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Abstract 

The objective of this work was to develop guidelines for nutritional support in critically ill adults and children (exclud‑
ing neonates and burn patients) unable to maintain an adequate oral intake. We aimed to provide up-to-date 
recommendations based on high-level evidence including the results of recent landmark randomized controlled 
trials.  Experts from the French Intensive Care Society (SRLF), the French Society of Clinical Nutrition and Metabolism 
(SFNCM), and the French-Speaking Group of Pediatric Emergency Physicians and Intensivists (GFRUP) used the GRADE 
methodology to develop the guidelines. Twenty-four Patient Intervention Comparator Outcome (PICO) questions 
were identified, resulting in 34 adult and 29 pediatric recommendations. Of the 34 recommendations for adults, three 
were based on high-level evidence, 12 on moderate-level evidence, and 19 on expert opinion. The corresponding 
numbers for the 29 pediatric recommendations were one, five, and 23. All recommendations achieved strong agree‑
ment among the experts. These guidelines emphasize the importance of individualized nutritional support strategies 
that incorporate recent high-quality evidence to optimize the outcomes of critically ill patients.

Keywords  Critical illness, Adults, Children, Nutritional support, Enteral nutrition, Parenteral nutrition, Calories, 
Proteins, Recommendations

Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Annals of Intensive Care

*Correspondence:
Jean Reignier
jean.reignier@chu-nantes.fr
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-3768-3496
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13613-025-01509-0&domain=pdf


Page 2 of 26Reignier et al. Annals of Intensive Care  (2025) 15:99

Introduction
Critical illness is characterized by metabolic and physi-
ological abnormalities including excessive catabolism 
with protein loss, leading to immune-function impair-
ments and muscle wasting [1–3]. Muscle loss is exacer-
bated by prolonged immobility, which results from both 
the neurological effects of critical illness and the seda-
tion required for patient care and comfort. [4]. Optimal 
nutrition is essential to counteract the effects of exces-
sive catabolism. Inadequate nutritional support has been 
associated with impaired wound healing, immune dys-
function, secondary infection, aggravated metabolic dis-
turbances, increased muscle loss, higher mortality, and 
impaired recovery in survivors [5]. Energy, nutrients, and 
micronutrients must therefore be provided.

Several issues regarding nutritional support for criti-
cally ill patients remain debated, notably the optimal 
amounts of energy and protein to be provided; the best 
time schedule for the initiation and progression of nutri-
ent delivery; and the choice between, or combination of, 
parenteral and enteral feeding. Given these complex met-
abolic challenges, evidence-based guidelines are essential 
and must evolve in response to emerging evidence. The 
French Society of Critical Care issued guidelines for the 
management of nutrition in 2014. However, at the time, 
the available data consisted chiefly of observational stud-
ies providing low-level evidence. Since then, randomized 
controlled trials (RCTs) have produced new information, 
notably regarding the acute phase of critical illness, and 
have also challenged several previous beliefs [6]. Updated 
guidelines are therefore needed.

The purpose of this work was to develop guidelines 
informed by recent data, including high-level evidence 
from RCTs, for the nutritional support of critically ill 
children and adults. These guidelines are intended for 
healthcare professionals involved in providing nutri-
tion care to critically ill adults and children (intensivists, 
dietitians, pharmacists, internists and family physicians). 
They are also intended for researchers studying nutrition 
and critical illness and for hospital committees evaluat-
ing nutritional support policies. Finally, these guidelines 
may prove useful as an educational resource for stu-
dents, healthcare professionals, and the public, including 
patients and their families.

Methods
In these guidelines, nutritional support is defined as the 
provision of enteral nutrition (EN) or parenteral nutrition 
(PN) to adult (≥ 18 years) and pediatric patients admitted 
to intensive care units with severe critical illness preclud-
ing adequate oral feeding. Neonates and burn patients 
were excluded. The guidelines were developed by twenty-
four experts in adult and pediatric nutrition belonging to 

the French Intensive Care Society (Société de Réanima-
tion de Langue Française, SRLF), the French Society of 
Clinical Nutrition and Metabolism (Société Francophone 
de Nutrition Clinique et Métabolisme, SFNCM) and 
French-Speaking Group of Pediatric Emergency Physi-
cians and Intensivists (Groupe Francophone de Réanima-
tion et d’Urgences Pédiatriques, GFRUP), respectively. 
The experts used the Grading of Recommendation 
Assessment, Development and Evaluation (GRADE) 
methodology.

The steering committee identified key questions for 
both adult and pediatric populations, using the Patient 
Intervention Comparator Outcome (PICO) format for 
each. These questions were validated by the experts task 
force and determined the scope of the literature search. 
For this search, the task force of experts defined key 
indexing terms, the time limits, the target population, 
and the specific outcomes. According to the GRADE 
methodology, a level of evidence was first assigned to 
each study identified by the search, based on study design 
and methodological quality. The experts then determined 
the overall level of evidence for each PICO question 
according to the level of evidence of each available study, 
the consistency of the results between the studies, and 
the risk/benefit ratio. A high overall level of evidence led 
to a “strong” GRADE 1 recommendation (i.e., “should be 
done” or “should not be done”) and a moderate or a low 
level of evidence to an “optional” GRADE 2 recommen-
dation (i.e., “should probably be done” or “should prob-
ably not be done”). In the absence of evidence, the issue 
was recommended in the form of an expert opinion.

Recommendations developed by the experts were dis-
cussed during two meetings of the full panel of experts. 
Then, experts rated individually each recommendation 
on a scale of 1 (complete disagreement) to 9 (complete 
agreement). 1 to 3 reflected a disagreement with the rec-
ommendation, 4 to 6 indecision, and 7 to 9, an agreement 
with the recommendation. All experts voted on both 
the adult and the pediatric recommendations. A recom-
mendation was considered approved if at least 50% of the 
experts agreed and no more than 20% disagreed. Strong 
agreement was defined as agreement by at least 70% of 
the experts. When strong agreement was not achieved, 
the recommendation was revised and subjected again to 
the rating process. Only expert opinions that obtained a 
strong agreement were finally adopted.

Results and guidelines
The experts identified 24 PICO questions leading to 34 
and 29 recommendations for adults and children, respec-
tively. For adults, the level of evidence was high (GRADE 
1) for three recommendations, moderate (GRADE 2) for 
12 recommendations, and very low (expert opinion), for 
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19 recommendations. The corresponding numbers for 
children were one, five, and 23. Strong agreement by the 
panel of experts was achieved for all recommendations.

Guidelines for adults
Initiation of nutritional support

R1: The experts suggest early initiation of nutritional 
support in critically ill adults, within 48 h after intensive 
care unit (ICU) admission.

Expert opinion, strong agreement
Critical illness induces structural and functional alter-

ations of the gastrointestinal tract that contribute to 
cause organ failures [7, 8]. Early enteral nutrition may 
help mitigate these alterations [8–10]. Observational 
studies reported that initiating early EN within 24–48 h 
after ICU admission was associated with lower mor-
tality, shorter invasive mechanical ventilation (MV) 
duration, and shorter ICU and hospital lengths of stay 
(LOS) [11–13]. However, data on its impact on ventila-
tor-associated pneumonia (VAP) risk remain conflicting 
[11, 12]. In patients receiving vasopressor support, early 
EN was not associated with improved outcomes com-
pared to delayed EN [14, 15]. Meta-analyses comparing 
early and delayed EN have yielded mixed results. One 
meta-analysis reported significantly fewer infections, but 
no difference in mortality with early EN vs. delayed EN 
[16], while another found that early EN initiated within 
24  h after ICU admission was associated with reduced 
mortality and incidence of pneumonia [17]. There is no 
clear evidence that early EN is better than early paren-
teral nutrition. In a study using a marginal structural Cox 
model and a large prospective database of patients with 
shock receiving invasive MV, both early EN and early 
PN were associated with lower day-28 mortality (hazard 
ratio [HR], 0.89; 95%CI − 0.81 to 0.98, P = 0.01) [18]. Last, 
two recent RCTs comparing early EN to early PN found 
no differences in mortality or infections [14, 15]. Over-
all, these data support beneficial effects of early nutrition 
given enterally or parenterally.

R2: In critically ill adults, either enteral nutrition (EN) 
or parenteral nutrition (PN) can be used within the first 
week after ICU admission.

Grade 1+, strong agreement
This recommendation is based on two large multi-

center RCTs comparing early EN to early PN, started 
within 48 h after ICU admission, continued for one week, 
and delivering a mean of 20 kcal/kg/d [19, 20]. The CAL-
ORIES trial (n = 2388; 83% on MV and 82% on vasoac-
tive drugs) showed no significant difference in day-30 or 
day-90 mortality, ICU-acquired infections, or ICU LOS; 
vomiting was more common with EN [19]. A medico-
economic sub-study of CALORIES showed that early 
PN resulted in a negative incremental net benefit at one 

year [21]. The NUTRIREA-2 trial included 2410 patients 
receiving MV and vasoactive drugs for shock. The early 
EN and early PN groups were not different for MV dura-
tion, ICU LOS, nosocomial infections, day-28 mortality, 
or day-90 mortality [20]. Early EN was associated with 
higher frequencies of vomiting, diarrhea, and bowel 
ischemia compared to early PN. This recommendation 
differs from previous guidelines on this point. Most of 
the earlier guidelines were issued before publication of 
the CALORIES and NUTRIREA-2 trials and relied on 
meta-analyses suggesting fewer infections (but similar 
mortality) with EN. These meta-analyses included studies 
that produced very low-level evidence, enrolled heterog-
enous populations, used various definitions of early EN, 
were not focused on comparing early EN and early PN, 
varied regarding the total energy supply, and/or had an 
observational design [16, 22–27].

Nutritional needs
R3: Given the lack of data on patient outcomes, the 

experts cannot recommend using a specific equation 
instead of the standard method for estimating energy 
needs in critically ill adults (Kcal/kg/d adjusted for body-
mass index).

