or ICU dependency in 3957 
mixed patients in ICU.38 Neither quality of life nor 
function in daily life differed in six month survivors 
between the two arms.39 In summary, isonitrogenous 
energy intakes of 40%, 70%, or 100% of estimated 
targets, starting at the early phase of critical illness 
and continuing for up to four weeks, did not improve 
survival in high quality RCTs. Thus, the evidence 
does not support early up-to-target feeding (fig 3).

Some experts attribute the above findings to 
energy targets in both study arms being estimated 
by calculations based on body weight, age, sex, and 
other clinical characteristics. Indirect calorimetry 
based on oxygen consumption, carbon dioxide 
production, and several physiological assumptions 

could provide a more accurate estimate of the true 
resting energy expenditure.40 41 Indirect calorimetry 
can be difficult to perform and its results can be 
confounded by a high inspiratory oxygen fraction, 
presence of chest tubes with air leaks, intermachine 
variability, and other factors.42  43 Data from a 
retrospective study in 1171 patients suggest that 
giving energy doses closer to the measured resting 
energy expenditure might improve outcomes.41 
However, the single center EAT-ICU (Early goal-
directed nutrition in ICU) RCT, using indirect 
calorimetry and urine nitrogen measurements to 
guide macronutrient doses was not associated with 
significant improvement in the primary outcome, of 
physical functioning at six months, or in any of the 
secondary clinical outcomes.44 Importantly, indirect 
calorimetry does not measure endogenous nutrient 
release, which is not suppressed by exogenous 
nutrients.27 Moreover, even in experienced hands, 
routine implementation of indirect calorimetry 
in the ICU is challenging; the international Tight 
Calorie Control (TICACOS) RCT evaluating indirect 
calorimetry guided feeding was stopped prematurely 
after six years with only 417 patients enrolled in 
seven ICUs with indirect calorimetry experience (10 
patients/center/year).45  46 Nonetheless, given recent 
improvements in indirect calorimetry technology, 
the usefulness of indirect calorimetry for estimating 
energy requirements should be further investigated, 
because it could prevent overfeeding during the 
acute phase and later on, and improve outcomes.

RCTs on protein doses
International guidelines recommend protein doses 
of 1.2–2.2 g/kg/day, although the supporting 
evidence is weak.31  47-49 Of note, these protein/
amino acid targets are rarely achievable with 
standard, commercially available enteral nutrition 
and parenteral nutrition preparations. The effect of 
higher protein doses was tested in 1301 critically 
ill patients at high nutritional risk (EFFORT-Protein 
RCT) by adding separate supplies of enteral protein 
or parenteral amino acids, or both until discharge 
from ICU or day 28 in ICU. Mean protein/amino 
acid intake was 1.6 ±0.5 v 0.9 ±0.3 g/kg/day (fig 
3).50 Neither the duration of ICU dependency nor 
day 60 survival differed between the two arms. 
The intervention could have increased mortality in 
patients with acute kidney injury, notably those not 
receiving renal replacement therapy (n=312).51 The 
high protein/amino acid group had higher blood 
urea concentrations, suggesting greater protein 
catabolism, consistent with earlier RCTs.12 18 44 52 53

RCTs on energy and protein doses 
In the EDEN RCT, trophic feeding with major energy 
and protein restriction (400 kcal and 0.3–0.4 g 
protein/kg/day, ie, about 25% of the standard 
targets) for up to six days in patients with acute lung 
injury resulted in similar clinical outcomes and less 
gastrointestinal intolerance compared with early full 
feeding (1300 kcal and 0.96–1.28 g protein/day, ie, 
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about 80% of the standard targets).14 Importantly, 
detailed functional physical and cognitive testing 
after 6 and 12 months in 174 survivors and self-
reported physical function (36-item Short Form (SF-
36)) in 525 12 month survivors from this trial revealed 
neither harms nor benefits of trophic feeding.5  6 By 
contrast, in 3044 mechanically ventilated patients 
requiring vasopressor support included in the 
NUTRIREA-3 RCT, energy and protein restriction (6 
kcal/kg and 0.2–0.4 g/kg/day) versus 25 kcal/kg and 
1.0–1.3 g/kg/day during the first week shortened ICU 
dependency and ventilator dependency and reduced 
the incidence of vomiting, diarrhea, and abdominal 
ischemia.13 Similarly, in the EPaNIC RCT (n=4640), 
withholding early supplemental parenteral nutrition 
during the first week of critical illness enhanced 
recovery and decreased ICU acquired weakness 
and other morbidities. Inhibition of autophagy, a 
housekeeping mechanism crucial to preserving 
cell integrity and function, could explain the 
potentially detrimental effects of higher calorie and 
protein supplies early during critical illness. Loss of 
autophagy could cause the higher incidence of ICU 
acquired muscle weakness with early supplemental 
parenteral nutrition.21 54-56 This hypothesis deserves 
further study. Anorexia during acute critical illness 
was suggested two decades ago as an adaptive 
mechanism, with early energy restriction possibly 
limiting the detrimental metabolic effects of the 
inflammatory response during the acute phase, and 
perhaps also impairing the growth of pathogenic 
microorganisms by decreasing the availability of 
micronutrients derived from food.57 Early nutrient 
restriction could also promote ketogenesis, thereby 
avoiding excessive breakdown of amino acids.9 Last, 
in patients not given early supplemental parenteral 
nutrition due to enteral nutrition intolerance during 
the first week of critical illness, tight glycemic control 
affected neither the duration of ICU dependency nor 
mortality, compared to liberal glucose control (TGC-
Fast RCT, n=9230).58 This result could be owing to 
the low calorie intake (400-800 kcal/day during the 
first week) and subsequent less severe hyperglycemia 
than previously reported.

In summary, moderate energy and protein 
restriction appears safe for several weeks in ICU, 
and emerging data show that restricting energy 
and protein to 6 kcal/kg/day and 0.3–0.4 g/kg/day, 
respectively, during the acute phase of critical illness 
could enhance recovery and decrease morbidity.

Vitamins, trace elements, and pharmaconutrients
During critical illness, serum levels of glutamine, 
growth hormone, vitamin D, selenium, and vitamin 
C are reduced. Despite strong associations linking 
these reductions to poor outcomes in observational 
studies and promising results of pilot clinical trials, 
corrective interventions were either not beneficial 
or detrimental in adequately powered RCTs.18  59-62 
These unexpected results suggest that either serum 
levels are unreliable for assessing deficiencies or the 
reduced levels are adaptive during the acute phase 

of critical illness. Other pharmaconutrients such as 
arginine, omega 3 fatty acids, and antioxidants have 
been suggested to modulate the immune response 
and dampen excessive inflammation, thereby 
preventing organ damage or promoting recovery.63 64 
However, RCTs in critically ill patients with multiple 
organ failure did not show benefits from supplying 
these nutrients.16-18

Evaluation of nutritional status and nutritional 
support effects
Tools for nutritional risk assessment include the 
Subjective Global Assessment, Mini Nutritional 
Assessment, Malnutrition Clinical Characteristics, 
and Malnutrition Universal Screening Tool.65  66 
The Nutrition Risk Screening 2002 (NRS-2002) 
developed and validated in patients not in ICU 
incorporates age, food intake, weight loss, BMI, and 
illness severity.67 It was developed by comparing 
disease severity, preadmission nutritional intake, 
and BMI in 8944 patients enrolled in RCTs. A score 
greater than five was associated with increased ICU 
mortality.67 68 The Nutrition Risk in the Critically Ill 
(NUTRIC) score is based on observational data from 
597 patients in ICU.65 Higher scores were associated 
with higher day 28 mortality, but this association 
was weaker in patients who met calorie targets.65 
The modified NUTRIC (mNUTRIC) score omits the 
inflammation marker IL-6, whose inclusion does not 
improve predictive performance.69 The mNUTRIC 
score relies on age, Acute Physiology and Chronic 
Health Evaluation II score, Sequential Organ Failure 
Assessment score, number of comorbidities, and 
number of days from hospital admission to ICU 
admission. These criteria are related to illness 
severity rather than nutritional status. A systematic 
review of studies that used different validated 
tools found that malnutrition was independently 
associated with longer stays in ICU, readmission to 
ICU, a higher incidence of infections, and higher 
hospital mortality.19

Various anthropometric parameters such as BMI, 
mid-upper arm circumference, and triceps skinfold 
thickness used to assess malnutrition have limited 
sensitivity and specificity. BMI, for example, does not 
reliably reflect cell mass and is affected by the fluid 
shifts seen during critical illness.70 Serum biomarkers 
such as albumin, prealbumin (transthyretin), 
transferrin, and retinol binding protein are often 
taken as indicators of nutritional status. However, 
these biomarkers invariably decrease during acute 
infection or inflammation and can be affected by 
non-nutritional factors such as liver disease or 
protein-losing disease, making them unhelpful in 
guiding decisions on nutritional support.71-73

Recently, muscle mass assessed by ultrasound 
or computed tomography was investigated as a 
measure of nutritional status. In a systematic review, 
low skeletal muscle mass defined using computed 
tomography was present in 50.9% of patients in 
ICU and was associated with short term mortality.74 
Other measurement methods to measure body 
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composition, such as bioelectrical impedance, 
could have prognostic value in critically ill patients, 
but their role in guiding nutritional interventions 
remains unclear.75

Before being considered for clinical practice, 
nutritional biomarkers and risk scores will have to 
be shown in RCTs to discriminate between patients 
who respond to nutritional therapy and those who do 
not. A post hoc analysis of the PermiT RCT revealed, 
strikingly, that only low pre-albumin predicted a 
potential benefit from nutrient restriction.76 This 
finding could indicate greater benefit of nutrient 
restriction in the most severely ill patients. The 
mNUTRIC-score, transferrin, phosphate, urinary urea 
nitrogen, nitrogen balance, and BMI do not identify 
patients with different responses to permissive 
versus standard feeding. Similarly, demographic 
characteristics previously associated with nutritional 
risk did not help to identify subgroups with different 
responses to nutritional interventions in the EPaNIC 
(BMI, NRS-2002, surgical v medical emergency 
admission, APACHE II scores, sepsis), EFFORT (BMI, 
mNUTRIC, sepsis), or TARGET (BMI) RCTs.12  32  38  50 
In critically ill patients in ICU randomized after 
stratification into high and lower nutritional risk 
groups (mNUTRIC ≥5, n=106 and mNUTRIC <5, 
n=44), no differences were demonstrated between 
trophic feeding and full feeding regarding day 14 
and day 28 survival or ventilator, ICU, or hospital 
dependency.77 Two year survival and SF-36 physical 
functioning in patients deemed at higher nutritional 
risk based on the NRS-2002, mNUTRIC or age above 
70 years, was not compromised by withholding 

parenteral nutrition for one week in a large (n=3292) 
follow-up study of the EPaNIC RCT.78

In summary, we lack validated tools to guide 
nutritional support in critically ill patients. None 
of the currently available nutritional risk measures 
identifies patients known to benefit from an adaptive 
or individualized nutritional support strategy in the 
ICU. Whether the newly published SCREENIC score, 
which relies on six basic clinical characteristics, and 
the recently promoted Global Leadership Initiative 
on Malnutrition (GLIM) criteria perform differently 
remains to be investigated in RCTs before these tools 
can be used in ICUs.79

The importance of evaluating nutritional 
interventions using patient centered functional 
outcomes, as opposed to only mortality and 
ICU dependency, is welcomed.5  6  21  39  78  80 The 
development of muscle weakness in the ICU, as 
assessed at the bedside in awake and cooperative 
patients by the Medical Research Council Sum Score, 
predicts long term morbidity.81 Competing events 
such as death or discharge from ICU, however, 
complicate such assessments. Providing 1.2 g/kg 
versus 0.8 g/kg of amino acids in 119 patients in ICU 
dependent on parenteral nutrition improved early 
handgrip strength.82 However, after correction for 
the slightly lower mortality in the low protein group, 
probably due to chance, the handgrip strength gain 
was not significant.83 Using biological responses 
for monitoring and nutrition guidance seems self-
evident but is challenging to implement during 
RCTs, let alone in clinical practice, and carries a 
risk of interpretation errors. Table 1 lists key aspects 

Table 1 | Key features of nutritional support in patients treated with mechanical ventilation
Feature Prescription Expected benefits Level of evidence*
Timing Start early (within 24-48 hours after ICU admission) Could reduce mortality, infectious morbidity and 

length of stay in hospital
Low

Route Enteral or parenteral nutrition during acute phase† 
Enteral nutrition after acute phase† 
Parenteral nutrition in patients with persistent intolerance 
or contraindications to enteral nutrition

No difference in main outcomes between parenteral 
and enteral nutrition in randomized controlled trials

High

Dose in acute phase† Low calorie, low protein Shorter stay in ICU and fewer complications versus 
standard intakes 
Impaired outcomes with higher protein doses in acute 
kidney injury

High

Dose in recovery phase‡ 25 kcal/kg/day and 1-1.2 g protein/kg/day No benefit of higher doses in overall population High
Continuous delivery over 24 hour 
cycle

Adjust flow rate to obtain required dose in 24 hours Better tolerance of enteral nutrition, no impact on 
other outcomes

Low

Serum phosphate level monitoring If serum phosphate <0.65 mmol/L, decrease calorie intake 
to 20 kcal/h for at least 48 hours

Could reduce mortality Moderate

ICU team approach Involve dietitians in follow-up of patients in ICU Increased adequacy to nutritional needs Low
Micronutrients Supplemental micronutrients in patients receiving 

parenteral nutrition or <1500 kcal/day enteral nutrition
Decreased risk of deficiencies and subsequent 
complications

Low

Biological marker of nutritional status 
or efficacy of nutritional support

Not available to date Decreased blood loss by sampling  
Lower workload

Moderate

Mobilization Associate early and adapted mobilization Shorter duration of mechanical ventilation and stay 
in ICU

Moderate

ICU=intensive care unit.
*Level of evidence was assigned based on highest quality study design included. High: at least one large, well designed randomized controlled trial. Moderate: one randomized controlled trial with 
methodological limitations, or well designed prospective observational studies with comparisons between groups. Low: observational and/or retrospective studies. All four authors agreed on which 
studies to select and on final assignment of evidence levels.
†Acute phase defined as first seven days after admission to ICU.
‡Recovery phase defined as period after seven days in ICU.
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of nutritional support in patients on invasive 
mechanical ventilation.

