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ABSTRACT

Background: Critically ill patients experience metabolic alterations that promote muscle atrophy and protein catabo-
lism, increasing morbidity and mortality. While adequate protein provision is essential, the optimal timing remains
controversial. Guidelines recommend higher protein targets, but evidence from randomized controlled trials is lim-
ited and inconsistent.

Aim: To evaluate the effects of early versus late protein supplementation on mortality, complications, and clinical
outcomes in critically ill patients.

Methods: A systematic review and meta-analysis were conducted using PubMed, Embase, Cochrane Library, and
Google Scholar (January 2010-December 2022). Studies comparing early and late protein administration in adult ICU
patients were included. Primary outcomes were mortality, infectious complications, overall complications, pneumo-
nia, ICU/hospital length of stay, and mechanical ventilation duration.

Results: Thirteen studies (8 RCTs, 3 retrospective, 2 prospective cohorts) involving 10,672 patients were analyzed.
Mortality (RR = 0.87, 95% Cl: 0.74-1.04, p = 0.11; 1? = 36%), overall complications (RR = 0.87, 95% Cl: 0.74-1.02, p =
0.08; 12 = 26%), infectious complications (RR = 0.86, 95% Cl: 0.58-1.27, p = 0.37; 12 = 65%), and pneumonia (RR = 0.78,
95% Cl: 0.41-1.48, p = 0.34; 1> = 0%) showed no significant differences between early protein (EP) and late protein
(LP) groups. EP significantly reduced ICU length of stay (MD = —0.28 days, 95% Cl: =0.33 to —0.23, p < 0.00001; I> =
99%) and mechanical ventilation duration (MD = —0.66 days, 95% Cl: —0.90 to —0.41, p < 0.00001; 1> = 85%), but was
associated with a longer hospital stay (MD = 0.47 days, 95% Cl: 0.31-0.63, p < 0.00001; I> = 98%).

Conclusion: Early protein supplementation does not significantly affect mortality or major complications but may
shorten ICU stay and ventilation duration. High heterogeneity for some outcomes warrants cautious interpretation.
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HINTRODUCTION

Patients in critical condition experience metabolic
alterations that can have detrimental effects, such as
skeletal muscle atrophy and protein catabolism, ul-
timately leading to increased morbidity and mortal-
ity rates [1-3]. Survivors may suffer from low muscle
mass and persistent weakness [4]. It is well established
that timely and adequate protein provision is crucial in
the care of critically ill patients [5-8], which has led to
the development of current guidelines advocating for
higher protein targets than the previously suggested 1.2
g/kg/d [9]. However, the conclusion regarding the op-
timal protein dosage remains weak due to the limited
data from randomized controlled trials. Some studies
have shown positive outcomes at doses exceeding the
generally recommended range of 1.2-1.5 g/kg/d [10-
11]. In the context of acute kidney injury, several stud-
ies [12-13], though not all [14], have demonstrated ef-
ficacy; thus, some experts recommend 2-2.5 g/kg/d in
specific patient populations [15]. Nonetheless, uncer-
tainty persists as a recent randomized controlled trial
did not confirm this beneficial effect [16].

The optimal timing of protein administration for
critically ill patients is a crucial aspect of nutritional
prescriptions. Early protein administration in critically
ill patients begins within 24-48 hours of intensive care
unit (ICU) admission to prevent muscle loss and im-
prove recovery, while late administration occurs after
72 hours and may lead to worse outcomes. Standard
protein administration, initiated between 24-72 hours,
follows clinical guidelines to optimize nutrition and
patient recovery. However, current guidelines do not
directly address this issue, and the available data are in-
conclusive [9,17]. Casaer et al. suggested in a post hoc
analysis that early (day 3) protein supplementation was
detrimental to ICU patients’ mortality [18]. It has been
proposed to use indirect calorimetry to accurately as-
sess energy requirements when early enteral nutrition
is feasible, though it remains unclear if and for whom
trophic or hypocaloric goals should be chosen [19]. In
this context, targeting lower energy needs complicates
the provision of an adequate protein amount. Further
research on the optimal timing of protein adminis-
tration has been called for [20]. To contribute to the
existing body of evidence, we conducted a systematic
review and meta-analysis of critically ill patients, ex-
plicitly examining outcomes in relation to the timing
of protein delivery.

Available online at: www.jccm.ro

B METHODS

Search strategy and eligibility criteria

To identify all relevant studies examining the use of
early versus delayed protein administration in critically
ill patients, a comprehensive search strategy was em-
ployed. Four databases— PubMed, Embase, Cochrane
Library, and Google Scholar—were searched, supple-
mented by hand-searching guidelines, systematic re-
views, and reference lists of previous studies. A thor-
ough search strategy was developed using terms such
as “early protein,” “delayed protein,” “standard care,’

overall complica-

“mortality rates,” “infection rates,”
tions,” “length of hospital and ICU stay,” “pneumonia,”
“critically ill adults,” and “mechanical ventilation.” Con-
trolled vocabulary techniques, such as Medical Subject
Headings (MeSH), were also utilized.

The search focused on English-language articles
published between January 2010 and December 2022.
The review included clinical trials and prospective and
retrospective cohort studies involving patients aged
18 years or older, admitted to an ICU or postoperative
unit, who received either early or late protein admin-
istration or standard care. The review did not consider
the number of calories or protein intake.

The early protein (EP) group served as the experi-
mental group, while the late protein (LP) or standard
care groups served as the control groups. Data were
collected on the following outcomes: length of hospital
and ICU stay, days on mechanical ventilation, mortali-
ty rate, infectious complications, overall complications,
and pneumonia. All statistics included in the review
were derived from the articles identified in the search.