Expert opinion, strong agreement
The many equations available for estimating energy 

expenditure have only 40%–75% accuracy vs. indirect 
calorimetry (IC) [28–30]. Among them, none has con-
sistently performed better than the others in critically 
ill patients. A major limitation is their reliance on static 
variables (age, height, weight, and sex), which do not 
reflect the changes associated with critical illness [31]. 
More specifically, metabolic shifts occur during the vari-
ous phases of critical illness. Thus, weight, the number 
and severity of organ failures, medications and other 
treatments, and body temperature change over time. 
These factors significantly influence energy expenditure 
yet are not accounted for in the available equations [32]. 
Furthermore, the accuracy of equations is particularly 
low in obese and underweight patients [33, 34]. Another 
major concern is that these equations were validated 
primarily by physiological studies in specific popula-
tions whose features differed substantially from those of 
critically ill patients [29]. Due to their simplicity, weight-
based equations are widely used. However, in patients 
with fluid overload (e.g., post-resuscitation, edema), the 
dry or usual body weight should be used in the equations, 
to improve accuracy. Methods for correcting weight-
based calculations by adjusting for the body-mass index 
(BMI) differ regarding the thresholds and correction fac-
tors. However, no studies have compared the effects on 
patient outcomes of equation-based vs. weight-based 
energy-intake strategies in critically ill patients.  Conse-
quently, given the lack of outcome-based evidence, the 
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experts cannot recommend the use of a specific equation 
instead of the standard weight-based formula (Kcal/kg/d, 
adjusted for BMI).

R4: Although reliable for assessing energy expenditure, 
indirect calorimetry (IC) should probably not be used 
routinely at the bedside with the goal of improving out-
comes of critically ill adults.

Grade 2-, strong agreement
Predictive equations derived from healthy individu-

als are inaccurate for estimating resting energy expendi-
ture (REE) in critically ill patients [35–37]. IC, although 
more reliable, is often difficult to perform in the ICU due 
to factors such as a high fraction of inspired oxygen, air 
leaks, and inter-machine variability. Moreover, the meas-
urements must be repeated frequently given the rapidly 
changing physiology of critically ill patients. Importantly, 
IC does not account for endogenous nutrient release, 
which is unaffected by exogenous nutrition [38, 39].

Studies of IC-guided nutritional therapy have yielded 
mixed results. Meta-analyses suggested either lower 
mortality or no significant benefit [40–42]. In the Sup-
plemental PN study, adding PN to supply 100% of the 
energy target calculated by IC from days 4 to 8 was asso-
ciated with fewer nosocomial infections compared to 
supplying less than 60% of the energy target by EN alone 
[43]. The TICACOS and EAT-ICU trials found that IC-
guided nutrition failed to significantly improve mortality 
or long-term physical function, respectively [44, 45]. The 
TICACOS international study was terminated prema-
turely due to slow recruitment, highlighting the practi-
cal difficulties of implementing IC in daily ICU practice 
[46]. In summary, despite having theoretical advantages, 
IC-guided nutrition has not consistently demonstrated 
clinical benefits [37]. One possible explanation is that 
measured REE may not reflect energy needs during the 
acute phase of critical illness. Recent evidence that low-
energy feeding is beneficial has decreased the relevance 
of accurate REE measurement during the acute phase. 
Whether IC-guided nutrition might improve outcomes 
of patients with long ICU stays deserves further research. 
Continued research is also needed to determine whether 
advances in IC technology improve both accuracy and 
feasibility in the ICU.

R5.1: A low energy supply of 6–8  kcal/kg/d (adjusted 
for BMI) should probably be administered during the first 
ICU week in mechanically ventilated patients, instead of 
the standard energy supply of 20–25 kcal/kg/d (adjusted 
for BMI).

Grade 2+, strong agreement
R5.2: The experts suggest changing to a standard 

energy supply (20–30 kcal/kg/d, adjusted for BMI) at the 
end of the first ICU week.

Expert opinion, strong agreement
Eleven RCTs, including four multicenter trials, com-

pared low-energy to standard-energy nutrition (20–
25  kcal/kg/d) [45, 47–56]. In four of these trials, the 
energy supply was less than 10  kcal/kg/d in the low-
energy groups [48–50, 56]. The study period was the 
entire ICU stay in two trials [45, 56]. Of note, the stand-
ard supply in three trials was less than 20  kcal/kg/d, 
resulting in only a small difference with the low-energy 
group [47, 50, 52]. For two trials, the control group 
received 13–17 kcal/kg/d; the supply of 20–25 kcal/kg/d 
in the other group was achieved using either guidance 
by repeated IC or intensive nutrition [45, 52]. All trials 
but two (EDEN and NUTRIREA-3) hypothesized that 
low-energy nutrition might adversely affect patients. The 
primary outcome was ICU LOS in two trials (EPaNIC 
and NUTRIREA-3), quality of life in the EAT trial, and 
mortality in the other trials. NUTRIREA-3, EPaNIC, 
and EDEN involved low protein supplies during the first 
ICU week [48–50]. EPaNIC and NUTRIREA-3 showed 
significantly shorter ICU stays in the group given low-
energy and low protein nutrition [48, 49]. A single-center 
study (INTACT) was terminated prematurely due to 
higher hospital mortality in the group given the high-
est energy intake [52]. In trials that used EN, diarrhea/
constipation, vomiting, and mesenteric ischemia (sec-
ondary outcomes) were less common with low-energy 
nutrition, although the differences were not statistically 
significant [47, 49, 50, 54]. Extending low-energy nutri-
tion beyond the first week produced the same outcomes 
as did switching to standard nutrition. Trials with follow-
ups of at least 6 months found no differences between the 
low-energy and standard-energy groups [3, 57, 58].

R6: In critically ill adults who are receiving stand-
ard energy supplies and have hypophosphatemia 
(< 0.65  mmol/L), the energy intake should probably be 
reduced to 20  kcal/h (480  kcal/day) for two days, then 
increased progressively.

Grade 2+, strong agreement
Refeeding syndrome is a potentially life-threatening 

metabolic disorder that occurs when malnourished 
patients return to normal or near-normal macronutri-
ent intakes. The manifestations consist of electrolyte 
imbalances with hypophosphatemia, hypokalemia, and 
hypomagnesemia; hyperglycemia with insulin resist-
ance; and water retention [59]. Hypophosphatemia, 
considered a hallmark manifestation, results from 
increased intracellular phosphorylation due to marked 
cellular anabolism. Differentiating refeeding syndrome-
related hypophosphatemia from tubulopathy-induced 
hypophosphatemia is crucial, as only the former leads to 
acute symptoms. The management involves phosphorus 
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supplementation and energy restriction to limit cellular 
anabolism. A single-blinded multicenter RCT included 
327 critically ill patients whose serum phosphate levels 
were < 0.65 mmol/L within 48 h after starting nutritional 
support [60]. Patients were randomized to standard care 
or to the intervention consisting in decreasing the energy 
intake to 20  kcal/h for at least 2  days then returning to 
the standard intake over 2–3  days. There was no differ-
ence in days alive at 60  days after ICU discharge (pri-
mary outcome; difference, 4.9 days; 95%CI − 2.3 to 13.6; 
P = 0.19). However, day-60 survival was significantly 
higher with energy restriction than with standard intakes 
(91% vs. 78%, P = 0.002). A retrospective study involving 
337 patients on MV supported this finding by showing 
that 50% energy restriction was associated with higher 
6-month survival [61]. The data thus suggest that close 
monitoring of serum phosphate levels and energy restric-
tion in the event of hypophosphatemia may improve out-
comes in critically ill patients. RCTs are needed to assess 
this possibility.

R-7.1: A low protein dose of 0.2–0.9 g/kg/d (adjusted 
for BMI) should probably be given during the first ICU 
week in mechanically ventilated patients, instead of the 
standard protein dose of 1–1.3 g/kg/d (adjusted for BMI).

Grade 2+, strong agreement
R-7.2: The experts recommend returning to the stand-

ard protein dose (1.0–1.3 g/kg/d, adjusted for BMI) at the 
end of the first ICU week.

Expert opinion, strong agreement
A large RCT in 1329 patients on MV compared a high 

protein dose (≥ 2.2 g/kg/d) to the standard protein dose 
(≤ 1.2  g/kg/d) for up to 28  days [62]. The primary out-
come was time-to-discharge-alive from the hospital up 
to 60 days after ICU admission. The cumulative incidence 
of survival to hospital discharge did not differ between 
the high-dose group and the usual-dose group. A post-
hoc analysis of the subgroup with acute kidney injury 
(AKI) found that high-dose protein was associated with 
a longer time-to-discharge alive from the hospital and 
higher day-60 mortality [63]. These findings are sup-
ported by a recent metanalysis of 23 RCTs (3303 patients) 
comparing higher vs. lower protein doses in critically ill 
patients in mixed medical-surgical ICUs [64]. The mean 
protein doses were 1.49 ± 0.48  g/kg/d in the high-dose 
group and 0.92 ± 0.30  g/kg/d in the low-dose group. No 
significant differences were found for overall mortality, 
ICU LOS, hospital LOS, or the infection rate. In the sub-
group with AKI, high-dose protein was associated with 
higher mortality.

A large RCT in 3044 patients compared 6  kcal/kg/d 
with 0.2–0.4  g/kg/d protein to 25  kcal/kg/d with 1.0–
1.3  g/kg/d protein during the first ICU week [49]. The 

two primary outcomes were time to readiness for ICU 
discharge and day-90 all-cause mortality. By day-90, 
628 (41.3%) of 1521 patients in the low group and 648 
(42.8%) of 1515 patients in the standard group had died 
(absolute difference, − 1.5%; 95%CI − 5.0 to 2.0; P = 0.41). 
Median time to readiness for ICU discharge was 8.0 days 
[5.0–14.0] in the low group and 9.0 days [5.0–17.0] in the 
standard group (HR, 1.12; 95%CI 1.02–1.22; P = 0.015) 
[49]. Thus, higher protein doses do not improve patient 
outcomes and may increase mortality in those patients 
with AKI, while low protein doses decrease the time to 
readiness for ICU discharge.

R8: Supplemental parenteral nutrition (supplemental 
PN) should probably not be given before day 7 after ICU 
admission in critically ill adults who are unable to meet 
their nutritional needs with oral or enteral nutrition.