Routes of nutritional support
Enteral nutrition in the ICU
Enteral nutrition is the preferred treatment for 
nutritional support in patients with a functioning 
gastrointestinal tract who are unable to eat.34 47 49 84 
Enteral nutrition is typically given continuously 
through a nasogastric tube, using a pump. A small-
bore tube (no larger than 14 French) is preferred to 
minimize the risk of sinusitis and mucosal injury.85 
Tube placement with the tip in the middle of the 
stomach must be confirmed before starting delivery 
of enteral nutrition. The tube position can be checked 
by chest radiograph, air insufflation, end-tidal 
CO2 measurement, pH testing, or ultrasonography. 
Chest radiography after blinded tube insertion is 
the most reliable method and remains the reference 
standard.86  87 Iso-osmotic, isocaloric, normal 
protein polymeric formulas provide all the necessary 
nutrients and constitute the preferred option, at least 
during the first week of critical illness. A recent meta-
analysis of observational and randomized studies 
in patients in ICU indicated that enteral nutrition 
solutions containing dietary fiber were associated 
with decreases in incidence and severity of diarrhea, 
without increases in other adverse events.88 The 
strength of evidence was assessed as low or very low 
and all studies had small samples, therefore, this 
finding should be confirmed by adequately powered 
high quality RCTs of enteral nutrition formulations 
containing dietary fiber. Other preparations, such 

as formulations high in calories or protein, have 
not demonstrated clear benefits and may increase 
gastrointestinal complications (table 2).38 50

In most patients, enteral nutrition can be safely 
initiated at the flow rate required to achieve the 
prescribed energy intake.89 Continuous enteral 
nutrition delivery using a feeding pump over a 24 
hour cycle is a common practice.90 Intermittent 
feeding is usually delivered over 20–60 minutes by 
an infusion pump or gravity drip every 4–6 hours 
and bolus feeding using a syringe or gravity drip 
usually over 5–10 minutes every 4–6 hours.91 The 
aim of continuous feeding is to improve tolerance 
and decrease the risk of aspiration.91 However, 
intermittent or bolus administration could be more 
physiologic and effective in delivering nutrients 
because it avoids the frequent interruptions 
encountered with continuous feeding. Intermittent 
enteral nutrition could also be more effective 
than continuous feeding in stimulating protein 
synthesis.92  93 Compared with continuous feeding, 
intermittent feeding (and perhaps to an even 
greater extent intermittent fasting) helps reset the 
circadian rhythm and stimulates the secretion of 
postprandial gastrointestinal hormones that regulate 
gastrointestinal tract motility, gallbladder and 
pancreatic function, and nutrient absorption.11 91 94 
However, data from high quality RCTs about the 
best enteral nutrition time schedule remain limited. 
In a phase 2 single blind RCT (n=92), intermittent 
feeding was not associated with the preservation of 
muscle mass (the primary outcome) compared with 
continuous feeding, despite improved achievement 
of nutritional targets (25 kcal/kg/day and 1.2 g 

Table 2 | Ten recommendations to improve the delivery of enteral nutrition in patients in ICU

Recommendation Benefits and drawbacks 
Level of evidence,*  
studies referenced

Have a protocol for delivery of enteral nutrition and management of 
intolerance

Fewer errors, fewer periprocedural interruptions, increased standardization, 
increased enteral nutrition delivery 
No proven effect on patient outcomes

Low113 160 193

Prefer first line gastric to jejunal enteral nutrition Shorter time to initiation of enteral nutrition and no difference in mortality or 
duration of mechanical ventilation 
Possibly more vomiting and pneumonia with gastric v jejunal feeding

High106 107

Do not routinely monitor residual gastric volume Higher energy intake 
No increase in pneumonia 
Possibly increased incidence of vomiting

High102

Use prokinetic agents in case of vomiting Reduces incidence of vomiting Moderate105

Use trophic feeding (low calorie or low protein) during acute phase† Better gut mucosa preservation, faster recovery, fewer digestive complications, 
fewer infections

High12-14 194

Use a small bore tube (no larger than 14 French gauge) Decreases risk of sinusitis and mucosal injury Moderate85-87

Perform routine chest radiography to check the tube tip is in the 
middle of the stomach

Avoids aspiration and pneumonia Moderate85-87

Use iso-osmotic, isocaloric, normal protein polymeric formulas Better tolerated than high calorie or high protein formulas, which have no  
benefit on outcomes

High38 50

Continue enteral nutrition in patients turned in prone position or 
treated with extracorporeal membrane oxygenation

Reduced intolerance and increased delivery of nutrients with adequate 
management of enteral nutrition

Low114 115

Fiber Reduced incidence of diarrhea Low88

Continue enteral nutrition until extubation Non-inferior to 6 hour fasting for extubation failure, earlier extubation, and 
shorter stay in ICU

High116

ICU=intensive care unit.
*Level of evidence was assigned based on highest quality study design included. High: at least one large, well designed randomized controlled trial. Moderate: one randomized controlled trail with 
methodological limitations, or well designed prospective observational studies with comparisons between groups. Low: observational and/or retrospective studies. All four authors agreed on which 
studies to select and on the final assignment of evidence levels.
†Acute phase defined as first seven days after admission to ICU. 
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protein/kg/day).93 In a recent systematic review of 
observational and randomized studies in patients in 
ICU, continuous and intermittent enteral nutrition 
showed no clinically relevant differences for most of 
the outcomes.95

Complications
The most common complication of early enteral 
nutrition in critically ill patients is upper 
gastrointestinal intolerance, which is related to 
gastric hypokinesia and delayed gastric emptying, 
though definitions of enteral nutrition intolerance 
vary across studies.96 Delayed gastric emptying 
can lead to increased gastric residual volume, 
gastroesophageal reflux, regurgitation of feed into the 
upper respiratory tract, and/or vomiting, occurring in 
up to 40% of patients on mechanical ventilation.97 98 
Not monitoring gastric residual volume did not 
increase the risk of ventilator associated pneumonia 
despite leading to more vomiting in an RCT, 
which indicates that the association between 
gastric residual volume and ventilator associated 
pneumonia is probably not causal.99  100-102 
Managing enteral nutrition intolerance could require 
discontinuing or substantially reducing the feed flow 
rate.103 104 Prokinetic drugs such as metoclopramide 
or erythromycin have been shown to increase gastric 
emptying and reduce vomiting in critically ill patients 
with enteral nutrition intolerance, yet their use 
remains controversial due to the lack of high quality 
evidence.97  105 Therefore, prokinetic drugs could be 
appropriate only after the acute phase in patients 
who are stable but exhibit persistent intolerance 
without evidence of gut obstruction.

Transpyloric or small bowel feeding has the 
theoretical advantage of bypassing the potentially 
hypokinetic stomach of critically ill patients. Two 
recent systematic reviews and meta-analyses of 
RCTs in patients in ICU suggested associations of 
transpyloric feeding with lower pneumonia rates 
and increased calorie delivery compared to gastric 
feeding but did not demonstrate benefits regarding 
other clinical outcomes such as invasive mechanical 
ventilation duration, length of stay in ICU, or 
mortality.106 107 Moreover, transpyloric tubes can be 
difficult to insert, thus requiring specific expertise 
and equipment, and often delaying enteral nutrition 
initiation compared to gastric feeding. Therefore, 
transpyloric feeding is usually reserved for patients 
with persistent and proven intolerance to gastric 
feeding.

Prolonged feeding through a nasogastric or 
orogastric tube has been associated with several 
complications, including nosocomial sinusitis, nasal 
and esophageal ulceration, gastroesophageal reflux, 
and nosocomial pneumonia.108 These complications 
might be less common with percutaneous 
gastrostomy, which has also been associated with 
lower rates of feeding interruption and improved 
patient comfort. As a result, percutaneous 
gastrostomy has been recommended for patients 
expected to require long term nutritional support 

(>30 days).109 However, a systematic review of RCTs 
in adults with swallowing disturbances or dysphagia 
and indications for nutritional support found no 
difference in mortality, complications, pneumonia, 
or nutritional status between nasoenteric tube and 
percutaneous gastrostomy feeding.110 In patients 
in ICU, no reliable studies have compared these 
two routes. Enteral feeding through a gastrostomy 
could be considered for critical illness survivors 
who experience discomfort and complications 
related to the nasoenteric tube, are unable to eat 
sufficiently and thus expected to require prolonged 
artificial nutrition, are at high nutritional risk, and 
are expected to be discharged to long term care 
facilities.111 This strategy was used during the 
covid-19 pandemic.112

Periprocedural interruption of enteral nutrition 
is common, often unjustified, and can lead to 
underfeeding. A dedicated enteral nutrition 
protocol can help to minimize enteral nutrition 
discontinuation during procedures.113 Previous 
observational studies evidenced a high prevalence 
of enteral nutrition intolerance among patients 
requiring prone positioning or extracorporeal 
membrane oxygenation.114  115 However, these 
treatments are mainly used in the most severe forms 
of critical illness, which are associated with poorer 
tolerance of enteral nutrition. To date, no high level 
evidence exists to definitively support a preference 
for enteral nutrition over parenteral nutrition in 
these patient populations. Before extubation, enteral 
nutrition is often stopped for 4–6 hours. However, 
this practice has been challenged by a recent cluster 
randomized trial demonstrating that continuing 
enteral nutrition until extubation was not inferior 
to fasting for six hours with continuous gastric tube 
suctioning regarding the seven day extubation failure 
rate.116 Moreover, patients who received continued 
enteral nutrition in this trial were extubated earlier 
and had shorter stays in ICU.

Parenteral nutrition in the ICU
Parenteral nutrition is indicated in patients with 
prolonged (more than one week) gastrointestinal 
dysfunction, including after abdominal surgery. 
Commercially available ternary admixtures 
packaged in multichambered bags provide all three 
macronutrients and are increasingly used instead of 
compounded parenteral nutrition formulations. The 
theoretical advantage of compounded parenteral 
nutrition formulations is improved tailoring to 
individual patient needs. Ready to use ternary 
preparations have theoretical advantages of 
reduced manipulation, decreased workload, and 
decreased patient risks.117 Standardized ternary 
parenteral nutrition products are available in 
formulations designed for both peripheral and 
central administration, with or without electrolytes. 
However, these solutions often lack vitamins and 
trace elements, which must be supplied separately 
according to the needs of each patient. In patients fed 
only by parenteral nutrition, providing a high calorie 
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and protein intake requires the use of hyperosmolar 
solutions, which should be administered via a central 
venous catheter or peripherally inserted central 
catheter to minimize the risk of venous damage and/
or thrombosis.