Grade 2-, strong agreement
The goal of supplemental PN is to increase protein 

and energy delivery when early EN alone does not allow 
achievement of the targets. Prospective observational 
studies have found no clinical benefits of early supple-
mental PN (< 48  h) compared to late supplemental PN 
(≥ 48  h) or early EN alone (started < 48  h) [65, 66]. In a 
placebo-controlled RCT, day-90 mortality was not lower 
with early EN plus supplemental PN (25 kcal/kg/d) than 
with early EN plus a placebo (10–20 kcal/kg/d) [67].

In the EPaNIC RCT, patients given late supplemental 
PN initiated on day 8 had shorter ICU stays compared 
to patients given early supplemental PN (initiated within 
48  h after ICU admission) (HR, 1.06; 95%CI 1.00–1.13; 
P = 0.04) [48]. The median hospital stay was 2  days 
shorter in the late supplemental PN group. Early supple-
mental PN was associated with longer MV durations and 
higher frequencies of nosocomial infections, compared 
to late supplemental PN. Neither mortality nor func-
tional status at hospital discharge differed between the 
two groups.

The Early-PN RCT included 1372 patients (82% on 
MV) with contraindications to early EN. Day-60 mortal-
ity (primary outcome) did not differ significantly between 
the early PN and standard-care groups [68]. Early PN was 
associated with a shorter MV time but not with ICU LOS 
or hospital LOS, compared to standard care.

The SPN trial included 305 patients who had received 
less than 60% of their energy target by day 3 and were 
randomized to either EN plus supplemental PN (100% 
of the energy target) or EN only, between days 4 and 
8 [43]. Compared to EN only, supplemental PN was 
associated with a lower incidence of nosocomial infec-
tions (primary outcome) (HR, 0.65; 95%CI 0.43–0.97). 
No between-group differences were found for the other 
outcomes including mortality, MV duration, ICU LOS, 
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and hospital LOS. However, this trial has limitations 
that affect the interpretation of its results. The physi-
cians were not blinded, and the primary outcome, 
nosocomial infections, was not adjudicated. The inci-
dence of nosocomial infections (27% in the EN group 
and 38% in the supplemental PN group) was higher 
than expected, given the relatively low mortality rates 
(ICU mortality, 7% and 5% in the EN and supplemen-
tal PN groups, respectively). Meta-analyses have not 
demonstrated any beneficial or detrimental effects of 
supplemental PN. However, the included studies were 
very heterogeneous regarding the periods they were 
conducted, patient populations, illness severity, and 
outcomes [69–71].

R9: Energy- and/or protein-enriched solutions should 
probably not be used in critically ill adults.

Grade 2-, strong agreement
Iso-caloric iso-osmotic EN solutions (1  kcal/mL) are 

the most widely used to meet energy goals. Hypercaloric 
solutions (> 1 kcal/mL) allow a higher energy intake with-
out increasing the fluid volume in patients with gastroin-
testinal dysfunction or digestive intolerance, when fluid 
restriction is required, or for transitioning to oral feeding 
using intermittent EN (e.g., EN at night). In the TARGET 
RCT, patients were randomized to EN with a hyperca-
loric solution containing 1.5  kcal/mL or a standard iso-
caloric iso-osmotic solution [72]. The EN delivery rate 
was 1 mL/kg/h in both groups. The primary outcome was 
day-90 mortality. Compared to the standard solution, the 
hypercaloric solution resulted in a higher energy intake. 
The two groups were not different for day-90 mortality 
(26.8% in the hypercaloric group vs. 25.7% in the stand-
ard group; RR, 1.05; 95%CI 0.94–1.16; P = 0.41), MV 
duration, or infection rate. Regurgitation and vomiting 
were more common with the hypercaloric solution (19% 
vs. 16%), as was insulin use (56% vs. 49%). Of note, we 
are not aware of any study investigating the use of hyper-
caloric EN solutions with the specific goal of decreasing 
water and sodium intakes.

In a randomized feasibility trial, a high-protein EN 
solution (100  g/L) was associated with a higher protein 
intake compared to a 60  g/L solution, with no differ-
ences in energy intake, day-90 mortality, or EN duration 
[73]. No other RCT has compared patient outcomes with 
high-protein vs. standard EN solutions. The EFFORT-
Protein trial compared high-dose protein (≥ 2.2  g/kg/d) 
to standard-dose protein (≤ 1.2  g/kg/d) started within 
96 h after ICU admission and continued for up to 28 days. 
However, patients could receive any combination of EN 
or PN, intravenous amino acids, or enteral protein sup-
plements to achieve protein-intake goals. Increasing the 

protein intake did not lower day-60 mortality [62]. Sub-
group analyses suggested a harmful effect of high protein 
intake in patients with renal insufficiency and/or multi-
ple organ failure [63]. The results of the TARGET Protein 
(NCT05647135) study should be available shortly.

Micronutrients
R10.1: The experts suggest the enteral or parenteral 

administration of micronutrient supplements in critically 
ill adults with insufficient micronutrient intakes (e.g., 
due to fasting, parenteral nutrition, or prolonged enteral 
nutrition < 1500  kcal/d) or with increased losses due to 
renal replacement therapy (RRT).

Expert opinion, strong agreement
R-10.2: The experts suggest that routine micronutrient 

assays are unnecessary in critically ill adults.
Expert opinion, strong agreement
Micronutrients, defined as essential nutrients required 

in trace amounts for health and survival, include vitamins 
and trace minerals [74]. Currently available PN solutions 
do not include micronutrients, which must therefore be 
provided as supplements. The amounts of micronutrients 
in EN solutions are those considered optimal for healthy 
individuals receiving 1500 kcal/d [75]. Factors associated 
with inadequate micronutrient intakes during EN include 
fasting for more than 4 h/d and receiving less than 50% of 
the target intake of 20–25 kcal/kg/d. Conversely, achiev-
ing at least 80% of this target may be associated with an 
improved micronutrient status [76, 77]. Micronutri-
ent deficiencies require time to develop. RRT in criti-
cally ill patients may result in greater micronutrient loss. 
Although no clinical effects have been reported, supple-
mentation decreases the frequency of abnormally low 
micronutrient levels [78–85]. The few studies of micro-
nutrient dosages for critically ill patients do not support 
routine supplementation [86–91]. However, in patients 
with chronic alcohol abuse, B-vitamin and folate supple-
mentation is recommended [92].

Several observational studies demonstrated a sig-
nificant decrease in plasma micronutrient concentra-
tions over the first ICU days. During the inflammatory 
response, plasma levels do not reliably reflect intracellu-
lar concentrations of trace elements and therefore cannot 
be used to diagnose deficiencies [93, 94]. Finally, no stud-
ies have demonstrated benefits from routine assays and 
subsequent administration of deficient micronutrients in 
critically ill patients.

Management of enteral nutrition
R11: The experts suggest reserving postpyloric feeding 

for critically ill adults with enteral nutrition intolerance 
refractory to appropriate management.
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Expert opinion, strong agreement
Postpyloric or small-bowel feeding has the theo-

retical advantage of bypassing the potentially hypoki-
netic stomach of critically ill patients.  A Cochrane 
meta-analysis of 14 trials (n = 1109 patients) showed 
that, compared to gastric feeding, postpyloric feed-
ing was associated with a lower risk of pneumonia and 
increased nutrient delivery despite a longer time to EN 
initiation [95]. The two groups did not differ regard-
ing mortality, MV duration, or ICU LOS. Similarly, 
a subsequent meta-analysis found lower pneumonia 
rates and higher energy and protein intakes but no dif-
ference in mortality or ICU LOS [96]. No large RCT 
is available. Moreover, compared to gastric feeding, 
postpyloric feeding is less physiological, and the need 
for specific expertise and equipment may delay EN ini-
tiation. The recent large RCTs on EN chiefly used gas-
tric feeding [19, 47, 49, 62, 72]. Therefore, postpyloric 
feeding should be reserved for patients with persis-
tent intolerance to gastric feeding despite appropriate 
management.

R12: The experts suggest that gastrostomy should not 
be used routinely instead of orogastric or nasogastric 
tubes for prolonged EN in critically ill adults.

Expert opinion, strong agreement
In critically ill patients, nasogastric or orogastric tube 

placement, typically performed by nursing staff, is the 
most common initial method of EN delivery. When 
prolonged EN is anticipated, percutaneous endoscopic 
gastrostomy tube insertion is a potential alternative 
to nasogastric/orogastric tubes. Six RCTs compared 
nasogastric and percutaneous endoscopic gastrostomy 
tubes for extended EN [97–102]. Five trials included 
fewer than 60 patients, the only exception being the 
FOOD trial (n = 321 [99]); only two ([99, 102]) had a mul-
ticenter design, and the overall methodological quality 
was low to very low. Two trials did not predefine a pri-
mary outcome [97, 100]. Five trials focused on stroke 
patients and only one investigated a heterogeneous pop-
ulation of critically ill patients [100]. Gastrostomy was 
performed within 48  h after ICU admission in two tri-
als [101, 102] and later in four trials. Mortality data were 
available for only two trials, and the largest trial demon-
strated no statistically significant difference in 6-month 
mortality [99]. Percutaneous endoscopic gastrostomy 
tubes may decrease the risks of regurgitation and VAP 
[98, 101]. These findings are consistent with a 2015 
Cochrane meta-analysis that included most of the above-
mentioned trials and other trials that were not con-
fined to critically ill patients, including a trial in patients 
with dysphagia [103]. In a meta-analysis, however, nei-
ther mortality nor pneumonia rates differed between 

percutaneous endoscopic gastrostomy and nasogastric/
orogastric tubes. Consequently, the decision to perform 
percutaneous endoscopic gastrostomy should be based 
on a careful assessment of individual patient benefits and 
risks, in conjunction with preferences of the patient or 
surrogates.

R13: Continuous enteral nutrition should probably 
be preferred over bolus enteral nutrition in critically ill 
adults.

Grade 2+, strong agreement
EN can be delivered continuously or intermittently 

[104]. Intermittent EN may consist in administration 
over 30–60  min every 4–6  h or in bolus delivery over 
4–10 min four to six times a day. Continuous EN at a con-
stant flow rate is widely used in general ICUs and should 
theoretically improve digestive tolerance and nutrient 
absorption compared to intermittent EN. Conversely, 
intermittent EN may promote increased patient mobility, 
stimulate protein synthesis, and augment gastrointesti-
nal hormone secretion, potentially improving gallbladder 
contractions [104, 105]. Moreover, the fasting periods 
may benefit diurnal homeostasis and stimulate autophagy 
[106, 107]. However, aligning nutritional intakes on cir-
cadian rhythms has not been proven to produce clinical 
benefits [108]. In a meta-analysis of 14 RCTs, continu-
ous and intermittent EN were not significantly differ-
ent regarding gastrointestinal symptoms, intolerance to 
EN, nosocomial pneumonia, and glycemic control [109]. 
Additional high-quality RCTs are warranted.

R14: In critically ill adults, enteral nutrition should 
probably be continued until extubation, with no pre-
extubation fasting period.

Grade 2+, strong agreement
Pre-extubation fasting to decrease the risk of aspiration 

during extubation is a common practice whose effective-
ness has been challenged. In an observational, prospec-
tive, single-center study in 100 patients, gastric emptying 
as assessed by ultrasound was not different after fasting 
for more vs. less than 6 h [110]. An RCT in 24 patients 
undergoing bedside tracheostomy found no difference 
in aspiration or postoperative pneumonia rates between 
preoperative fasting durations of 6  h vs. 45  min [111]. 
In a pilot study in patients undergoing tracheostomy, 
compared to fasting, perioperative EN (n = 10) resulted 
in higher energy delivery with no increase in morbidity 
[112].

A larger, multicenter (22 ICUs), open-label, cluster-ran-
domized, parallel-group, non-inferiority trial compared 
continued EN vs. a 6-h fasting period before extubation 
in 1130 critically ill patients [113]. The proportion of 
patients with the primary outcome of extubation failure 
(defined as a composite of reintubation or death by day 
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7) was 17.2% with continued EN and 17.5% with 6-h fast-
ing (absolute difference, − 0.4%; 95%CI − 5.2 to 4.5%). 
VAP rates were similar between groups (1.6% vs. 2.5%; 
RR, 0.77; 95%CI 0.22–2.69). Importantly, the median 
time from the first successful spontaneous breathing 
trial to extubation was significantly shorter in the con-
tinued EN group vs. the 6-h fasting group. Consequently, 
the median time from the first successful spontaneous 
breathing trial to ICU discharge was also shorter in the 
continued EN group. ICU mortality was higher in the 6-h 
fasting group than in the continued EN group.

Management of intolerance to enteral nutrition
R15: The experts suggest either gradual or immedi-

ate achievement of the energy target, with monitoring 
of phosphatemia and digestive tolerance in critically ill 
adults receiving enteral nutrition.

Expert opinion, strong agreement
Compared to immediately supplying the energy target, 

increasing the EN supply gradually might decrease EN 
intolerance, which is common in patients on MV. A single 
RCT in 100 patients compared the two strategies in criti-
cally ill patients started on EN within 24 h of intubation 
[114]. Energy intakes and EN tolerance were monitored 
through day 7. The energy intake was significantly higher 
with immediate target achievement. The groups were not 
significantly different for vomiting rates, prokinetic agent 
use, or colonic distension. The Refeeding Syndrome RCT 
compared restricted vs. standard energy intakes for man-
aging refeeding syndrome at the acute phase of critical 
illness in 339 patients [60]. In the restricted group, the 
EN supply was limited to 20 kcal/h for at least 2 days and 
subsequently adjusted based on serum phosphate lev-
els. Over the 60-day follow-up period, the mean num-
ber of days alive after ICU discharge (primary outcome) 
was not significantly different between the standard and 
restricted groups (difference, 4.9  days; 95%CI − 2.3 to 
13.6; P = 0.19). However, the number of patients alive on 
day-60 was higher in the standard group. Nosocomial 
infections were more common in the standard group. 
Thus, neither trial supports gradually achieving the 
energy target in all patients at the acute phase of critical 
illness. Of note, the Refeeding Syndrome RCT highlights 
the importance of energy restriction during the acute 
phase and of monitoring serum phosphate levels.

R16: Gastric residual volume (GRV) should probably 
not be monitored routinely with the goal of assessing 
enteral nutrition intolerance or preventing nosocomial 
pneumonia in critically ill adults.

Grade 2-, strong agreement
Critically ill patients often exhibit delayed gastric 

emptying, with an increase in gastric residual volume 
(GRV). A high GRV can lead to gastroesophageal reflux, 

regurgitation, and vomiting, which occur in up to 40% of 
patients on MV [115–117]. Although traditionally used 
to assess EN tolerance, GRV measurement lacks reliabil-
ity, due to factors such as tube size and position, patient 
positioning, and methodological variability [118]. A high 
GRV is associated with an increased risk of VAP, but this 
relationship is unlikely to be causal.

In several studies, omitting GRV monitoring did not 
increase the VAP incidence despite higher vomiting rates 
[118–120]. A large multicenter RCT demonstrated no 
significant increase in VAP incidence (OR, 0.83; 95%CI 
0.37–1.89) despite increased vomiting when GRV was 
not monitored [121]. Importantly, the absence of GRV 
monitoring promoted the achievement of energy targets 
by reducing unnecessary EN interruptions. No signifi-
cant differences were observed for ICU LOS, mortality, 
or MV duration. Thus, routine GRV monitoring may 
be unnecessary in critically ill patients. Eliminating this 
practice from standard care may be warranted to opti-
mize EN delivery without increasing adverse outcomes.

R17.1: For critically ill adults with persistent enteral 
nutrition intolerance despite adequate symptomatic 
treatment, the experts suggest decreasing the enteral 
nutrition delivery rate for a predefined period of a few 
hours rather than stopping enteral nutrition.

Expert opinion, strong agreement
R17.2: The experts suggest that causes of EN intoler-

ance should be investigated before administering symp-
tomatic treatment.

Expert opinion, strong agreement
EN intolerance is variably defined, usually based on a 

GRV > 250  mL or > 500  mL, with or without vomiting, 
regurgitation, abdominal distension, or diarrhea [115, 
121–124]. EN intolerance is associated with higher mor-
tality, pneumonia, and longer ICU stays, although cau-
sality is unproven [125–127]. Differentiating between 
proximal intolerance (stomach/small bowel) and distal 
intolerance (colon) is important. Given the variability 
in definitions, scoring systems have been developed to 
standardize the assessment. The European Society of 
Intensive Care Medicine (ESICM) developed the 2013 
Acute Gastrointestinal Injury (AGI) scale, which scores 
gastrointestinal dysfunction from 0 (no symptoms) to 4 
(failure with extra-digestive organ involvement) [128]. 
The Gastrointestinal Dysfunction Score (GIDS) was 
developed subsequently as an evolution of the AGI scale 
[129].

A systematic search for the cause of EN intoler-
ance is crucial. A major concern is non-occlusive mes-
enteric ischemia (NOMI), for which EN can be a risk 
factor in critically ill patients receiving high-dose cat-
echolamines and/or dobutamine [130]. Gastrointestinal 
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ultrasonography may be a valuable adjunct to the physi-
cal examination as a means of estimating the GRV, iden-
tifying gastroparesis, and detecting early signs of NOMI 
such as portal venous gas [131, 132].  EN intolerance 
often leads to a reduction or interruption in EN deliv-
ery. No clear evidence exists to determine which of these 
two strategies is preferable [133]. Several management 
algorithms exist, but a consensus on the optimal treat-
ment remains lacking. Stopping EN for the management 
of intolerance is a major cause of below-target feeding 
[124].

R18.1: Prokinetic agents should probably be used to 
decrease vomiting in critically ill adults with enteral 
nutrition intolerance.

Grade 2+, strong agreement
R-18.2: The experts suggest either erythromycin or 

metoclopramide, or both, as prokinetic agents.
Expert opinion, strong agreement
Prokinetic agents are widely used to improve toler-

ance to gastric EN in critically ill patients. Moderate-
quality evidence supports their efficacy compared to a 
placebo or no intervention. In a meta-analysis, EN intol-
erance was significantly less common with prokinetics 
[134]. A subsequent meta-analysis supported beneficial 
effects in 10 of the 13 included studies [135]. Nonethe-
less, whether prokinetics improve clinically important 
outcomes such as mortality, ICU LOS, and the rate of 
pneumonia remains unclear [134, 135]. Metoclopramide 
and erythromycin are the most widely used prokinetic 
agents. Erythromycin may deserve preference [136–140]. 
In a meta-analysis of six studies, EN intolerance was sig-
nificantly less common with erythromycin but not with 
other prokinetics [136]. However, metoclopramide is 
often preferred as the first-line agent due to concerns 
about ventricular arrhythmias and microbial resistance 
associated with erythromycin. Tachyphylaxis can occur 
with both drugs, limiting their long-term effectiveness. 
The ghrelin agonist ulimorelin has demonstrated simi-
lar efficacy to metoclopramide in promoting success-
ful EN, without significant safety differences, but is not 
yet commercially available [141]. Combination therapies 
have been investigated, such as metoclopramide plus 
erythromycin or neostigmine, and were more effective 
than monotherapy in decreasing the GRV [142, 143]. The 
extent to which nutritional targets should be aggressively 
pursued in patients with EN intolerance, particularly dur-
ing the first ICU days, remains debated. Further research 
is needed to define the optimal use of prokinetic agents 
in critically ill patients.

R19.1: In patients on mechanical ventilation who are 
receiving enteral nutrition and require prone positioning, 
the experts suggest continuing enteral nutrition during 
the prone periods.

Expert opinion, strong agreement
R19.2: The experts suggest that the nutritional proto-

col for patients managed with prone positioning should 
include prophylactic prokinetic agents and elevated head-
of-bed position, to improve enteral nutrition tolerance.