Criteria for choosing the feeding route in  
patients in ICU
Experimental and observational clinical studies 
support beneficial effects of enteral nutrition on 
immune function and on the physical and functional 
integrity of the gastrointestinal tract.118-123 Benefits 
might be optimal when enteral nutrition is started 
early, within 24–48 hours after admission to ICU. Early 
enteral nutrition has been associated with improved 
outcomes, including decreases in multiple organ 
failure and hospital acquired infection rates, lengths 
of stay in ICU and hospital, and mortality.64  124-128 
Numerous observational studies and meta-analyses 
providing low level evidence suggest beneficial 
effects of enteral nutrition compared with parenteral 
nutrition, including lower risks of hospital acquired 
infections, decreased costs and length of stays, and 
lower mortality. Supplemental parenteral nutrition 
prescribed to achieve 25–35 kcal/kg/day during the 
first week of critical illness in patients intolerant to 
enteral nutrition has been associated with longer 
stays in ICU and higher infection rates and should be 
avoided during the acute phase.12 The interpretation 
of the results of the study was hindered because many 
patients in both arms received both enteral nutrition 
and parenteral nutrition. The early parenteral 
nutrition trial found no difference in the primary 
outcome of day 60 mortality when patients with a 
relative contraindication to enteral nutrition were 
randomized to either early parenteral nutrition or 
standard care.129 The SPN trial evaluated parenteral 
nutrition guided by indirect calorimetry in 305 
patients and found no impact on patient centered 
outcomes compared with enteral nutrition alone. 
The primary outcome was nosocomial infection from 
day 8 to day 28, with earlier infections not being 
considered, raising challenges in interpretation.130 131

Two recent large randomized trials, CALORIES 
and NUTRIREA-2, compared enteral nutrition with 
parenteral nutrition during the acute phase of 
critical illness and found no difference in the primary 
outcome of mortality or in the major secondary 
outcomes including secondary infections and length 
of stay.132 133 NUTRIREA-2, which included patients 
given invasive mechanical ventilation and vasoactive 
drugs for shock, raised concern about an increased 
risk of gut ischemia with enteral nutrition.132 As 
a result, recent US guidelines recommend either 
parenteral nutrition or enteral nutrition during the 
acute phase of critical illness, emphasizing the need 
for an individualized patient assessment and careful 
monitoring of outcomes.31 Enteral nutrition is likely 
to be favored in most settings when physiological 
benefit, cost, availability, and experience are 
considered. After the acute phase (ie, when shock 
has resolved, as in the NUTRIREA-2 trial), enteral 

nutrition should be preferred over parenteral 
nutrition in patients without contraindications.

Irrespective of whether macronutrients are 
provided through parenteral nutrition or enteral 
nutrition, adequate doses of vitamins and trace 
elements at least equal to recommended daily 
allowances must be given, as was the case in the 
Refeeding-RCT, SPN trial, PermiT, EPaNIC and many 
other RCT’s.12  37  130  134 Higher doses might deserve 
consideration in patients receiving continuous renal 
replacement therapy, admitted for extended skin and 
soft tissue lesions, or having other factors associated 
with greater micronutrient losses.135 Enteral 
nutrition supplying about 1500 kcal/day contains 
sufficient micronutrients to cover recommended daily 
allowances. Protocols for intravenous micronutrient 
administration in addition to parenteral nutrition 
should consider potential interactions among 
micronutrients, stability, and exposure to sunlight.136

Timing of nutritional support
Timing of enteral nutrition
Critical illness results in multiple structural and 
functional alterations in the gastrointestinal tract, 
including atrophic intestinal mucosal changes with 
increased permeability, intestinal immune function 
impairment, and decreased nutrient absorption. 
These changes allow the translocation of toxic 
mediators, which contribute to distant organ injury 
and multiple organ failure.137 138 Animal models and, 
to a lesser degree, human studies indicate that these 
changes are more severe when enteral nutrition is 
delayed.139  140 Also, early enteral nutrition could 
mitigate the nutritional deficiencies that accumulate 
rapidly during the first week in ICU.47 Systematic 
reviews of RCTs indicate that early enteral nutrition 
(started within 24–48 hours after ICU admission) has 
beneficial effects on clinical outcomes. However, some 
of the included trials were considered at high risk for 
bias, and none addressed the optimal volume of early 
enteral nutrition.141 Nevertheless, clinical practice 
guidelines suggest enteral nutrition initiation within 
24–48 hours after ICU admission, despite the low 
or very low certainty of supporting evidence.48  49  90 
The expert consensus supports delaying enteral 
nutrition in patients with uncontrolled shock, severe 
upper gastrointestinal bleeding, bowel ischemia, 
or abdominal compartment syndrome.47  Table 
3 summarizes the recommendations for enteral 
nutrition initiation in special situations.

How quickly should energy and protein goals be 
achieved?
Multiple RCTs have challenged recommendations 
that energy and protein requirements should be 
met promptly during critical illness. Restricting 
the energy intake to 40% to 60% of the estimated 
target for up to 14 days or to 15% to 25% for up to 
six days resulted in similar outcomes compared to 
at-target energy intakes in multicenter RCTs.14  37 
The retrospective PROTINVENT (Timing of PROTein 
INtake and clinical outcomes of adult critically ill 
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patients on prolonged mechanical VENTilation) 
study found a time dependent association linking 
protein intake to mortality: increasing the protein 
intake from less than 0.8 g/kg/day on days 1–2 to 
0.8–1.2 g/kg/day on days 3–5 and more than 1.2 
g/kg/day after day 5 was associated with the lowest 
six month mortality.142 Another retrospective study, 
PROCASEPT (Association of PROtein and CAloric 
Intake and Clinical Outcomes in Adult SEPTic and 
Non-Septic ICU Patients on Prolonged Mechanical 
Ventilation), suggested that associations between 
macronutrient intakes and outcomes differed 
between patients with versus without sepsis.143 In 
patients with sepsis, late (days 4–7) medium protein 
(0.8–1.2 g/kg/day) and late high (>110%) energy 
intakes were associated with better survival. For 
patients without sepsis, early (days 1-3) high protein 
intake (>1.2 g/kg/d)) was associated with higher six 
month mortality, while a medium or high protein 
intake (>0.8 g/kg/day) after day 3 was associated 
with better outcomes. Collectively, the existing 
data suggest a time dependent effect of the dose of 
macronutrients, which might be related to the time 
of anabolic switch occurrence. Furthermore, an RCT 
in mechanically ventilated patients without shock 
showed that immediate versus gradual achievement 
of the target enteral nutrition flow rate increased 
enteral nutrition delivery and was not associated 
with a higher incidence of serious adverse events, 
although prokinetic use was greater suggesting 
gastrointestinal intolerance.89 In high risk patients, 
rapidly increasing enteral nutrition to the calorie 
target can lead to metabolic intolerance, which has 
been associated with worse long term outcomes.134 

Consequently, clinical practice guidelines suggest 
gradually increasing enteral nutrition volumes 
over the first few days, despite the absence of RCTs 
evaluating this strategy.48  49 Thus, the optimal 
schedule for reaching macronutrient delivery goals 
remains uncertain and probably varies across 
patients. Markers indicating when to increase 
macronutrient delivery need to be identified.

When to stop enteral nutrition
Enteral nutrition is generally continued while the 
patient is intubated and is often maintained after 
extubation in patients who are expected to be unable 
to eat. After extubation, candidates for oral feeding 
should undergo a multi-step bedside assessment of 
swallowing function.144 Enteral nutrition should be 
continued if swallowing is impaired or eating fails to 
provide more than 75% of nutritional needs.145

Specific subgroups of critically ill patients
Some subgroups of critically ill patients could 
benefit from special feeding strategies. A subgroup 
analysis of the EFFORT-PROTEIN trial suggested 
that protein restriction might improve outcomes in 
critically ill patients with acute renal failure but no 
renal replacement therapy.146 Burn patients have 
very marked catabolism, and increasing protein and 
calorie targets has therefore been recommended, 
despite the lack of evidence that this improves 
outcomes.

For critically ill patients with severe or morbid 
obesity, American guidelines recommend low calorie 
and high protein targets, although the supporting 
evidence is limited. A recent reanalysis of the EFFORT-

Table 3 | Recommendations for timing of enteral nutrition initiation in critically ill patients with no contraindication to enteral nutrition and unable to eat

Condition Timing Benefits
Level of 
evidence*

No gastrointestinal disease, injury, or dysfunction, and no hemodynamic instability
General ICU patients, traumatic brain injury, 
stroke, malnutrition, obesity, prone positioning, 
extracorporeal membrane oxygenation

Within 24-48 hours Decreases in mortality, stay in ICU, and incidence of 
new infections

Moderate

After major surgery Within 24 hours
Burns Within 4-6 hours of injury
Gastrointestinal disease, injury, or dysfunction 
Bowel ischemia, obstruction, or perforation Withhold until gastrointestinal condition treated Avoids additional harm by further compromising 

gut perfusion or by aggravating leakage of 
gastrointestinal content

Low

Abdominal compartment syndrome Withhold until syndrome treated Avoids additional increase in intra-abdominal 
pressure 

Low

Severe upper gastrointestinal bleeding Withhold until bleeding has stopped Facilitates repeat endoscopy, angiography Low
Severe acute pancreatitis Within 24-48 hours May decrease morbidity and mortality Moderate
Abdominal trauma with intact or repaired 
gastrointestinal tract

Enhanced wound healing, reduced infectious 
complications 

Low

Abdominal surgery, including aortic surgery, with no 
bowel injury
Hemodynamic instability

Consider parenteral nutrition (low calorie, low protein 
doses until day 7) and start enteral nutrition as soon 
as hemodynamic stability is restored

Enteral nutrition may increase the risk of gut 
ischemia in patients treated for shock.  
No difference between early parenteral and early 
enteral nutrition for other outcomes

High

ICU=intensive care unit.
*Level of evidence was assigned based on highest quality study design included. High: at least one large, well designed randomized controlled trial. Moderate: one randomized controlled trial with 
methodological limitations, or well designed prospective observational studies with comparisons between groups. Low: observational and/or retrospective studies. All four authors agreed on which 
studies to select and on final assignment of evidence levels.
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PROTEIN trial found no benefits from higher protein 
intakes in obese patients.147 The usual protein intake 
(≤1.2 g/kg/day) resulted in a shorter time to discharge 
alive than did the high protein intake (≥2.2 g/kg/day) 
(hazard ratio, 0.6; 95% confidence interval, 0.4 to 
1.0).

Patients with poor feeding or significant weight 
loss before the critical illness are at risk for refeeding 
syndrome, a well described and potentially 
life threatening metabolic disorder that occurs 
when a patient accustomed over time to very low 
macronutrient intakes returns to usual or near-
usual intakes. Manifestations include hypokalemia, 
hypophosphatemia, hypomagnesemia, 
hyperglycemia, insulin resistance, and water 
retention/edema. While the diagnostic criteria 
remain debated, at-risk patients who develop 
hypokalemia, hypophosphatemia, and/or edema 
while on full calorie feeding should be assumed 
to have refeeding syndrome. Protein and calorie 
intakes should be decreased to low levels for a 
few days or until serum potassium or phosphorus 
levels, or both, are restored. This strategy resulted 
in lower six month mortality in a multicenter, single 
blind, RCT in 339 adults at 13 ICUs in Australia and 
New Zealand. Calorie restriction in patients with 
hypophosphatemia did not increase the number of 
days alive after discharge from ICU but improved 
day 60 survival (91% v 78%, P=0.002) and overall 
survival time.134

Non-occlusive mesenteric ischemia affects up to 
30% of patients in ICU with severe circulatory failure 
and can result in necrotizing enterocolitis, which 
carries a mortality rate of 70% to 100%.148 The primary 
causative factors are organ failure (cardiogenic shock, 
septic shock, acute respiratory distress syndrome), 
patient characteristics (pre-existing cardiovascular 
disease, chronic renal failure), and medications 
(catecholamines, vasoconstrictors, cardiovascular 
drugs).149 150 The potential role for enteral nutrition 
in the development of non-occlusive mesenteric 
ischemia remains controversial. In the NUTRIREA-2 
trial, patients receiving 20–25 kcal/kg/day enterally 
had a fourfold increase in the risk of gut ischemia 
compared with those given only parenteral nutrition 
during the first seven days in ICU.132 However, the 
overall rates were low with both feeding strategies, 
and the amount of enteral feed delivered daily could 
have influenced the outcomes. Further studies are 
needed to determine whether trophic dose enteral 
nutrition (≤500 kcal/day) could affect gut perfusion 
in patients receiving catecholamines for blood 
pressure support.