Expert opinion, strong agreement
Prone positioning is a key treatment of acute res-

piratory distress syndrome (ARDS) [144]. Data on EN 
tolerance in critically ill patients turned in the prone 
position are conflicting. In some studies, EN intoler-
ance and vomiting, leading to EN discontinuation and 
decreased intakes, were more common in the prone 
than in the supine position [145–147]. Other studies 
showed no clinically significant increases in EN intol-
erance or gastrointestinal complications in the prone 
position [148–150]. No studies have demonstrated 
associations of EN in the prone position with adverse 
effects on clinical outcomes including LOS, VAP, or 
mortality.

The implementation of nutritional protocols including 
the use of prokinetic agents and elevated head-of-bed 
position may improve EN tolerance. In a before-after 
study, after protocol implementation, the median EN vol-
ume delivered per day increased significantly [41]. Apply-
ing standardized EN management protocols may allow 
the delivery of greater EN volumes while also decreasing 
EN interruptions, regurgitation, and vomiting in patients 
treated with prone positioning [147, 151].

R20.1: The experts suggest the use of fiber-containing 
enteral nutrition products in critically ill adult patients 
with diarrhea.

Expert opinion, strong agreement
R20.2: There is insufficient evidence to recommend the 

routine use of fiber-containing enteral nutrition products 
to prevent diarrhea or other digestive complications in 
critically ill adults.

Expert opinion, strong agreement
Two types of fiber-containing EN products are cur-

rently available: one type contains both soluble and 
insoluble fiber and the other only soluble fiber (partially 
hydrolyzed guar gum). Fiber regulates intestinal transit, 
and depending on its type, influences viscosity, the fer-
mentation rate, and/or fecal mass [152, 153].

In two RCTs, compared to a fiber-free EN, EN with 
partially hydrolyzed guar gum decreased the diarrhea 
severity score and, in patients with pre-existing diarrhea, 
decreased the number of diarrhea episodes [154, 155]. A 
meta-analysis of 19 studies showed lower diarrhea scores 
and a lower risk of gastrointestinal complications with 
fiber vs. no fiber [156]. The incidence of diarrhea (meas-
ured as the number of affected patients and/or the per-
centage of days with diarrhea) was significantly lower 
with vs. without fiber. Sub-group analyses showed similar 
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results with soluble vs. mixed fibers. Fiber may protect 
from gastrointestinal complications, although fiber fer-
mentation may contribute to abdominal distension in 
some patients [156, 157].

Fiber may also facilitate the faster achievement 
of energy targets and benefit glycemic control [155, 
157]. However, available studies had limited sample sizes 
and heterogeneous populations, and produced only low-
level evidence. Well-designed studies are needed before 
fiber-containing EN products can be recommended rou-
tinely and before the appropriate dosages for specific 
patient populations can be determined.

Specific conditions
Immunonutrition
R-21: Immunonutrition or specific immunonutrients 

should not be used in critically ill adults.
Grade 1-, strong agreement
Critically ill patients, particularly those with sepsis, 

may develop immunoparalysis, which increases suscep-
tibility to hospital-acquired infections. Immunonutrition 
provides nutrients that influence immune function, tis-
sue repair, and inflammatory responses. Key immunon-
utrients studied in the ICU include glutamine, arginine, 
taurine, omega-3 polyunsaturated fatty acids, fat-soluble 
vitamins (A, D, E, and K), water-soluble vitamins (B and 
C), and selenium.

While immunonutrition has shown efficacy in pro-
tecting against hospital-acquired infections in the perio-
perative setting, effects in critically ill patients remain 
controversial [158–160]. Omega-3 polyunsaturated 
fatty acids may provide benefits in patients with ARDS 
[161]. In contrast, supplementation with glutamine [162, 
163] or vitamin C [164, 165] has been associated with 
increased mortality in critically ill patients. Selenium 
supplementation does not appear to significantly affect 
clinical outcomes [162, 166]. Clinical trials of immu-
nonutrition showed either no benefit or potential harm, 
including increased mortality, compared to standard 
nutrition [167–169]. Studies used diverse nutrients, 
with different cellular targets, and enrolled a variety of 
patient populations, precluding general conclusions. 
Well-designed RCTs are needed. Based on the current 
evidence, the routine use of immunonutrients in the ICU 
cannot be recommended. As indicated above, the present 
guidelines do not apply to burn patients.

Acute pancreatitis
R22.1: In critically ill adults with acute pancreati-

tis and persistent organ failure, enteral nutrition should 
probably be initiated within the first week following ICU 
admission.

Grade 2+, strong agreement
R22.2: In critically ill adults with acute pancreatitis and 

persistent organ failure, enteral nutrition should be pre-
ferred over parenteral nutrition.

Grade 1+, strong agreement
R22.3: In critically ill adults with acute pancreatitis and 

persistent organ failure, initial nasojejunal tube feeding 
should probably not be prioritized over nasogastric tube 
feeding.

Grade 2-, strong agreement
An RCT in 205 patients with acute pancreatitis (30% 

with an APACHE II score > 13) compared early nasogas-
tric tube feeding initiated within 24  h of randomiza-
tion, which occurred within 24  h after presentation to 
the emergency department (early group) and an oral 
diet started 72 h after presentation (on-demand group). 
The primary endpoint was a composite of major infec-
tion or death at 6  months. The two groups did not dif-
fer significantly for the primary endpoint (RR, 1.07; 
95%CI 0.79–1.44; P = 0.76), the infection rate, or mor-
tality [170]. Other studies also found that early EN was 
not more beneficial than delayed EN or oral feeding [171, 
172]. The studies vary widely regarding early EN timing 
(< 24 h or < 48 h), late EN timing (> 72 h, > 7 days, or com-
bined oral feeding and EN), and required disease sever-
ity for inclusion. The data suggest that EN or oral feeding 
should be initiated within the first week after admission 
for severe acute pancreatitis. The evidence does not sup-
port routine early EN within 48 h. Meta-analyses showed 
lower mortality and fewer local and systemic infections 
with EN than with PN [16, 173]. The postpyloric route 
was not better than the nasogastric route regarding mor-
tality, infections, organ failure, or ICU LOS in two other 
meta-analyses [174, 175]. Consequently, the nasogastric 
route should be preferred initially, as nasogastric tubes 
are easier to insert compared to nasojejunal tubes. These 
three recommendations are consistent with previous 
guidelines for the initial management of acute pancrea-
titis [176–179].

Patients receiving noninvasive ventilation (NIV) or 
high-flow nasal oxygen (HFNO)

R23.1: The experts suggest oral feeding with monitor-
ing of swallowing for critically ill adults receiving nonin-
vasive ventilation or high-flow nasal oxygen.

Expert opinion, strong agreement
R23.2: There is no evidence to recommend additional 

enteral nutrition or parenteral nutrition for critically ill 
adult patients receiving noninvasive ventilation or high-
flow nasal oxygen during the first ICU week.

Expert opinion, strong agreement
Data on the nutritional management of patients 

receiving NIV or HFNO are limited. Dysphagia, 



Page 11 of 26Reignier et al. Annals of Intensive Care  (2025) 15:99	

nausea, anosmia, and the NIV mask can hinder both 
oral nutrition and EN. A retrospective study found that, 
during the first two days of NIV, patients either were 
not fed (57.8%) or received inadequate nutrition [180]. 
Intubation was more common in patients receiving 
PN or EN. Oral nutrition was protective compared to 
no nutrition. Furthermore, compared to no nutrition, 
EN was associated with higher mortality, whereas PN 
and oral nutrition were not. Compared to no nutri-
tion, VAP was more common with PN and EN but not 
with oral nutrition. Two other studies found that oral 
nutrition in patients on NIV often failed to meet nutri-
tional targets. In a prospective cohort study, NIV fail-
ure was more common in patients receiving EN via a 
gastric tube, although EN was administered to only 
28.5% of those patients with NIV [181]. In a retrospec-
tive cohort study, EN was associated with higher rates 
of airway complications and longer NIV duration, but 
EN was started within 48  h in only 43% of patients 
[182]. Importantly, all these studies lacked comparison 
groups with similar admission diagnoses. An observa-
tional study in patients receiving HFNO found that 25% 
received only oral nutrition and 50% received EN [183]. 
Oral nutrition is possible with HFNO but can be lim-
ited by impaired swallowing at flows above 40 L/min, 
increased laryngeal vestibule closure, and disruption 
of lip-tongue synergy [184]. Adapting food textures; 
excluding or thickening liquids; and performing objec-
tive, standardized swallowing assessments before each 
oral feeding are often necessary.

After ICU discharge
R24: The experts suggest that a comprehensive nutri-

tional and physical assessment be conducted before ICU 
discharge to develop a personalized nutritional and phys-
ical rehabilitation program designed to promote func-
tional recovery.

Expert opinion, strong agreement
Multimodal rehabilitation requires a multidiscipli-

nary approach involving intensivists, nutritionists, 
dietitians, rehabilitation therapists (including physi-
otherapists, adapted physical activity instructors, occu-
pational therapists, and psychomotor therapists), speech 
therapists, psychologists, nurses, and nursing assis-
tants. Multimodal rehabilitation in patients preparing 
for ICU discharge may improve nutritional intake and 
status, enhance physical function, and improve clini-
cal outcomes. The RECOVER RCT (n = 240) in adults 
demonstrated that post-ICU hospital-based rehabilita-
tion including enhanced physical and nutritional therapy 
and patient education was feasible and associated with 
improved patient satisfaction about various aspects of 
recovery [185]. Nutritional intakes of 30–35  kcal/kg/d 

and 1.2–1.5 g protein/kg/day, combined with appropriate 
physical activity, may promote recovery two months after 
ICU discharge, as evidenced by improvements in weight, 
muscle strength, muscle mass, walking speed, dyspha-
gia, autonomy, and Barthel Index scores [186, 187]. The 
success of multimodal rehabilitation depends on setting 
individualized goals in collaboration with the patients 
and tailoring the protocol to maximize patient satisfac-
tion while minimizing healthcare needs [185, 188, 189]. 
The EFFORT trial (n = 2088) demonstrated that protocol-
guided, individualized nutritional support helped achieve 
protein and energy goals (in 75% of patients), thereby 
reducing the risk of adverse clinical outcomes and mor-
bidity in hospitalized medical patients at nutritional risk, 
as defined by a Nutritional Risk Score (NRS)-2002 ≥ 3 
[190]. However, to date, no RCTs in critically ill patients 
have directly compared multimodal rehabilitation to 
standard care regarding clinical outcomes after ICU 
discharge.