Multimodal and multidisciplinary care throughout 
the course of critical illness
Multidisciplinary and comprehensive approach to 
nutritional support
Nutritional support practices vary across ICUs, within 
the same hospital, and among healthcare providers 
within the same ICU.104  151  152 In numerous ICUs, 
calorie and protein intakes are prescribed without 

consideration of patient-specific factors such as 
BMI, the status of critical illness, comorbidities, and 
ongoing organ dysfunctions.153 Moreover, significant 
discrepancies between prescribed and actual 
nutrient intakes are common. These facts have been 
attributed to multiple factors including the lack of 
evidence about many aspects of nutritional support, 
the complexity of procedures, and the high number 
of healthcare providers involved. Furthermore, 
intolerance to enteral nutrition and its management 
often leads to interruptions and discontinuation of 
nutritional support. Also, interactions and conflicts 
with other ICU procedures such as prone positioning, 
transport outside the ICU, extracorporeal membrane 
oxygenation settings, and mobilization for 
physiotherapy often result in interruptions in 
feeding.104  113 Key transitions such as extubation 
and ICU discharge have been associated with lower 
intakes than required or prescribed.154-157 After 
extubation, the resumption of oral feeding raises 
concerns given the risk of swallowing disorders 
related to prolonged intubation and muscle 
weakness.152  158  159 ICU discharge marks a break in 
the continuity of care, with changes in healthcare 
teams, habits, and protocols.

These challenges underscore the need for protocols 
reflecting a comprehensive and multidisciplinary 
collaborative approach that involves ICU staff 
members from various disciplines, including 
physicians, nurses, dietitians, and physiotherapists, 
all closely involved in daily bedside care. Such 
an approach was feasible and improved nutrient 
delivery in patients in ICU (table 2).160  161 In a 
multicenter, RCT in 1118 critically ill patients, energy 
goals were more often achieved with a multifaceted 
program based on guidelines than with standard 
care (mean, 6.10 v 5.02 days/10 fed days; difference, 
1.07, 95% confidence interval 0.12 to 2.22; P=0.03), 
although neither mortality nor length of stay in ICU 
and hospital differed.160 Dietitians play a central 
role in the nutritional management of critically ill 
patients.162 Accurately quantifying dietary intake 
in patients in ICU remains challenging due to the 
lack of high quality evidence regarding the optimal 
approach.163 The use of computer assisted decision 
support systems has been associated with enhanced 
monitoring, better standardization of nutritional 
prescriptions, and less discrepancy between 
intakes and prescriptions, compared with standard 
nutrition monitoring and prescription.164 The Simple 
Evaluation of Food Intake scale has been found to be 
reliable for monitoring oral intakes after extubation 
and discharge from ICU (correlation between verbal 
analog Simple Evaluation of Food Intake scale 
and energy intake: Spearman’s coefficient, 0.74; 
P<0.0001).165  166 Strategies combining food intake 
monitoring and individualized nutritional support 
to achieve calorie and protein targets have been 
associated with improved outcomes outside of critical 
care. EFFORT (Effect of early nutritional support 
on Frailty, Functional Outcomes, and Recovery of 
malnourished medical inpatients Trial) compared 
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protocol guided individualized nutritional support 
with dietary consultation to standard care (no dietary 
consultation) in non-critically ill, medical ward 
patients at nutritional risk. The composite primary 
outcome of all cause mortality, ICU admission, non-
elective hospital readmission, major complications, 
or functional status decline on day 30 was observed in 
23% of 1015 intervention group patients versus 27% 
of 1013 control patients (adjusted odds ratio, 0.79; 
95% confidence interval 0.64 to 0.97; P=0.023). Day 
30 mortality was lower in the intervention group 
(0.65; 0.47 to 0.91; P=0.011).167

Long term rehabilitation including nutrition and 
mobilization
The goals of nutritional support in critically ill 
patients extend beyond immediate survival to long 
term survival, improved functional and cognitive 
status, and enhanced quality of life.15 ICU acquired 
weakness has been associated with short term and 
long term complications, including a slow rate of 
functional improvement with impaired quality of 
life up to five years after discharge from ICU.3  81 To 
date, none of the RCTs on interventions related to 
nutritional support in the ICU have demonstrated 
benefits on functional, cognitive, or quality of life 
outcomes in the long term.12-14  16  37  38  44  50  129  132  160 
Similarly, early mobilization was inconsistently 
associated with decreases in duration of invasive 
mechanical ventilation and length of stay in ICU 
and had no effect on mortality or long term physical 
outcomes.168-172 An RCT evaluating combined early 
mobilization and occupational therapy versus usual 
care showed decreased rates of long term cognitive 
impairment (24% v 43%; absolute difference, 
−19.2%; 95% confidence interval −32.1 to −6.3; 
P=0.004) and ICU acquired weakness (0% v 14%; 
−14.1%; −21.0 to −7.3; P=0.0001) after one year.173 
However, the single center recruitment indicates a 
need for further evaluation. A large multicenter RCT 
failed to replicate the benefits of early mobilization, 
perhaps because the usual care patients received a 
relatively high amount of physical therapy.174 It is 
concerning that adverse events were more common 
in the early mobilization arm.

ICU acquired weakness is a complex disorder 
of early muscle wasting ascribed to critical illness 
related nutritional deficiencies, immobilization, and 
inflammation.2 ICU acquired weakness starts very 
early during critical illness and improves only very 
slowly after critical illness resolution, with inter-
individual differences in severity and improvement 
rate. Given that the goal is rehabilitation in the 
long term, interventions limited to the stay in 
ICU or nutritional support strategies alone could 
be insufficient. To date, no published RCTs have 
evaluated nutritional strategies applied after 
discharge from ICU. Moreover, given the need for 
concurrent nutritional support and mobilization, 
these two interventions should probably be combined 
within a comprehensive and personalized approach.4 
In healthy but sarcopenic individuals, combined 

amino acid supplementation and physical exercise 
could improve muscle mass.175 Thus, patients in ICU 
might need multifaceted rehabilitation programs 
that include nutritional support and interventions 
designed to promote mobility, optimize psychological 
wellbeing, facilitate a timely return to work, and 
minimize the impact of sequelae such as pain and 
cosmetic impairments.4  15  176-178 These programs 
should be delivered continuously throughout the 
course of the illness and recovery (ie, successively in 
the ICU, in the discharge ward, in the rehabilitation 
center if relevant, and at home). Evaluations of such 
programs are ongoing.

Nutritional support of the critically ill in low and 
middle income countries
The available data on critical care nutrition come 
chiefly from high income countries and might not 
apply to low and middle income countries (LMICs), 
for which information is very limited.179 Malnutrition 
is highly prevalent in LMICs and likely contributes 
to adverse outcomes in critically ill patients.179-181 
Of 335 South and East Asian ICUs, including some 
in LMICs, only 48% had dietitians on their staff.182 
A recent review highlighted the challenges in using 
available nutritional assessment tools (NUTRIC 
score, BMI) in LMICs and supported the feasibility 
of measuring the mid-upper arm circumference 
to detect malnutrition, although this observation 
requires further validation.183 Access to commercial 
enteral nutrition products is also limited in LMICs, 
where locally sourced ingredients are often used 
to prepare low cost enteral nutrition preparations. 
Global quality and research initiatives to improve 
nutritional practices in LMICs are needed.

Emerging treatments
The last two decades have seen considerable 
advances in our understanding of optimal nutritional 
support for critically ill patients. Autophagy, anabolic 
resistance, and metabolic resistance are newly 
described phenomena whose pathophysiology and 
interactions with nutritional interventions deserve 
investigation.

New data indicate that using the same nutritional 
support strategy in all critically ill patients is unlikely 
to noticeably improve outcomes. Future strategies 
should be tailored to individual patients, notably 
regarding comorbidities, and modified over time as 
dictated by the course of the acute and subsequent 
critical illness, notably the presence and severity of 
organ failures. Better nutritional risk assessment 
tools and new biomarkers are needed to identify 
patients likely to benefit from nutritional support 
and determine the optimal nutritional strategy. 
Biomarkers for identifying patients most likely to 
benefit from lower amounts of macronutrients, while 
also identifying the different phases of critical illness, 
would be helpful.10  184 Individualized nutritional 
support strategies potentially combined with 
physical therapy and anabolic adjuvant treatments 
should be rigorously compared with the current 
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standard of care in large, pragmatic, RCTs. The 
reasons underlying the differing effects of various 
macronutrient formulations in specific patient 
subgroups should be defined. Adding anabolic agents 
such as testosterone, β-hydroxy-β-methylbutyrate, 
and ketone esters might benefit muscle mass and 
function (ISRCTN13903536, NCT05825092).185  186 
Future RCTs should evaluate not only short term 
outcomes but also longer term outcomes including 
strength, cognition, and quality of life.

Guidelines
We examined guidelines from the American Society 
for Parenteral and Enteral Nutrition (ASPEN, 
USA), European Society for Clinical Nutrition and 
Metabolism (ESPEN), and European Society of 
Intensive Care Medicine (ESICM) for this review.31 47-

49  90 Substantial discrepancies exist between 
European and American guidelines on key points. 
European guidelines recommend enteral nutrition 
as the preferred treatment and American guidelines 
recommend either parenteral nutrition or enteral 
nutrition during the first week in ICU based on 
findings from two large RCTs.132 133 For calorie target 
determination, European guidelines recommend 
using indirect calorimetry and American guidelines 
recommend using equations to estimate kilocalories/
kilogram/day. Of note, the ESPEN acknowledges 
limited adherence to guidelines in daily practice.187

Conclusion
Nutritional support is a cornerstone of critical 
care with the premise that it helps to maintain or 
restore nutritional status; improve gut function; and 
prevent complications such as infection, muscle 
wasting, cognitive decline and weakness. However, 
the optimal nutritional strategy for achieving these 
goals remains unclear and more research is needed. 
The optimal route and type of nutritional support 
should probably be individualized according to 
the clinical condition, gastrointestinal function, 

and nutritional needs of each patient. Recent RCTs 
challenge the early aggressive feeding approach. A 
more conservative approach including low calorie 
and protein intakes has been shown to expedite 
recovery. Emerging evidence supports individualized 
programs incorporating early and prolonged 
physical rehabilitation with the goal of improving 
the long term quality of life in survivors of critical 
illness. Prospective studies to validate their efficacy 
and safety are needed.
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QUESTIONS FOR FUTURE RESEARCH 
• Can we identify biological markers of the catabolic 

and anabolic phases of critical illness?
• Can we elucidate the mechanisms associated with 

muscle wasting and recovery, and their interactions 
with nutrition and mobilization?

• Can we tailor nutritional strategies according to 
changes across the various phases and severity 
levels of critical illness, the underlying disease, and 
the nutritional status of the patient?

• Can anabolic agents improve muscular recovery after 
critical illness?

• Can individualized rehabilitation programs 
combining nutrition and mobilization help to improve 
recovery after critical illness?

• Can we define the most valid and reliable outcomes 
for assessing the effectiveness of nutritional 
strategies and rehabilitation programs?

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
- B

IN
A

S
S

S
 at B

iblioteca N
acional de S

alud y S
eguridad S

ocial
o

n
 23 Jan

u
ary 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
2 Jan

u
ary 2025. 