Guidelines for children
Initiation of nutritional support

Pediatric R1: The experts suggest initiating enteral 
nutrition in critically ill children within 24–48  h after 
admission, in the absence of contraindications. Paren-
teral nutrition should probably not be initiated within 
48 h of pediatric ICU (PICU) admission.

Expert opinion, strong agreement
No RCT has compared nutrition started within vs. 

after the first 48 h in the PICU. Early EN promotes and 
maintains gastrointestinal mucosal integrity and func-
tion [9]. Observational studies in the past decade have 
established the feasibility and safety of EN in critically 
ill children with medical or surgical diagnoses. The few 
contraindications of EN are not specific to pediatric 
patients and consist of a non-functional gastrointestinal 
tract, proximal digestive fistula, and coma without airway 
protection.  Early start of EN was suggested for patients 
with stable hemodynamics [191, 192]. Early EN in PICU 
patients is variably defined. In a large retrospective mul-
ticenter study, early EN was defined as enteral delivery 
of 25% of the energy target over the first 48  h and was 
associated with lower mortality [193]. Early EN and early 
PN were compared in two RCTs. In the PEPaNIC trial, 
withholding supplemental PN for 1 week in the PICU led 
to fewer new infections and a shorter PICU LOS com-
pared to early PN (within 24 h), even after adjustment for 
EN. Patients given no EN had similar outcomes to those 
who received EN. Early PN results in higher daily energy 
intakes than recommended.  In an observational retro-
spective study, early PN in patients given no EN for the 
first 4 days was associated with higher mortality [194].
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Pediatrics R2: The experts suggest enteral nutrition 
as the first-line approach in critically ill children, in the 
absence of contraindications.

Expert opinion, strong agreement
No RCTs comparing EN to PN in pediatric patients are 

available. A 1998 retrospective study compared the tol-
erance and complications of EN and PN in 29 children 
on ECMO, including 14 on EN only and 13 on PN only 
[195]. Achievement of predefined energy targets was not 
different between the two groups, and EN was not associ-
ated with any complications. A case–control study of 180 
patients aged 2  months to 5  years and admitted to the 
PICU for respiratory distress compared outcomes with 
early EN (n = 90) and early PN (n = 90) [196]. Early PN 
was associated with higher mortality (27.1% vs. 11.1%, 
P = 0.01) and with higher rates of sepsis and VAP [197]. 
The many advantages of EN include a trophic effect on 
the gastrointestinal mucosa, less bacterial translocation, 
fewer infections, and lower costs. An international mul-
ticenter cohort study in 500 critically ill patients with a 
mean age of 4.5  years showed that EN was preferred 
based on the lower risk of infections and lower costs 
compared to PN [198]. Less than 9% of patients received 
PN in this study. The PEPaNIC RCT found greater mor-
bidity in critically ill children receiving early supplemen-
tal PN compared to late supplemental PN [199]. Children 
with stable hemodynamics under vasoactive drug therapy 
or extracorporeal life support are often given EN, with a 
cautious approach and close monitoring of gastrointesti-
nal tolerance [200].

Nutritional needs
Pediatric R3: The authors suggest using the stand-

ard Schofield equations in critically ill children and not 
using PICU-specific predictive equations to guide energy 
prescriptions.

Expert opinion, strong agreement
The accuracy of various predictive equations for esti-

mating energy expenditure in critically ill children has 
been extensively investigated. Among these, the Schofield 
predictive equation has been recommended in previous 
guidelines and is widely used in pediatric intensive care 
units (PICUs) [201, 202]. However, only a limited number 
of equations have been developed specifically for venti-
lated, critically ill pediatric patients. One such equation 
incorporates clinical parameters such as diagnostic cat-
egory, body temperature, and the day of PICU admission 
[203, 204].

Nevertheless, studies—including a systematic review—
have demonstrated that more complex equations often 
perform worse than simpler predictive models, such 
as the Schofield or World Health Organization equa-
tions [205, 206]. More recently, a metabolic equation 

specifically designed for critically ill children, which 
requires accurate measurement of carbon dioxide pro-
duction, has been reported [207]. While this method may 
be less feasible in children weighing less than 15 kg, it has 
demonstrated superior accuracy compared to conven-
tional predictive equations and represents a promising 
avenue for future research.

In conclusion, given the limited precision and practi-
cality of more complex predictive models, the Schofield 
equation remains the most pragmatic tool for estimating 
energy requirements in critically ill children.

Pediatric R4: The experts suggest extrapolating the 
recommendation on the use of indirect calorimetry in 
critically ill adults to critically ill pediatric patients.

Expert opinion, strong agreement
No PICU study has compared determination of the 

energy target by IC vs. the standard estimation using the 
Schofield equation. IC is the reference method for REE 
measurement but is challenging to use in critically ill chil-
dren and is unavailable in most PICUs [208]. Contrary 
to the Deltatrac II®, which is no longer manufactured, 
none of the available devices has been validated in PICU 
patients [209].  Most PICUs determine energy targets 
using predictive equations, chiefly the Schofield equation 
[201] or WHO equation [210]. The Schofield equation is 
among the least inaccurate in critically ill children on MV 
but is not devoid of substantial bias [205]. Thus, at pre-
sent, estimation of nutritional needs using the Schofield 
equation is the most pragmatic method.

Pediatric R5: In critically ill children, the experts sug-
gest achieving the energy target determined using the 
Schofield equation by the end of the first PICU week and 
avoiding prolonged low-energy feeding.

Expert opinion, strong agreement
No study specifically designed to assess low-energy vs. 

standard-energy nutrition in critically ill children has 
been published. An RCT [199] and five observational 
studies assessed the effect of different energy intakes on 
clinical outcomes [198, 208, 211–213]. The energy tar-
gets varied, but the Schofield equation was often used 
to determine the standard energy intake. No clear defi-
nition of low-energy nutrition in PICU patients is avail-
able. In the PEPaNIC trial, the target of 50 kcal/kg/d was 
achieved on day 2 in the group started on supplemental 
PN within 24 h and on day 7 in the group given supple-
mental PN starting on day 8 [199]. The late supplemen-
tal PN group had fewer patients on RRT, shorter MV 
durations, and shorter PICU stays. Thus, the early pro-
vision of 50 kcal/kg/d, which is close to the REE or tar-
get provided by the Schofield equation, was deleterious. 
Similarly, an observational study showed that an energy 
intake > 110% of the REE measured by IC was associated 
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with poorer outcomes [212]. In agreement with the PEP-
aNIC trial, observational studies showed lower mortality 
rates in children who received > 60% of the energy target 
or > 60 kcal/kg/d within the first 7–10 days in the PICU 
[208, 211, 213]. In the PIN1 multicenter study, mortal-
ity was higher in children who received less than 33% of 
the energy target within the first 7 days [198]. This result 
may be ascribable in part to the limited body reserves 
in children. Most of these studies were performed dur-
ing the first PICU week in children who were on MV and 
sedated. As the clinical conditions change, the energy 
targets should be adapted, notably to the level of physi-
cal activity, cumulative energy deficit, and rehabilitation 
protocol. Overall, the data suggest better outcomes in 
patients with energy intakes close to the REE (provided 
by the Schofield equation) by the end of the first PICU 
week.

Pediatric R6: The experts suggest considering all 
causes of hypophosphatemia, including refeeding syn-
drome in severely malnourished children. If refeed-
ing syndrome is suspected, the experts suggest that the 
standard protocol for temporarily decreasing nutritional 
intakes in non-critically ill children be followed.

Expert opinion, strong agreement
European guidelines for pediatric patients (but not 

specifically PICU patients)  recommend screening for 
refeeding syndrome and achieving nutritional targets 
gradually in high-risk patients [214].  Other causes 
of hypophosphatemia must be considered.  An ancil-
lary study of the PEPaNIC RCT showed that refeeding 
syndrome was more common with early PN than with 
late PN [215]. Early refeeding syndrome was signifi-
cantly associated with longer PICU and hospital stays. 
In a retrospective observational study in infants with 
bronchiolitis,  lower phosphatemia at admission was 
associated with a longer MV duration [216]. No data 
in critically ill children are available regarding possible 
associations between reducing nutrition in the event 
of hypophosphatemia and patient outcomes.  Given 
the lack of data specific to PICU patients, applying the 
standard protocol for non-critically ill children seems 
the best strategy.

Pediatrics R7: The experts suggest progressively 
increasing the protein intake by the end of the first PICU 
week to achieve the standard protein target of 1.5 g/kg/d 
in critically ill children.

Expert opinion, strong agreement
In critically ill children, a standard protein intake of 

1.5  g/kg/d is recommended based on several studies 
[217–219].  A 2017 systematic review showed that daily 
protein intakes ranged from 0.67–1.5 g/kg/d in observa-
tional studies and 2.8–4.7 g/kg/d in RCTs in critically ill 

children [219]. Most of the studies showing benefits from 
higher protein intakes used EN. A protein intake > 1.1 g/
kg/d was associated with a positive nitrogen balance 
and lower mortality, and these associations were strong-
est with intakes > 1.5 g/kg/d, in agreement with a previ-
ous systematic review [217].  A post-hoc analysis of the 
PEPaNIC trial sought to determine which macronutrient 
caused the harm seen with early PN [220]. Early admin-
istration of amino acids was associated with more infec-
tions, longer MV duration, and longer PICU LOS. A pilot 
RCT showed that protein-enriched EN helped to achieve 
the protein target compared to standard EN, with similar 
adverse-event rates and outcomes in both groups [221]. 
Thus, gradually achieving a protein target of 1.5  g/kg/d 
seems desirable.

Pediatric R8.1: Supplemental parenteral nutrition 
(supplemental PN) should be initiated after day 7 rather 
than on day 1.