10.1136/b
m

j-2023-077979 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

the bmj | BMJ 2024;387:e077979 | doi: 10.1136/bmj‑2023‑077979 15

multicentre, open-label, parallel-group trial (NUTRIREA-3). 
Lancet Respir Med 2023;11:602-12. doi:10.1016/S2213-
2600(23)00092-9 

14  Rice TW, Wheeler AP, Thompson BT, Steingrub J, Hite RD, Moss 
M, et alInitial trophic vs full enteral feeding in patients with acute 
lung injury: the EDEN randomized trial. JAMA 2012;307:795-803. 
doi:10.1001/jama.2012.137

15  Azoulay E, Vincent JL, Angus DC, et al, Recovery after critical 
illness: putting the puzzle together-a consensus of 29. Crit 
Care 2017;21:296. doi:10.1186/s13054-017-1887-7 

16  Rice TW, Wheeler AP, Thompson BT, deBoisblanc BP, Steingrub J, Rock 
P. Enteral omega-3 fatty acid, gamma-linolenic acid, and antioxidant 
supplementation in acute lung injury. JAMA 2011;306:1574-8. 
doi:10.1001/jama.2011.1435

17  van Zanten AR, Sztark F, Kaisers UX, et al, High-protein enteral 
nutrition enriched with immune-modulating nutrients vs standard 
high-protein enteral nutrition and nosocomial infections in the ICU: 
a randomized clinical trial. JAMA 2014;312:514-24. doi:10.1001/
jama.2014.7698 

18  Heyland D, Muscedere J, Wischmeyer PE, et al, Canadian Critical Care 
Trials Group. A randomized trial of glutamine and antioxidants in 
critically ill patients. N Engl J Med 2013;368:1489-97. doi:10.1056/
NEJMoa1212722 

19  Lew CCH, Yandell R, Fraser RJL, Chua AP, Chong MFF, Miller 
M. Association Between Malnutrition and Clinical Outcomes 
in the Intensive Care Unit: A Systematic Review [Formula: 
see text]. JPEN J Parenter Enteral Nutr 2017;41:744-58. 
doi:10.1177/0148607115625638 

20  Weijs PJ, Looijaard WG, Dekker IM, et al, Low skeletal muscle area is a 
risk factor for mortality in mechanically ventilated critically ill patients. 
Crit Care 2014;18:R12. doi:10.1186/cc13189 

21  Hermans G, Casaer MP, Clerckx B, et al, Effect of tolerating 
macronutrient deficit on the development of intensive-care unit 
acquired weakness: a subanalysis of the EPaNIC trial. Lancet Respir 
Med 2013;1:621-9. doi:10.1016/S2213-2600(13)70183-8 

22  Herridge MS, Moss M, Hough CL, et al, Recovery and outcomes 
after the acute respiratory distress syndrome (ARDS) in patients 
and their family caregivers. Intensive Care Med 2016;42:725-38. 
doi:10.1007/s00134-016-4321-8 

23  Villet S, Chiolero RL, Bollmann MD, et alNegative impact of 
hypocaloric feeding and energy balance on clinical outcome 
in ICU patients. Clin Nutr 2005;24:502-9. doi:10.1016/j.
clnu.2005.03.006

24  Dvir D, Cohen J, Singer P. Computerized energy balance and 
complications in critically ill patients: an observational study. Clin 
Nutr 2006;25:37-44. doi:10.1016/j.clnu.2005.10.010

25  Alberda C, Gramlich L, Jones N, et alThe relationship between 
nutritional intake and clinical outcomes in critically ill patients: results 
of an international multicenter observational study. Intensive Care 
Med 2009;35:1728-37. doi:10.1007/s00134-009-1567-4 

26  Fazzini B, Märkl T, Costas C, et al, The rate and assessment of muscle 
wasting during critical illness: a systematic review and meta-analysis. 
Crit Care 2023;27:2. doi:10.1186/s13054-022-04253-0 

27  Tappy L, Schwarz JM, Schneiter P, et al, Effects of isoenergetic 
glucose-based or lipid-based parenteral nutrition on glucose 
metabolism, de novo lipogenesis, and respiratory gas exchanges 
in critically ill patients. Crit Care Med 1998;26:860-7. 
doi:10.1097/00003246-199805000-00018 

28  Berg A, Norberg A, Martling CR, Gamrin L, Rooyackers O, Wernerman 
J. Glutamine kinetics during intravenous glutamine supplementation 
in ICU patients on continuous renal replacement therapy. Intensive 
Care Med 2007;33:660-6. doi:10.1007/s00134-007-0547-9 

29  Casaer MP, Langouche L, Coudyzer W, et al, Impact of early parenteral 
nutrition on muscle and adipose tissue compartments during 
critical illness. Crit Care Med 2013;41:2298-309. doi:10.1097/
CCM.0b013e31828cef02 

30  Dissanaike S, Shelton M, Warner K, O’Keefe GE. The risk for 
bloodstream infections is associated with increased parenteral 
caloric intake in patients receiving parenteral nutrition. Crit 
Care 2007;11:R114. doi:10.1186/cc6167 

31  Compher C, Bingham AL, McCall M, et al, Guidelines for the provision 
of nutrition support therapy in the adult critically ill patient: The 
American Society for Parenteral and Enteral Nutrition. JPEN J Parenter 
Enteral Nutr 2022;46:12-41. doi:10.1002/jpen.2267 

32  Casaer MP, Wilmer A, Hermans G, Wouters PJ, Mesotten D, Van 
den Berghe G. Role of disease and macronutrient dose in the 
randomized controlled EPaNIC trial: a post hoc analysis. Am J Respir 
Crit Care Med 2013;187:247-55. doi:10.1164/rccm.201206-
0999OC

33  Vail EA, Gershengorn HB, Wunsch H, Walkey AJ. Attention to 
immortal time bias in critical care research. Am J Respir Crit Care 
Med 2021;203:1222-9. doi:10.1164/rccm.202008-3238CP 

34  Kreymann KG, Berger MM, Deutz NE, et alESPEN Guidelines on 
enteral nutrition: intensive care. Clin Nutr 2006;25:210-23. 
doi:10.1016/j.clnu.2006.01.021 

35  Singer P, Berger MM, Van den Berghe G, et alESPEN Guidelines on 
parenteral nutrition: intensive care. Clin Nutr 2009;28:387-400. 
doi:10.1016/j.clnu.2009.04.024 

36  Martindale RG, McClave SA, Vanek VW, et alGuidelines for the 
provision and assessment of nutrition support therapy in the 
adult critically ill patient: Society of Critical Care Medicine and 
American Society for Parenteral and Enteral Nutrition: Executive 
summary. Crit Care Med 2009;37:1757-61. doi:10.1097/
CCM.0b013e3181a40116

37  Arabi YM, Aldawood AS, Haddad SH, et al, PermiT Trial Group. 
Permissive Underfeeding or Standard Enteral Feeding in Critically 
Ill Adults. N Engl J Med 2015;372:2398-408. doi:10.1056/
NEJMoa1502826 

38  Chapman M, Peake SL, Bellomo R, et al, TARGET Investigators, for the 
ANZICS Clinical Trials Group. Energy-Dense versus Routine Enteral 
Nutrition in the Critically Ill. N Engl J Med 2018;379:1823-34. 
doi:10.1056/NEJMoa1811687 

39  Deane AM, Little L, Bellomo R, et al, Outcomes Six Months after 
Delivering 100% or 70% of Enteral Calorie Requirements during 
Critical Illness (TARGET). A Randomized Controlled Trial. Am J Respir 
Crit Care Med 2020;201:814-22. doi:10.1164/rccm.201909-
1810OC 

40  Frankenfield DC, Ashcraft CM. Estimating energy needs in nutrition 
support patients. JPEN J Parenter Enteral Nutr 2011;35:563-70. 
doi:10.1177/0148607111415859 

41  Zusman O, Theilla M, Cohen J, Kagan I, Bendavid I, Singer P. Resting 
energy expenditure, calorie and protein consumption in critically 
ill patients: a retrospective cohort study. Crit Care 2016;20:367. 
doi:10.1186/s13054-016-1538-4 

42  Sundström M, Tjäder I, Rooyackers O, Wernerman J. Indirect 
calorimetry in mechanically ventilated patients. A systematic 
comparison of three instruments. Clin Nutr 2013;32:118-21. 
doi:10.1016/j.clnu.2012.06.004 

43  Branson RD, Johannigman JA. The measurement of energy 
expenditure. Nutr Clin Pract 2004;19:622-36. doi:10.1177/011542
6504019006622 

44  Allingstrup MJ, Kondrup J, Wiis J, et al, Early goal-directed nutrition 
versus standard of care in adult intensive care patients: the 
single-centre, randomised, outcome assessor-blinded EAT-ICU trial. 
Intensive Care Med 2017;43:1637-47. doi:10.1007/s00134-017-
4880-3 

45  Singer P, De Waele E, Sanchez C, et al, TICACOS international: A 
multi-center, randomized, prospective controlled study comparing 
tight calorie control versus Liberal calorie administration study. Clin 
Nutr 2021;40:380-7. doi:10.1016/j.clnu.2020.05.024 

46  Casaer MP, Van den Berghe G, Gunst J. Indirect calorimetry: A faithful 
guide for nutrition therapy, or a fascinating research tool?Clin 
Nutr 2021;40:651. doi:10.1016/j.clnu.2020.12.007 

47  Singer P, Blaser AR, Berger MM, et al, ESPEN guideline on clinical 
nutrition in the intensive care unit. Clin Nutr 2019;38:48-79. 
doi:10.1016/j.clnu.2018.08.037

48  Singer P, Blaser AR, Berger MM, et al, ESPEN practical and  
partially revised guideline: Clinical nutrition in the intensive  
care unit. Clin Nutr 2023;42:1671-89. doi:10.1016/j.
clnu.2023.07.011 

49  Taylor BE, McClave SA, Martindale RG, et al, Society of Critical Care 
MedicineAmerican Society of Parenteral and Enteral Nutrition. 
Guidelines for the Provision and Assessment of Nutrition Support 
Therapy in the Adult Critically Ill Patient: Society of Critical Care 
Medicine (SCCM) and American Society for Parenteral and Enteral 
Nutrition (A.S.P.E.N.). Crit Care Med 2016;44:390-438. doi:10.1097/
CCM.0000000000001525 

50  Heyland DK, Patel J, Compher C, et alThe effect of higher protein 
dosing in critically ill patients with high nutritional risk (EFFORT 
Protein): an international, multicentre, pragmatic, registry-based 
randomised trial. Lancet 2023;401:568-76. doi:10.1016/S0140-
6736(22)02469-2

51  Lee ZY, Dresen E, Lew CCH, et al, The effects of higher versus lower 
protein delivery in critically ill patients: an updated systematic 
review and meta-analysis of randomized controlled trials with trial 
sequential analysis. Crit Care 2024;28:15. doi:10.1186/s13054-
023-04783-1 

52  Doig GS, Simpson F, Bellomo R, et al, Intravenous amino acid therapy 
for kidney function in critically ill patients: a randomized controlled 
trial. Intensive Care Med 2015;41:1197-208. doi:10.1007/s00134-
015-3827-9 

53  Gunst J, Vanhorebeek I, Casaer MP, et al, Impact of early 
parenteral nutrition on metabolism and kidney injury. J Am Soc 
Nephrol 2013;24:995-1005. doi:10.1681/ASN.2012070732 

54  Tardif N, Polia F, Tjäder I, Gustafsson T, Rooyackers O. Autophagy flux 
in critical illness, a translational approach. Sci Rep 2019;9:10762. 
doi:10.1038/s41598-019-45500-9

55  Arabi YM, Al-Balwi M, Hajeer AH, et al, Differential Gene Expression 
in Peripheral White Blood Cells with Permissive Underfeeding and 
Standard Feeding in Critically Ill Patients: A Descriptive Sub-study 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
- B

IN
A

S
S

S
 at B

iblioteca N
acional de S

alud y S
eguridad S

ocial
o

n
 23 Jan

u
ary 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
2 Jan

u
ary 2025. 

10.1136/b
m

j-2023-077979 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

16 doi: 10.1136/bmj‑2023‑077979 | BMJ 2024;387:e077979 | the bmj

of the PermiT Randomized Controlled Trial. Sci Rep 2018;8:17984. 
doi:10.1038/s41598-018-36007-w 

56  Derde S, Vanhorebeek I, Güiza F, et al, Early parenteral nutrition 
evokes a phenotype of autophagy deficiency in liver and skeletal 
muscle of critically ill rabbits. Endocrinology 2012;153:2267-76. 
doi:10.1210/en.2011-2068 

57  Langhans W. Anorexia of infection: current prospects. 
Nutrition 2000;16:996-1005. doi:10.1016/S0899-
9007(00)00421-4 

58  Gunst J, Debaveye Y, Güiza F, et al, TGC-Fast Collaborators. Tight 
Blood-Glucose Control without Early Parenteral Nutrition in the ICU. N 
Engl J Med 2023;389:1180-90. doi:10.1056/NEJMoa2304855 

59  Lamontagne F, Masse MH, Menard J, et al, LOVIT Investigators and the 
Canadian Critical Care Trials Group. Intravenous Vitamin C in Adults 
with Sepsis in the Intensive Care Unit. N Engl J Med 2022;386:2387-
98. doi:10.1056/NEJMoa2200644 

60  Takala J, Ruokonen E, Webster NR, et al, Increased mortality 
associated with growth hormone treatment in critically ill 
adults. N Engl J Med 1999;341:785-92. doi:10.1056/
NEJM199909093411102 

61  Stoppe C, McDonald B, Meybohm P, et al, SUSTAIN CSX Study 
Collaborators. Effect of High-Dose Selenium on Postoperative Organ 
Dysfunction and Mortality in Cardiac Surgery Patients: The SUSTAIN 
CSX Randomized Clinical Trial. JAMA Surg 2023;158:235-44. 
doi:10.1001/jamasurg.2022.6855 

62  Ginde AA, Brower RG, Caterino JM, et al, National Heart Lung, 
and Blood Institute PETAL Clinical Trials Network.Early High-Dose 
Vitamin D3 for Critically Ill, Vitamin D-Deficient Patients. N Engl J 
Med 2019;381:2529-40. doi:10.1056/NEJMoa1911124

63  Marik PE, Zaloga GP. Immunonutrition in critically ill patients: a 
systematic review and analysis of the literature. Intensive Care 
Med 2008;34:1980-90. doi:10.1007/s00134-008-1213-6

64  Kompan L, Kremzar B, Gadzijev E, Prosek M. Effects of early enteral 
nutrition on intestinal permeability and the development of multiple 
organ failure after multiple injury. Intensive Care Med 1999;25:157-
61. doi:10.1007/s001340050809

65  Heyland DK, Dhaliwal R, Jiang X, Day AG. Identifying critically 
ill patients who benefit the most from nutrition therapy: the 
development and initial validation of a novel risk assessment tool. 
Crit Care 2011;15:R268. doi:10.1186/cc10546 

66  White JV, Guenter P, Jensen G, Malone A, Schofield M, Academy of 
Nutrition and Dietetics Malnutrition Work GroupA.S.P.E.N. Malnutrition 
Task ForceA.S.P.E.N. Board of Directors. Consensus statement 
of the Academy of Nutrition and Dietetics/American Society for 
Parenteral and Enteral Nutrition: characteristics recommended 
for the identification and documentation of adult malnutrition 
(undernutrition). J Acad Nutr Diet 2012;112:730-8. doi:10.1016/j.
jand.2012.03.012 

67  Kondrup J, Rasmussen HH, Hamberg O, Stanga Z, Ad Hoc ESPEN 
Working Group. Nutritional risk screening (NRS 2002): a new 
method based on an analysis of controlled clinical trials. Clin 
Nutr 2003;22:321-36. doi:10.1016/S0261-5614(02)00214-5 

68  Maciel LRMA, Franzosi OS, Nunes DSL, et al, Nutritional Risk 
Screening 2002 Cut-Off to Identify High-Risk Is a Good Predictor of 
ICU Mortality in Critically Ill Patients. Nutr Clin Pract 2019;34:137-41. 
doi:10.1002/ncp.10185 

69  Rahman A, Hasan RM, Agarwala R, Martin C, Day AG, Heyland DK. 
Identifying critically-ill patients who will benefit most from nutritional 
therapy: Further validation of the “modified NUTRIC” nutritional 
risk assessment tool. Clin Nutr 2016;35:158-62. doi:10.1016/j.
clnu.2015.01.015 

70  Simpson F, Doig GS, Early PN Trial Investigators Group. Physical 
assessment and anthropometric measures for use in clinical 
research conducted in critically ill patient populations: an analytic 
observational study. JPEN J Parenter Enteral Nutr 2015;39:313-21. 
doi:10.1177/0148607113515526 

71  Dellière S, Cynober L. Is transthyretin a good marker of 
nutritional status?Clin Nutr 2017;36:364-70. doi:10.1016/j.
clnu.2016.06.004 

72  Don BR, Kaysen G. Serum albumin: relationship to inflammation 
and nutrition. Semin Dial 2004;17:432-7. doi:10.1111/j.0894-
0959.2004.17603.x 

73  Vincent JL, Dubois MJ, Navickis RJ, Wilkes MM. Hypoalbuminemia in 
acute illness: is there a rationale for intervention? A meta-analysis 
of cohort studies and controlled trials. Ann Surg 2003;237:319-34. 
doi:10.1097/01.SLA.0000055547.93484.87 

74  Meyer HJ, Wienke A, Surov A. Computed tomography-defined low 
skeletal muscle mass as a prognostic marker for short-term mortality 
in critically ill patients: A systematic review and meta-analysis. 
Nutrition 2021;91-92:111417. doi:10.1016/j.nut.2021.111417 

75  Thibault R, Makhlouf AM, Mulliez A, et al, Phase Angle Project 
Investigators. Fat-free mass at admission predicts 28-day mortality 
in intensive care unit patients: the international prospective 
observational study Phase Angle Project. Intensive Care 
Med 2016;42:1445-53. doi:10.1007/s00134-016-4468-3 

76  Arabi YM, Aldawood AS, Al-Dorzi HM, et al, PermiT trial group. 
Permissive Underfeeding or Standard Enteral Feeding in High- 
and Low-Nutritional-Risk Critically Ill Adults. Post Hoc Analysis of 
the PermiT Trial. Am J Respir Crit Care Med 2017;195:652-62. 
doi:10.1164/rccm.201605-1012OC 

77  Wang CY, Fu PK, Chao WC, Wang WN, Chen CH, Huang YC. Full Versus 
Trophic Feeds in Critically Ill Adults with High and Low Nutritional Risk 
Scores: A Randomized Controlled Trial. Nutrients 2020;12:3518. 
doi:10.3390/nu12113518 

78  Casaer MP, Stragier H, Hermans G, et al, Impact of withholding early 
parenteral nutrition on 2-year mortality and functional outcome 
in critically ill adults. Intensive Care Med 2024;50:1593-1602. 
doi:10.1007/s00134-024-07546-w

79  Razzera EL, Milanez DSJ, Silva FM. Derivation of the Screening of 
Nutritional Risk in Intensive Care risk prediction score: A secondary 
analysis of a prospective cohort study. JPEN J Parenter Enteral 
Nutr 2024;48:82-92. doi:10.1002/jpen.2569 

80  Davies TW, van Gassel RJJ, van de Poll M, et al, Core outcome 
measures for clinical effectiveness trials of nutritional and metabolic 
interventions in critical illness: an international modified Delphi 
consensus study evaluation (CONCISE). Crit Care 2022;26:240. 
doi:10.1186/s13054-022-04113-x 

81  Van Aerde N, Meersseman P, Debaveye Y, et al, Five-year impact 
of ICU-acquired neuromuscular complications: a prospective, 
observational study. Intensive Care Med 2020;46:1184-93. 
doi:10.1007/s00134-020-05927-5 

82  Ferrie S, Allman-Farinelli M, Daley M, Smith K. Protein Requirements 
in the Critically Ill: A Randomized Controlled Trial Using Parenteral 
Nutrition. JPEN J Parenter Enteral Nutr 2016;40:795-805. 
doi:10.1177/0148607115618449 

83  Ferrie S, Allman-Farinelli M, Daley M, Smith K. Response to Casaer 
and Van den Berghe. JPEN J Parenter Enteral Nutr 2016;40:763-5. 
doi:10.1177/0148607116643311 

84  Heyland DK, Dhaliwal R, Drover JW, Gramlich L, Dodek P. Canadian 
clinical practice guidelines for nutrition support in mechanically 
ventilated, critically ill adult patients. JPEN J Parenter Enteral 
Nutr 2003;27:355-73. doi:10.1177/0148607103027005355

85  Atkinson M, Worthley LI. Nutrition in the critically ill patient: part III. 
Enteral nutrition. Crit Care Resusc 2003;5:207-15. doi:10.1016/
S1441-2772(23)00885-2

86  Boeykens K, Holvoet T, Duysburgh I. Nasogastric tube insertion length 
measurement and tip verification in adults: a narrative review. Crit 
Care 2023;27:317. doi:10.1186/s13054-023-04611-6 

87  Metheny N.Minimizing respiratory complications of nasoenteric tube 
feedings: state of the science. Heart Lung 1993;22:213-23.

88  Cara KC, Beauchesne AR, Wallace TC, Chung M. Safety of Using 
Enteral Nutrition Formulations Containing Dietary Fiber in 
Hospitalized Critical Care Patients: A Systematic Review and 
Meta-Analysis. JPEN J Parenter Enteral Nutr 2021;45:882-906. 
doi:10.1002/jpen.2210 

89  Desachy A, Clavel M, Vuagnat A, Normand S, Gissot V, François 
B. Initial efficacy and tolerability of early enteral nutrition with 
immediate or gradual introduction in intubated patients. Intensive 
Care Med 2008;34:1054-9. doi:10.1007/s00134-007-0983-6

90  Reintam Blaser A, Starkopf J, Alhazzani W, et al, Early enteral 
nutrition in critically ill patients: ESICM clinical practice guidelines. 
Intensive Care Med 2017;43:380-98. doi:10.1007/s00134-016-
4665-0

91  Ichimaru S. Methods of Enteral Nutrition Administration in Critically 
Ill Patients: Continuous, Cyclic, Intermittent, and Bolus Feeding. Nutr 
Clin Pract 2018;33:790-5. doi:10.1002/ncp.10105 

92  Gazzaneo MC, Suryawan A, Orellana RA, et al, Intermittent bolus 
feeding has a greater stimulatory effect on protein synthesis 
in skeletal muscle than continuous feeding in neonatal pigs. J 
Nutr 2011;141:2152-8. doi:10.3945/jn.111.147520 

93  McNelly AS, Bear DE, Connolly BA, et al, Effect of Intermittent 
or Continuous Feed on Muscle Wasting in Critical Illness: A 
Phase 2 Clinical Trial. Chest 2020;158:183-94. doi:10.1016/j.
chest.2020.03.045 

94  Kouw IWK, Heilbronn LK, van Zanten ARH. Intermittent feeding and 
circadian rhythm in critical illness. Curr Opin Crit Care 2022;28:381-
8. doi:10.1097/MCC.0000000000000960 

95  Heffernan AJ, Talekar C, Henain M, Purcell L, Palmer M, White H. 
Comparison of continuous versus intermittent enteral feeding in 
critically ill patients: a systematic review and meta-analysis. Crit 
Care 2022;26:325. doi:10.1186/s13054-022-04140-8 

96  Reintam Blaser A, Deane AM, Preiser JC, Arabi YM, Jakob SM. Enteral 
Feeding Intolerance: Updates in Definitions and Pathophysiology. 
Nutr Clin Pract 2021;36:40-9. doi:10.1002/ncp.10599

97  Deane A, Chapman MJ, Fraser RJ, Bryant LK, Burgstad C, Nguyen 
NQ. Mechanisms underlying feed intolerance in the critically ill: 
implications for treatment. World J Gastroenterol 2007;13:3909-17. 
doi:10.3748/wjg.v13.i29.3909

98  Chapman MJ. Gastric emptying and nutrition in the critically ill 
patient. Crit Care Resusc 2003;5:11-3.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
- B

IN
A

S
S

S
 at B

iblioteca N
acional de S

alud y S
eguridad S

ocial
o

n
 23 Jan

u
ary 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
2 Jan

u
ary 2025. 

10.1136/b
m

j-2023-077979 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

the bmj | BMJ 2024;387:e077979 | doi: 10.1136/bmj‑2023‑077979 17

99  McClave SA, Lukan JK, Stefater JA, et alPoor validity of residual 
volumes as a marker for risk of aspiration in critically ill 
patients. Crit Care Med 2005;33:324-30. doi:10.1097/01.
ccm.0000153413.46627.3a

100  Chastre J, Fagon JY. Ventilator-associated pneumonia. Am J Respir Crit 
Care Med 2002;165:867-903. doi:10.1164/ajrccm.165.7.2105078

101  Bonten MJM. Ventilator-associated pneumonia and the 
gastropulmonary route of infection: a pendulum. Am J Respir Crit Care 
Med 2011;184:991-3. doi:10.1164/rccm.201108-1537ED 

102  Reignier J, Mercier E, Le Gouge A, et alEffect of not monitoring 
residual gastric volume on risk of ventilator-associated pneumonia in 
adults receiving mechanical ventilation and early enteral feeding: a 
randomized controlled trial. JAMA 2013;309:249-56. doi:10.1001/
jama.2012.196377

103  Binnekade JM, Tepaske R, Bruynzeel P, Mathus-Vliegen EM, de Hann 
RJ. Daily enteral feeding practice on the ICU: attainment of goals and 
interfering factors. Crit Care 2005;9:R218-25. doi:10.1186/cc3504

104  Rice TW, Swope T, Bozeman S, Wheeler AP. Variation in 
enteral nutrition delivery in mechanically ventilated patients. 
Nutrition 2005;21:786-92. doi:10.1016/j.nut.2004.11.014

105  Lewis K, Alqahtani Z, McIntyre L, et alThe efficacy and safety of 
prokinetic agents in critically ill patients receiving enteral nutrition: 
a systematic review and meta-analysis of randomized trials. Crit 
Care 2016;20:259. doi:10.1186/s13054-016-1441-z

106  Deane AM, Adam MD, Dhaliwal R, et al, Comparisons between 
intragastric and small intestinal delivery of enteral nutrition 
in the critically ill: a systematic review and meta-analysis. Crit 
Care 2013;17:R125. doi:10.1186/cc12800 