Grade 1+, strong agreement
Pediatrics R8.2: The experts suggest considering the 

initiation of gradual supplemental parenteral nutrition 
after 48 h if enteral nutrition is expected not to achieve 
nutritional goals on day 7.

Expert opinion, strong agreement
The optimal time for PN initiation is controversial. PN 

is considered when EN fails to meet energy needs. The 
PEPaNIC RCT in 1440 critically ill children showed that 
delaying PN for one week was better than starting PN on 
day 1 regarding LOS, MV duration, and the incidence 
of infections [199]. Early EN was given in both groups. 
Late PN was started on day 8 when EN provided less 
than 80% of the energy target. An open-label, single-
center RCT compared early PN (day 1) and late PN (day 
4 in malnourished and day 7 in well-nourished patients 
[222]. EN was started later and progressed gradually as 
the PN intake was decreased. The primary outcome was 
the need for MV. MV was needed less often and, when 
needed, was given for shorter durations, in the early PN 
group. However, the high malnutrition rate in the trial 
population may limit the general applicability of these 
findings.  No RCTs on PN timing focused on children 
with EN intolerance.

Pediatric R9: Energy and/or protein-enriched solu-
tions should probably be preferred for critically ill chil-
dren in whom a need for fluid restriction compromises 
the achievement of nutritional goals, notably after con-
genital-heart-disease surgery.

Grade 2+, strong agreement
Achieving fluid balance is challenging in critically ill 

children [223]. A meta-analysis found an association 
between fluid overload and higher in-hospital mor-
tality [223]. In a case–control study of children after 
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congenital-heart-disease surgery, patients whose cumula-
tive fluid balance was ≥ 5% by day 2 had longer median 
MV durations, longer PICU stays, and longer hospital 
stays [224].  Most of the data on enriched solutions for 
PICU patients focused on children admitted for congeni-
tal heart disease surgery. Two RCTs and one prospective 
cohort study compared standard and protein-enriched 
EN in small, general PICU populations [221, 225, 226]. 
Feeding tolerance was not different between groups. 
Two meta-analyses of studies in congenital heart dis-
ease surgery children compared outcomes with solutions 
enriched in energy and proteins vs. standard solutions 
[227, 228]. Feeding intolerance, mortality, and the inci-
dence of infections were not different but the enriched 
solutions were associated with shorter MV durations and 
shorter PICU and hospital stays.

Micronutrients
Pediatric R10.1: The experts suggest using micronu-

trient-enriched enteral nutrition or parenteral nutrition 
preparations in critically ill children with prolonged low-
energy nutrition, fasting, or renal replacement therapy.

Expert opinion, strong agreement
Pediatric R10.2: The experts suggest not routinely per-

forming micronutrient assays in critically ill children.
Expert opinion, strong agreement
Several studies show micronutrient deficiencies in 

PICU patients, and some suggest a correlation with 
greater disease severity. However, research on vitamin 
supplementation in the PICU and its relationships with 
clinical outcomes is limited. Vitamin D deficiency is pre-
sent in up to 40% of PICU patients and may be associ-
ated with greater illness severity [229–232]. Vitamin C 
deficiency was found in 18% of PICU patients [233] and 
was associated with greater disease severity in patients 
after congenital-heart-disease surgery [234] or sepsis 
[235].  Selenium deficiency was associated with poorer 
clinical outcomes [236–238]. Vitamin E deficiency has 
also been described [239]. Thiamine deficiency was pre-
sent in up to 30% of malnourished PICU patients and was 
associated with higher mortality [240]. An ancillary study 
of PEPaNIC data found deficient plasma levels of copper, 
zinc, and magnesium at admission in 4.7% of enrolled 
patients. Whether the link between micronutrient defi-
ciencies and disease severity is causal has not been estab-
lished [241]. In an RCT, a single, high dose of vitamin D 
in children admitted to the PICU for sepsis decreased the 
risk of septic shock [242]. High-dose vitamin D supple-
mentation before congenital-heart-disease surgery with 
cardiopulmonary bypass decreased the risk of postop-
erative vitamin D deficiency without inducing adverse 
effects [243].

Management of enteral nutrition
Pediatric R11: Gastric enteral nutrition should prob-

ably be preferred over postpyloric enteral nutrition in 
critically ill children.

Grade 2+, strong agreement
Postpyloric EN was compared to gastric EN in three 

RCTs [244–246] and one observational study [247]. In 
one of the RCTs (n = 62), postpyloric feeding significantly 
increased the daily energy intake, whereas mortality, 
LOS, and aspiration rates were similar between groups 
[245]. A RCT in 40 patients found no difference regard-
ing VAP occurrence [246]. The remaining RCT focused 
on aspiration, which was not significantly different 
between the two groups; of note, abdominal radiographs 
were more often required in the postpyloric group, which 
also had a longer time to EN initiation due to the more 
demanding tube-insertion technique [244]. In the case–
control study, the percentage of the energy target met by 
day 3 was significantly higher in the postpyloric group, 
whereas mortality, time to EN initiation, and LOS were 
not different [247]. However, in these studies, GRV moni-
toring was part of the local protocol only in the gastric 
EN group. Moreover, in one of the RCTs, continuous EN 
was used in the postpyloric group and bolus EN in the 
gastric group, possibly biasing the results [246]. Despite 
the increased energy supply with postpyloric feeding, the 
absence of differences for other outcomes and greater 
ease of insertion of gastric tubes support the use of the 
gastric route.

Pediatric R12: Regarding the indications of gastros-
tomy in critically ill children, the experts suggest extrapo-
lating the recommendations for non-critically ill children.

Expert opinion, strong agreement
No PICU studies have compared the nasogastric 

or orogastric route to gastrostomy for prolonged EN. 
In pediatric patients, the indications of gastrostomy 
depend on the underlying diagnosis. The 2021 updated 
ESPGHAN guidelines suggest gastrostomy for EN to 
avoid malnutrition in patients with severe chronic dis-
ease and also when swallowing is impaired when non-
oral feeding is expected to be required for longer than 
3–6 weeks [248, 249].

Pediatric R13: Either bolus gastric enteral nutrition or 
continuous gastric enteral nutrition should probably be 
used in critically ill children.

Grade 2+, strong agreement
Evidence is scant about whether continuous or bolus 

gastric feeding is best. Two small RCTs (n = 45 chil-
dren) found no difference between continuous and 
bolus EN regarding the frequency of diarrhea or vomit-
ing [250, 251]. EN was started earlier with bolus feeding. 
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In an RCT, continuous EN achieved the energy target 
faster than did bolus EN, with no significant differences 
in vomiting and diarrhea but a higher frequency of EN 
intolerance in the intermittent group [252]. A small RCT 
compared continuous to bolus gastric EN in 25 intubated 
children [253]. Delivery was better with bolus EN and 
safety was similar with the two methods. An RCT in 147 
patients on MV in seven PICUs showed faster achieve-
ment of the nutritional target with bolus than with con-
tinuous EN [254]. Neither the percentage of patients 
who achieved the target nor the serial oxygen saturation 
index differed between the two groups. These studies 
do not report data on GRV, anthropometric parame-
ters, or biochemical markers.  Three recent systematic 
reviews conclude that strong evidence is lacking to rec-
ommend either bolus or continuous EN for intubated 
PICU patients [255–257].  The clinical condition of the 
patient may, however, guide the choice between the two 
methods.

Pediatric R14.1: The experts suggest that gastric 
enteral nutrition need not be routinely interrupted before 
extubation in critically ill children.

Expert opinion, strong agreement
Pediatric R14.2: The experts suggest continuing 

enteral nutrition until extubation in critically ill children 
receiving postpyloric feeding.

Expert opinion, strong agreement
In two surveys conducted in the UK  and France, 

respectively, most PICU healthcare professionals 
reported that a fasting period before extubation was 
standard practice [258, 259]. The underlying rationale is 
that gastric vacuity might make potential re-intubation 
safer and prevent aspiration and VAP. Fasting recom-
mendations for elective surgery are often applied in the 
PICU, despite the absence of validation in this setting 
[260, 261]. Gut motility is impaired in critically ill chil-
dren due to numerous factors, and gastric emptying may 
differ from that in patients preparing for elective surgery 
[262, 263]. Moreover, gastric clearance may differ with 
the continuous EN often used in the PICU compared to 
oral meals eaten by non-critically ill children. An RCT 
compared continuing or interrupting EN during the peri-
extubation period [264]. No significant differences were 
found regarding vomiting, aspiration, VAP, or the reintu-
bation rate. However, both groups were fed via the post-
pyloric route and the trial may have been underpowered. 
Data from adults suggest that continuing EN until extu-
bation is safe, and the experts suggest this method also 
for critically ill children. Caution is recommended, how-
ever, in high-risk children (e.g., with a history of severe 
gastroesophageal reflux, a high risk of extubation failure, 
or difficult intubation).

Management of intolerance to enteral nutrition
Pediatric R15: The experts suggest increasing the 

enteral nutrition intake gradually in critically ill children 
and adjusting the progression rate according to tolerance.

Expert opinion, strong agreement
No RCTs have compared gradually increasing the EN 

intake to full-dose EN from the outset in PICU patients. 
A pilot RCT in 50 patients younger than 6 months admit-
ted after congenital heart disease surgery with cardiopul-
monary bypass compared rapid escalation vs. standard 
escalation to the EN target (27 vs. 63 h) regarding inflam-
mation, insulin resistance, and morbidity [265]. No dif-
ferences were found for cytokine or insulin levels, the 
insulin/glucose ratio, or the postoperative complica-
tion rate. PN should be increased gradually [266]. The 
parenteral glucose supply should be progressive given 
the disruption of the enteroinsular axis and decreased 
maximum glucose-oxidation capacity [267]. In a study 
of children who received no EN for 4 days, early PN was 
associated with significantly higher mortality [194]. In 
severely malnourished children, the nutritional intake 
should be increased slowly to avoid refeeding syndrome 
[268, 269].

Pediatric R16: The experts suggest that gastric residual 
volume (GRV) need not be monitored routinely in criti-
cally ill children.