107  Alkhawaja S, Martin C, Butler RJ, Gwadry-Sridhar F. Post-pyloric 
versus gastric tube feeding for preventing pneumonia and improving 
nutritional outcomes in critically ill adults. Cochrane Database Syst 
Rev 2015;2015:CD008875. doi:10.1002/14651858.CD008875.
pub2 

108  Wei M, Ho E, Hegde P. An overview of percutaneous endoscopic 
gastrostomy tube placement in the intensive care unit. J Thorac 
Dis 2021;13:5277-96. doi:10.21037/jtd-19-3728 

109  Blumenstein I, Shastri YM, Stein J. Gastroenteric tube 
feeding: techniques, problems and solutions. World J 
Gastroenterol 2014;20:8505-24. doi:10.3748/wjg.v20.i26.8505 

110  Gomes CARJr, Andriolo RB, Bennett C, et al, Percutaneous 
endoscopic gastrostomy versus nasogastric tube feeding for 
adults with swallowing disturbances. Cochrane Database Syst 
Rev 2015;2015:CD008096. doi:10.1002/14651858.CD008096.
pub4 

111  Law AC, Stevens JP, Choi E, et al, Days out of Institution after 
Tracheostomy and Gastrostomy Placement in Critically Ill Older 
Adults. Ann Am Thorac Soc 2022;19:424-32. doi:10.1513/
AnnalsATS.202106-649OC 

112  Hoyois A, Ballarin A, Thomas J, et al, Nutrition evaluation and 
management of critically ill patients with COVID-19 during 
post-intensive care rehabilitation. JPEN J Parenter Enteral 
Nutr 2021;45:1153-63. doi:10.1002/jpen.2101 

113  Passier RHA, Davies AR, Ridley E, McClure J, Murphy D, Scheinkestel 
CD. Periprocedural cessation of nutrition in the intensive care unit: 
opportunities for improvement. Intensive Care Med 2013;39:1221-
6. doi:10.1007/s00134-013-2934-8

114  Reignier J, Dimet J, Martin-Lefevre L, et alBefore-after study of a 
standardized ICU protocol for early enteral feeding in patients turned 
in the prone position. Clin Nutr 2010;29:210-6. doi:10.1016/j.
clnu.2009.08.004

115  Ferrie S, Herkes R, Forrest P. Nutrition support during extracorporeal 
membrane oxygenation (ECMO) in adults: a retrospective audit of 
86 patients. Intensive Care Med 2013;39:1989-94. doi:10.1007/
s00134-013-3053-2

116  Landais M, Nay MA, Auchabie J, et al, Continued enteral nutrition until 
extubation compared with fasting before extubation in patients in 
the intensive care unit: an open-label, cluster-randomised, parallel-
group, non-inferiority trial. Lancet Respir Med 2023;11:319-28. 
doi:10.1016/S2213-2600(22)00413-1

117  Boullata JI, Gilbert K, Sacks G, et al, American Society for Parenteral 
and Enteral Nutrition. A.S.P.E.N. clinical guidelines: parenteral 
nutrition ordering, order review, compounding, labeling, and 
dispensing. JPEN J Parenter Enteral Nutr 2014;38:334-77. 
doi:10.1177/0148607114521833 

118  Beier-Holgersen R, Brandstrup B. Influence of early postoperative 
enteral nutrition versus placebo on cell-mediated immunity, as 
measured with the Multitest CMI. Scand J Gastroenterol 1999;34:98-
102. doi:10.1080/00365529950172907 

119  Bortenschlager L, Roberts PR, Black KW, Zaloga GP. Enteral feeding 
minimizes liver injury during hemorrhagic shock. Shock 1994;2:351-
4. doi:10.1097/00024382-199411000-00009

120  Hadfield RJ, Sinclair DG, Houldsworth PE, Evans TW. Effects of enteral 
and parenteral nutrition on gut mucosal permeability in the critically 
ill. Am J Respir Crit Care Med 1995;152:1545-8. doi:10.1164/
ajrccm.152.5.7582291

121  Gianotti L, Alexander JW, Nelson JL, Fukushima R, Pyles T, Chalk 
CL. Role of early enteral feeding and acute starvation on postburn 
bacterial translocation and host defense: prospective, randomized 
trials. Crit Care Med 1994;22:265-72. doi:10.1097/00003246-
199402000-00018 

122  Gianotti L, Nelson JL, Alexander JW, Chalk CL, Pyles T. Post injury 
hypermetabolic response and magnitude of translocation: prevention 
by early enteral nutrition. Nutrition 1994;10:225-31.

123  Zapata-Sirvent RL, Hansbrough JF, Ohara MM, Rice-Asaro M, Nyhan 
WL. Bacterial translocation in burned mice after administration 
of various diets including fiber- and glutamine-enriched enteral 
formulas. Crit Care Med 1994;22:690-6. doi:10.1097/00003246-
199404000-00027 

124  Lewis SJ, Egger M, Sylvester PA, Thomas S. Early enteral feeding 
versus “nil by mouth” after gastrointestinal surgery: systematic 
review and meta-analysis of controlled trials. BMJ 2001;323:773-6. 
doi:10.1136/bmj.323.7316.773 

125  Marik PE, Zaloga GP. Early enteral nutrition in acutely ill 
patients: a systematic review. Crit Care Med 2001;29:2264-70. 
doi:10.1097/00003246-200112000-00005

126  Doig GS, Heighes PT, Simpson F, Sweetman EA, Davies AR. Early 
enteral nutrition, provided within 24 h of injury or intensive care unit 
admission, significantly reduces mortality in critically ill patients: 
a meta-analysis of randomised controlled trials. Intensive Care 
Med 2009;35:2018-27. doi:10.1007/s00134-009-1664-4

127  Artinian V, Krayem H, DiGiovine B. Effects of early enteral feeding on 
the outcome of critically ill mechanically ventilated medical patients. 
Chest 2006;129:960-7. doi:10.1378/chest.129.4.960

128  Haines KL, Ohnuma T, Grisel B, et al, Early enteral nutrition 
is associated with improved outcomes in critically ill 
mechanically ventilated medical and surgical patients. Clin Nutr 
ESPEN 2023;57:311-7. doi:10.1016/j.clnesp.2023.07.001 

129  Doig GS, Simpson F, Sweetman EA, et alEarly parenteral nutrition 
in critically ill patients with short-term relative contraindications 
to early enteral nutrition: a randomized controlled trial. 
JAMA 2013;309:2130-8. doi:10.1001/jama.2013.5124

130  Heidegger CP, Berger MM, Graf S, et al, Optimisation of 
energy provision with supplemental parenteral nutrition in 
critically ill patients: a randomised controlled clinical trial. 
Lancet 2013;381:385-93. doi:10.1016/S0140-6736(12)61351-8

131  Casaer MP, Wilmer A, Van den Berghe G. Supplemental parenteral 
nutrition in critically ill patients. Lancet 2013;381:1715. 
doi:10.1016/S0140-6736(13)61068-5 

132  Reignier J, Boisramé-Helms J, Brisard L, et al, NUTRIREA-2 Trial 
InvestigatorsClinical Research in Intensive Care and Sepsis (CRICS) 
group. Enteral versus parenteral early nutrition in ventilated adults 
with shock: a randomised, controlled, multicentre, open-label, 
parallel-group study (NUTRIREA-2). Lancet 2018;391:133-43. 
doi:10.1016/S0140-6736(17)32146-3 

133  Harvey SE, Parrott F, Harrison DA, Bear DE, Segaran E, Beale R, et 
alTrial of the route of early nutritional support in critically ill adults. N 
Engl J Med 2014;371:1673-84. doi:10.1056/NEJMoa1409860

134  Doig GS, Simpson F, Heighes PT, et al, Refeeding Syndrome Trial 
Investigators Group. Restricted versus continued standard caloric 
intake during the management of refeeding syndrome in critically 
ill adults: a randomised, parallel-group, multicentre, single-blind 
controlled trial. Lancet Respir Med 2015;3:943-52. doi:10.1016/
S2213-2600(15)00418-X 

135  Berger MM, Shenkin A, Schweinlin A, et al, ESPEN micronutrient 
guideline. Clin Nutr 2022;41:1357-424. doi:10.1016/j.
clnu.2022.02.015 

136  Eveleens RD, Witjes BCM, Casaer MP, et al, Supplementation of 
vitamins, trace elements and electrolytes in the PEPaNIC Randomised 
Controlled Trial: Composition and preparation of the prescription. Clin 
Nutr ESPEN 2021;42:244-51. doi:10.1016/j.clnesp.2021.01.028 

137  McClave SA, Lowen CC, Martindale RG. The 2016 ESPEN Arvid 
Wretlind lecture: The gut in stress. Clin Nutr 2018;37:19-36. 
doi:10.1016/j.clnu.2017.07.015 

138  Klingensmith NJ, Coopersmith CM. The Gut as the Motor of Multiple 
Organ Dysfunction in Critical Illness. Crit Care Clin 2016;32:203-12. 
doi:10.1016/j.ccc.2015.11.004 

139  Buchman AL, Moukarzel AA, Bhuta S, et al, Parenteral nutrition is 
associated with intestinal morphologic and functional changes in 
humans. JPEN J Parenter Enteral Nutr 1995;19:453-60. doi:10.1177
/0148607195019006453 

140  Nguyen NQ, Besanko LK, Burgstad C, et al, Delayed enteral 
feeding impairs intestinal carbohydrate absorption in critically 
ill patients. Crit Care Med 2012;40:50-4. doi:10.1097/
CCM.0b013e31822d71a6 

141  Koretz RL, Lipman TO. The presence and effect of bias in trials of 
early enteral nutrition in critical care. Clin Nutr 2014;33:240-5. 
doi:10.1016/j.clnu.2013.06.006 

142  Koekkoek WACK, van Setten CHC, Olthof LE, Kars JCNH, van Zanten 
ARH. Timing of PROTein INtake and clinical outcomes of adult 
critically ill patients on prolonged mechanical VENTilation: The 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
- B

IN
A

S
S

S
 at B

iblioteca N
acional de S

alud y S
eguridad S

ocial
o

n
 23 Jan

u
ary 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
2 Jan

u
ary 2025. 

10.1136/b
m

j-2023-077979 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

18 doi: 10.1136/bmj‑2023‑077979 | BMJ 2024;387:e077979 | the bmj

PROTINVENT retrospective study. Clin Nutr 2019;38:883-90. 
doi:10.1016/j.clnu.2018.02.012 

143  de Koning MLY, Koekkoek WACK, Kars JCNH, van Zanten ARH. 
Association of PROtein and CAloric Intake and Clinical Outcomes in 
Adult SEPTic and Non-Septic ICU Patients on Prolonged Mechanical 
Ventilation: The PROCASEPT Retrospective Study. JPEN J Parenter 
Enteral Nutr 2020;44:434-43. doi:10.1002/jpen.1663 

144  Likar R, Aroyo I, Bangert K, et al, Management of swallowing 
disorders in ICU patients - A multinational expert opinion. J Crit 
Care 2024;79:154447. doi:10.1016/j.jcrc.2023.154447 

145  Massanet PL, Petit L, Louart B, Corne P, Richard C, Preiser JC. Nutrition 
rehabilitation in the intensive care unit. JPEN J Parenter Enteral 
Nutr 2015;39:391-400. doi:10.1177/0148607114567901 

146  Stoppe C, Patel JJ, Zarbock A, et al, The impact of higher protein 
dosing on outcomes in critically ill patients with acute kidney injury: a 
post hoc analysis of the EFFORT protein trial. Crit Care 2023;27:399. 
doi:10.1186/s13054-023-04663-8 

147  Tweel LE, Compher C, Bear DE, et al, A Comparison of High and 
Usual Protein Dosing in Critically Ill Patients With Obesity: A Post Hoc 
Analysis of an International, Pragmatic, Single-Blinded, Randomized, 
Clinical Trial. Crit Care Med 2024;52:586-95. doi:10.1097/
CCM.0000000000006117

148  Oldenburg WA, Lau LL, Rodenberg TJ, Edmonds HJ, Burger 
CD. Acute mesenteric ischemia: a clinical review. Arch Intern 
Med 2004;164:1054-62. doi:10.1001/archinte.164.10.1054 

149  Schoots IG, Koffeman GI, Legemate DA, Levi M, van Gulik TM. 
Systematic review of survival after acute mesenteric ischaemia 
according to disease aetiology. Br J Surg 2004;91:17-27. 
doi:10.1002/bjs.4459 

150  Yasuhara H. Acute mesenteric ischemia: the challenge of 
gastroenterology. Surg Today 2005;35:185-95. doi:10.1007/
s00595-004-2924-0 

151  Quenot JP, Plantefeve G, Baudel JL, et al, Bedside adherence to 
clinical practice guidelines for enteral nutrition in critically ill patients 
receiving mechanical ventilation: a prospective, multi-centre, 
observational study. Crit Care 2010;14:R37. doi:10.1186/cc8915

152  Schneider JA, Lee YJ, Grubb WR, Denny J, Hunter C. Institutional 
practices of withholding enteral feeding from intubated 
patients. Crit Care Med 2009;37:2299-302. doi:10.1097/
CCM.0b013e3181a007eb

153  Bendavid I, Singer P, Theilla M, et al, NutritionDay ICU: A 7 year 
worldwide prevalence study of nutrition practice in intensive care. 
Clin Nutr 2017;36:1122-9. doi:10.1016/j.clnu.2016.07.012 

154  Gressies C, Schuetz P. Nutritional issues concerning general medical 
ward patients: feeding patients recovering from critical illness. 
Curr Opin Clin Nutr Metab Care 2023;26:138-45. doi:10.1097/
MCO.0000000000000894 

155  Peterson SJ, Tsai AA, Scala CM, Sowa DC, Sheean PM, Braunschweig 
CL. Adequacy of oral intake in critically ill patients 1 week after 
extubation. J Am Diet Assoc 2010;110:427-33. doi:10.1016/j.
jada.2009.11.020 

156  Jarden RJ, Sutton-Smith L, Boulton C. Oral intake evaluation in 
patients following critical illness: an ICU cohort study. Nurs Crit 
Care 2018;23:179-85. doi:10.1111/nicc.12343 

157  Moisey LL, Pikul J, Keller H, et al, Adequacy of Protein and Energy 
Intake in Critically Ill Adults Following Liberation From Mechanical 
Ventilation Is Dependent on Route of Nutrition Delivery. Nutr Clin 
Pract 2021;36:201-12. doi:10.1002/ncp.10558 

158  Schefold JC, Berger D, Zürcher P, et al, Dysphagia in Mechanically 
Ventilated ICU Patients (DYnAMICS): A Prospective Observational 
Trial. Crit Care Med 2017;45:2061-9. doi:10.1097/
CCM.0000000000002765 

159  Zuercher P, Schenk NV, Moret C, Berger D, Abegglen R, Schefold 
JC. Risk Factors for Dysphagia in ICU Patients After Invasive 
Mechanical Ventilation. Chest 2020;158:1983-91. doi:10.1016/j.
chest.2020.05.576 

160  Doig GS, Simpson F, Finfer S, et alEffect of evidence-based feeding 
guidelines on mortality of critically ill adults: a cluster randomized 
controlled trial. JAMA 2008;300:2731-41. doi:10.1001/
jama.2008.826

161 Cahill NE, Murch L, Cook D, Heyland DK, Canadian Critical Care 
Trials Group. Implementing a multifaceted tailored intervention 
to improve nutrition adequacy in critically ill patients: results of a 
multicenter feasibility study. Crit Care 2014;18:R96. doi:10.1186/
cc13867 

162  Fadeur M, Preiser JC, Verbrugge AM, Misset B, Rousseau AF. Oral 
Nutrition during and after Critical Illness: SPICES for Quality of 
Care!Nutrients 2020;12:3509. doi:10.3390/nu12113509 

163  Ferguson CE, Tatucu-Babet OA, Amon JN, et al, Dietary assessment 
methods for measurement of oral intake in acute care and critically 
ill hospitalised patients: a scoping review. Nutr Res Rev 2023:1-14. 
doi:10.1017/S0954422423000288 

164  Preiser JC, Laureys S, van Zanten ARH, Van Gossum A. Computer-
Assisted Prescription: The Future of Nutrition Care?JPEN J Parenter 
Enteral Nutr 2021;45:452-4. doi:10.1002/jpen.2008

165  Thibault R, Goujon N, Le Gallic E, et al, Use of 10-point analogue 
scales to estimate dietary intake: a prospective study in patients 
nutritionally at-risk. Clin Nutr 2009;28:134-40. doi:10.1016/j.
clnu.2009.01.003 

166  Thibault R, Abbasoglu O, Ioannou E, et al, ESPEN guideline on 
hospital nutrition. Clin Nutr 2021;40:5684-709. doi:10.1016/j.
clnu.2021.09.039 

167  Schuetz P, Fehr R, Baechli V, et al, Individualised nutritional support 
in medical inpatients at nutritional risk: a randomised clinical trial. 
Lancet 2019;393:2312-21. doi:10.1016/S0140-6736(18)32776-
4

168  Kho ME, Berney S, Connolly B. Physical rehabilitation in the 
intensive care unit: past, present, and future. Intensive Care 
Med 2023;49:864-7. doi:10.1007/s00134-023-07099-4 

169  Schaller SJ, Anstey M, Blobner M, et al, International Early SOMS-
guided Mobilization Research Initiative. Early, goal-directed 
mobilisation in the surgical intensive care unit: a randomised 
controlled trial. Lancet 2016;388:1377-88. doi:10.1016/S0140-
6736(16)31637-3 

170  Morris PE, Berry MJ, Files DC, et al, Standardized Rehabilitation and 
Hospital Length of Stay Among Patients With Acute Respiratory 
Failure: A Randomized Clinical Trial. JAMA 2016;315:2694-702. 
doi:10.1001/jama.2016.7201 

171  Moss M, Nordon-Craft A, Malone D, et al, A Randomized Trial of 
an Intensive Physical Therapy Program for Patients with Acute 
Respiratory Failure. Am J Respir Crit Care Med 2016;193:1101-10. 
doi:10.1164/rccm.201505-1039OC 

172  Denehy L, Skinner EH, Edbrooke L, et al, Exercise rehabilitation 
for patients with critical illness: a randomized controlled trial with 
12 months of follow-up. Crit Care 2013;17:R156. doi:10.1186/
cc12835 

173  Patel BK, Wolfe KS, Patel SB, et al, Effect of early mobilisation on long-
term cognitive impairment in critical illness in the USA: a randomised 
controlled trial. Lancet Respir Med 2023;11:563-72. doi:10.1016/
S2213-2600(22)00489-1 

174  Hodgson CL, Bailey M, Bellomo R, et al, TEAM Study Investigators 
and the ANZICS Clinical Trials Group. Early Active Mobilization during 
Mechanical Ventilation in the ICU. N Engl J Med 2022;387:1747-58. 
doi:10.1056/NEJMoa2209083 

175  Kim HK, Suzuki T, Saito K, et al, Effects of exercise and amino acid 
supplementation on body composition and physical function 
in community-dwelling elderly Japanese sarcopenic women: a 
randomized controlled trial. J Am Geriatr Soc 2012;60:16-23. 
doi:10.1111/j.1532-5415.2011.03776.x 

176  Wischmeyer PE, Puthucheary Z, San Millán I, Butz D, Grocott MPW. 
Muscle mass and physical recovery in ICU: innovations for targeting 
of nutrition and exercise. Curr Opin Crit Care 2017;23:269-78. 
doi:10.1097/MCC.0000000000000431 

177  Wischmeyer PE, Bear DE, Berger MM, et al, Personalized nutrition 
therapy in critical care: 10 expert recommendations. Crit 
Care 2023;27:261. doi:10.1186/s13054-023-04539-x 

178  Renner C, Jeitziner MM, Albert M, et al, Guideline on multimodal 
rehabilitation for patients with post-intensive care syndrome. Crit 
Care 2023;27:301. doi:10.1186/s13054-023-04569-5 

179  Carter C, Notter J. Review of enteral nutrition practices in 
critically ill adults in resource-limited environments. BMJ Mil 
Health 2022;168:499-502. doi:10.1136/bmjmilitary-2022-002102 

180  Barcus GC, Papathakis PC, Schaffner A, Chimera B. Nutrition 
Screening, Reported Dietary Intake, Hospital Foods, and Malnutrition 
in Critical Care Patients in Malawi. Nutrients 2021;13:1170. 
doi:10.3390/nu13041170 

181  Chimera-Khombe B, Barcus G, Schaffner A, Papathakis P. High 
prevalence, low identification and screening tools of hospital 
malnutrition in critically- ill patients in Malawi. Eur J Clin 
Nutr 2022;76:1158-64. doi:10.1038/s41430-022-01087-5 

182  Arabi YM, Phua J, Koh Y, et al, Asian Critical Care Clinical Trials 
Group. Structure, Organization, and Delivery of Critical Care 
in Asian ICUs. Crit Care Med 2016;44:e940-8. doi:10.1097/
CCM.0000000000001854 

183  Yilkal D, Chekol B. Nutritional Support for Critically Ill Adult Patients 
for Developing Countries. JAICM 2019;9:1-13. doi:10.19080/
JAICM.2019.09.555762.

184  Van Dyck L, Gunst J, Casaer MP, et al, The clinical potential of 
GDF15 as a “ready-to-feed indicator” for critically ill adults. Crit 
Care 2020;24:557. doi:10.1186/s13054-020-03254-1 

185  Wittholz K, Fetterplace K, Karahalios A, et al, Beta-hydroxy-beta-
methylbutyrate supplementation and functional outcomes in 
multitrauma patients: A pilot randomized controlled trial. JPEN J 
Parenter Enteral Nutr 2023;47:983-92. doi:10.1002/jpen.2527 

186  Weckx R, Goossens C, Derde S, et al, Efficacy and safety of ketone 
ester infusion to prevent muscle weakness in a mouse model 
of sepsis-induced critical illness. Sci Rep 2022;12:10591. 
doi:10.1038/s41598-022-14961-w 

187  Thibault R, Bear DE, Fischer A, et al, Implementation of the ESPEN 
guideline on clinical nutrition in the intensive care unit (ICU): It is 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
- B

IN
A

S
S

S
 at B

iblioteca N
acional de S

alud y S
eguridad S

ocial
o

n
 23 Jan

u
ary 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
2 Jan

u
ary 2025. 

10.1136/b
m

j-2023-077979 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/


STATE OF THE ART REVIEWSTATE OF THE ART REVIEW

the bmj | BMJ 2024;387:e077979 | doi: 10.1136/bmj‑2023‑077979 19

time to move forward!: A position paper from the ‘nutrition in the 
ICU’ ESPEN special interest group. Clin Nutr ESPEN 2023;57:318-30. 
doi:10.1016/j.clnesp.2023.06.033 

188  Thiessen SE, Derde S, Derese I, et al, Role of Glucagon in Catabolism 
and Muscle Wasting of Critical Illness and Modulation by Nutrition. 
Am J Respir Crit Care Med 2017;196:1131-43. doi:10.1164/
rccm.201702-0354OC 

189  Watters JM, Wilmore DW. Role of catabolic hormones in the 
hypoketonaemia of injury. Br J Surg 1986;73:108-10. doi:10.1002/
bjs.1800730210 

190  Tappy L, Berger M, Schwarz JM, et al, Hepatic and peripheral 
glucose metabolism in intensive care patients receiving continuous 
high- or low-carbohydrate enteral nutrition. JPEN J Parenter Enteral 
Nutr 1999;23:260-8. doi:10.1177/0148607199023005260 

191  Mori M, Rooyackers O, Smedberg M, Tjäder I, Norberg A, Wernerman 
J. Endogenous glutamine production in critically ill patients: the effect 

of exogenous glutamine supplementation. Crit Care 2014;18:R72. 
doi:10.1186/cc13829 

192  Haines RW, Prowle JR, Day A, Bear DE, Heyland DK, Puthucheary Z. 
Association between urea trajectory and protein dose in critically 
ill adults: a secondary exploratory analysis of the effort protein trial 
(RE-EFFORT). Crit Care 2024;28:24. doi:10.1186/s13054-024-
04799-1 

193  Heyland DK, Murch L, Cahill N, et al, Enhanced protein-energy 
provision via the enteral route feeding protocol in critically 
ill patients: results of a cluster randomized trial. Crit Care 
Med 2013;41:2743-53. doi:10.1097/CCM.0b013e31829efef5

194  Piton G, Le Gouge A, Brulé N, et alImpact of the route of nutrition 
on gut mucosa in ventilated adults with shock: an ancillary of 
the NUTRIREA-2 trial. Intensive Care Med 2019;45:948-56. 
doi:10.1007/s00134-019-05649-3

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
- B

IN
A

S
S

S
 at B

iblioteca N
acional de S

alud y S
eguridad S

ocial
o

n
 23 Jan

u
ary 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
2 Jan

u
ary 2025. 

10.1136/b
m

j-2023-077979 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/