Expert opinion, strong agreement
GRV monitoring was performed in most PICUs [270] 

as a marker for gastric emptying, which is impaired dur-
ing critical illness [262]. A large GRV was thus taken to 
indicate EN intolerance. However, studies using gastric 
ultrasound or the acetaminophen absorption test showed 
that GRV did not correlate closely with gastric content 
in PICU patients [263, 271–274]. A single clinical obser-
vational study compared two PICUs with different local 
protocols: routine GRV monitoring was standard prac-
tice in one but not in the other [275]. The two groups 
were not significantly different for the percentage of the 
energy target achieved by day 4, the incidence of VAP, or 
the incidence of necrotizing enterocolitis. Data obtained 
in critically ill adults do not support routine GRV moni-
toring. The experts suggest that the same can be applied 
to critically ill children.

Pediatric R17.1: For critically ill children with enteral 
nutrition intolerance, the experts suggest consider-
ing a decrease in the enteral nutrition delivery rate and 
repeated assessments of tolerance to avoid prolonged 
underfeeding.

Expert opinion, strong agreement
Pediatric R17.2: The experts suggest that the causes of 

feeding intolerance should be investigated and treated.
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Expert opinion, strong agreement
Pediatric R17.3: In critically ill children with enteral 

nutrition intolerance, the experts suggest a stepwise 
enteral nutrition advancement protocol.

Expert opinion, strong agreement
Most PICUs define EN intolerance as an increase in 

GRV, vomiting, diarrhea, and abdominal distension. No 
universally recognized definition exists, however. Two 
surveys showed that EN intolerance was among the main 
reasons for interrupting EN [259, 276]. No PICU stud-
ies have evaluated the effects of interrupting or decreas-
ing EN in case of intolerance.  Stepwise protocols have 
been shown to optimize EN escalation and to assist in 
the diagnosis and management of EN intolerance [277]. 
Interruptions for procedures and for EN intolerance are 
common barriers to achieving nutrient targets by EN 
[278]. Attention to these barriers in the PICU and efforts 
aimed at decreasing fasting times are desirable [279].

Pediatric R18: The available data do not allow the 
development of a recommendation regarding the use 
of prokinetics in critically ill children receiving enteral 
nutrition.

Pediatric R19: In critically children on mechani-
cal ventilation receiving enteral nutrition and requiring 
prone positioning, the experts suggest continuing enteral 
nutrition during the prone periods.

Expert opinion, strong agreement
No studies have focused specifically on the relation-

ships between prone positioning and nutrition in the 
PICU. However, an RCT comparing prone positioning 
vs. no prone positioning in PICU patients with acute lung 
injury showed that EN could be administered similarly 
in the two groups [280]. Similar findings were obtained 
in adults on MV [148]. Given the well-established effec-
tiveness of prone positioning in improving oxygenation 
in patients with ARDS, the importance of maintaining 
adequate nutrition in critically ill children, and the good 
reported safety profile of EN in the prone position, the 
experts suggest that EN should be continued in children 
with ARDS who are placed in the prone position.

Pediatric R20: The experts suggest that enteral nutri-
tion solutions containing fibers should be preferred 
over fiber-free enteral nutrition solutions in critically ill 
children.

Expert opinion, strong agreement
Of 97 identified studies, only two—an RCT and a 2023 

observational study—specifically assessed the effects of 
fiber-enriched EN formula in critically ill children [281, 
282]. The RCT found that an EN solution supplemented 
with 5.4  g of fiber/1000  mL (including inulin, fructo-
oligosaccharides, and acacia gum), probiotics (Lactoba-
cillus paracasei NCC2461 and Bifidobacterium longum 

NCC3001), and docosahexaenoic acid was well tolerated 
and safe and increased beneficial fecal bacterial groups 
[282]. The observational study showed that switching to 
a high-fiber formula (1  g fiber/100  mL) maintained sta-
ble concentrations of two key fecal short-chain fatty acids 
(propionate and butyrate) with no significant decrease 
in acetate during the PICU stay [281]. Stool frequency 
was reduced and stool consistency improved. In conclu-
sion, the two available studies suggest potential benefits 
of fiber-enriched EN formulas in critically ill children. 
However, these studies are of moderate-to-low quality 
and are at high risk for publication bias. Dietary fiber 
consumption is already standard practice in neonates and 
infants receiving EN, as both breast milk and standard 
infant milk formulas contain dietary fibers. Moreover, 
there is no physiological rationale to exclude fiber from 
EN in critically ill children. Further research is needed to 
determine the optimal dosages and types of fiber in this 
population.

Specific conditions
Immunonutrition
Pediatric R-21: Immunonutrition or specific immu-

nonutrients should probably not be used in critically ill 
children.

Grade 2-, strong agreement
Data on immunonutrition in the PICU are scarce and 

highly heterogeneous regarding both the types of immu-
nonutrients used and the clinical endpoints. Although 
some micronutrients and immunonutrients blood levels 
are often low in critically ill children, the current evi-
dence is insufficient to recommend routine supplementa-
tion with the goal of improving clinical outcomes. In an 
RCT, 50 patients were assigned to a standard EN prepa-
ration or to an EN preparation with added glutamine, 
ascorbic acid, selenium, zinc, arginine, and omega-3 
fatty acids. Immunonutrition improved nutritional out-
comes and the nitrogen balance but had no significant 
effect on inflammatory mediators, mortality, or PICU 
LOS [283]. An RCT in 98 patients compared standard 
PN to PN with added glutamine [284]. The latter signifi-
cantly decreased inflammatory proteins but did not affect 
clinical outcomes. A larger RCT in 293 PICU patients 
assessed an EN preparation designed to prevent infec-
tions by supplying metoclopramide, high-dose selenium, 
zinc, and glutamine [285]. No significant differences vs. 
the control group were found for nosocomial infection 
rates, the incidence of sepsis or day-28 mortality. Of note, 
a substantial proportion of the study population was 
not severely ill. The ability of selenium supplementation 
to modulate inflammatory mediators has not translated 
into clinical benefits [236, 286]. A retrospective propen-
sity-score-matched study in PICU patients with septic 
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shock found lower mortality with vitamin C, hydrocorti-
sone, and thiamine (9%) than with hydrocortisone alone 
or standard care [287]. These findings should be viewed 
with caution as the study was small and methodologically 
flawed.

Acute pancreatitis
The experts suggest extrapolating the recommenda-

tions for adults to children.
R-22.1: In critically ill children with acute pancreati-

tis and persistent organ failure, enteral nutrition should 
probably be initiated within the first week following ICU 
admission.

R-22.2: In critically ill children with acute pancreatitis 
and persistent organ failure, enteral nutrition should be 
preferred over parenteral nutrition.

R-22.3: In critically ill children with acute pancreati-
tis and persistent organ failure, nasojejunal tube feeding 
should probably not be given preference initially over 
nasogastric tube feeding.

Expert opinion, strong agreement
Acute pancreatitis is rare in childhood (13.2/100 

000/y in the US) but is becoming more common [288, 
289]. Most children with acute pancreatitis are admitted 
to general wards rather than PICUs. No studies on the 
timing of EN in children admitted to the PICU for acute 
pancreatitis are available. Guidelines issued in 2020 in the 
US for children admitted to general wards for acute pan-
creatitis include an expert opinion that early EN be given, 
in the absence of supporting evidence [289]. Early EN for 
acute pancreatitis is not widely used in French PICUs 
[288]. In a retrospective study, from the US, found that 
48% of patients received EN, with a mean time to initia-
tion of 2.3 days [290]. In a retrospective study of children 
admitted to wards for acute pancreatitis, early EN was 
associated with fewer PICU admissions, shorter LOS, 
and fewer progressions to severe acute pancreatitis [291]. 
Given the absence of studies on patients admitted to the 
PICU and of physiological considerations or clinical data 
of concern about this strategy, extrapolating recommen-
dations for critically ill adults with acute pancreatitis to 
children seems reasonable.

Patients receiving noninvasive ventilation or high-flow 
nasal oxygen therapy

Pediatric R23.1: Oral or enteral feeding should prob-
ably be given to children with bronchiolitis admitted to 
the PICU due to a need for noninvasive ventilation (NIV) 
or high-flow nasal oxygen (HFNO).

Grade 2+, strong agreement
Pediatric R23.2: The experts suggest that oral or 

enteral feeding can be given to children admitted to 
the PICU for noninvasive ventilation or high-flow nasal 
oxygen.

Expert opinion, strong agreement
In Europe, intravenous hydration is variably used in 

patients with mild bronchiolitis. In a 2022 survey, 54% 
of physicians reported rarely or never using intravenous 
hydration [292]. A European multicenter retrospective 
cohort study reported that 77.8% of children receiving 
NIV were given nasogastric EN [293]. The frequency 
of gastrointestinal complications ranged from 4.78% to 
20.0%, with emesis in 16.6% and pulmonary aspiration 
in 1.5% of the patients. Retrospective studies of children 
treated with HFNO provided conflicting data [294–
298]. Importantly, these studies did not demonstrate 
an increased risk of aspiration or pneumonia in fed vs. 
fasted children. However, high-quality evidence on the 
specific impact of nutrition in children treated with NIV 
or HFNO in the PICU is currently lacking.

After ICU discharge
Pediatric R24: Experts suggest integrating nutritional 

assessments in the post-PICU follow-up program and 
considering catch-up growth while setting nutritional 
goals.

Expert opinion, strong agreement
Over the past three decades, advances in PICU man-

agement have substantially improved survival and other 
outcomes. The treatment goal is no longer only to ensure 
survival but also to provide a good health-related qual-
ity of life. In a single-center study, the body-mass-index 
(BMI) Z-score decreased by > 1SD and > 0.5 SD in 10.2% 
and 27.8% of PICU patients, respectively [299]. After 
PICU discharge, most patients recovered normal BMI 
Z-scores within 3  months [130]. Research has estab-
lished a link between growth and improved long-term 
outcomes. A 2014 multicenter cohort study evaluated a 
home monitoring program applied between two surgical 
stages in patients with hypoplastic left heart syndrome 
[300]. The program included daily recordings of weight 
and intakes and was associated with improvements in 
both mortality and quality of life.
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