Selection of studies and data extraction

Five reviewers independently screened the abstracts
and titles to identify potentially relevant studies. These
reviewers then retrieved and evaluated the full texts
of all studies that met the inclusion criteria. The level
of agreement between the two reviewers on the inclu-
sion of studies was assessed, and any disagreements
were resolved through discussion and consensus with
a third reviewer. The process of identifying and se-
lecting relevant articles is depicted using a PRISMA
(Preferred Reporting Items for Systematic Review and
Meta-Analysis) flow chart (Figure 1). This analysis in-
cluded eight randomized controlled trials (RCTs) [21-
28], three retrospective [29-31] and two prospective
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Fig. 1. PRISMA flow diagram of search strategy and selection of studies.

[32-33] cohort studies with a total of 10672 patients.
Seven authors independently extracted data from the
selected studies, including relevant outcomes and key
characteristics.

Assessment of risk of bias in the included studies

Two authors independently assessed the risk of bias in
the included studies using the Cochrane ‘Risk of Bias’
tool [34]. They rated the risk of bias in each domain
as low, high, or unclear, resolving any disagreements
through discussion, with a third author consulted as
necessary. None of the eight included RCTs showed ev-
idence of selection bias (random sequence generation),
attrition bias, reporting bias, or other biases [21-28].
However, three trials [23, 26-27] exhibited an unclear
risk of bias in the area of performance bias. Two tri-
als [24,28] showed unclear attrition bias, and one trial
[25] showed unclear detection bias. Four studies were
identified as having a high risk of bias, with two [21-22]

showing a high risk of detection and performance bias.
Two studies [24,26] were highly likely to have selection
bias due to allocation concealment. Figure 2 provides a
graphical summary of the ‘Risk of Bias” assessments for
all included RCTs.

The Newcastle-Ottawa quality assessment scale
(NOS) for observational studies [29-30,33] was used
to assess the quality of the study in accordance with
Cochrane criteria [35]. Three domains made up this
scale: result, comparability, and selection. Studies that
satisfied the expectations outlined by the scale meas-
ures were awarded stars; studies that obtained one or
no stars, or stars in multiple categories, were rated as
“poor” or “good.” There were no significant departures
from this scale. Evaluation criteria were especially de-
signed to align with our population, intervention, com-
parison, outcome, and study design (PICOS) (Table 1).

The review was conducted in accordance with PRIS-
MA guidelines [36].
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Fig. 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included study

Statistical analysis

For the statistical analysis, only the complications that
were mentioned in each of the chosen studies were in-
cluded. Since length of hospital and ICU stay, days on
mechanical ventilation, mortality rate, infectious com-
plications, overall complications, and pneumonia, are

the most frequently reported and clinically significant
complications associated with ICU patients, these rates
were used as outcome measures in this meta-analysis.
Forest plots were used to display the pooled estimates of
the timings of protein administration related problems,
and comparisons between early protein and late protein

Table 1. Quality assessment of selected studies using Newcastle-Ottawa Scale (NoS)

Selection Com?tarabll- Outcome of interest
ﬁ y - oVera"
CPresenta-  qelection of Ascertain- utcome Compa- Assess- Adequacy Quality
tiveness of present o Length of
rability of ment of of follow- of study
the exposed at start of follow-up
cohorts outcome
cohort study
Vicic % % % * *
[2013] Poor
[2017] Good
Bendavid " * o " " "
[2019] Good
Koekkoek « * . " " "
(2019 Good
Sim [2021] * * ok * * * Good
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or standard care were carried out. Using the I? and Chi?
tests, the heterogeneity among articles was evaluated.
When there was evidence of possible heterogeneity (12 >
50% or p value < 0.1 in the Chi? test), the random effects
model was applied. Statistical program R (version: 4.3.0)
with Rstudio (version: 2023.03.1+446) was used to ana-
lyze the data. The meta-analyses were prepared using the
meta and meta for programs. P value < 0.05 was used to
determine statistical significance in two-sided data.

B RESULTS

A total of 1021 potentially relevant articles were
searched from PubMed, Cochrane Library, EMBASE,
and Google Scholar databases. The searching and
screening of eligible studies is summarized in a PRIS-
MA flow diagram in Figure 1. A total of 10672 patients
were enrolled in the 13 studies with 5503 patients in
the experimental group or EP group and 5169 in the
control group or the LP group.

Study Characteristics

The investigations incorporated in the analysis were
published from 2011 to 2022. The diagnostic catego-
ries included mixed [21-22,29-30,33], cancer surgery
[25-26,28], acute pancreatitis [23-24] , heart dysfunc-
tion [27], stomach infection [31], and burns [32]. The
time intervals for measuring protein provision ranged
from 4 hours to at least 8 days after admission to the
ICU. Enteral nutrition was included in four investiga-
tions [23,25,27,33], whereas parenteral nutrition was
included in four other studies [21-22,28,31]. Two stud-
ies incorporated a blend of enteral and parenteral feed-
ing [29-30]. Two studies administered enteral nutrition
to the experimental group and oral nutrition to the
control group [24,32]. A single research administered
exclusively oral nourishment to both groups [26]. The
characteristics of the studies that were included are dis-
played in Table 2.

Mortality outcomes of early versus late protein
intervention

Mortality was reported in 10 of 13 studies, compris-
ing 5,176 patients in the EP group and 4,844 in the LP
group. The crude incidence of death was 21.0% in the
EP group versus 23.3% in the LP group. The pooled
analysis showed a non-statistically significant reduc-
tion in mortality with early protein supplementation
(RR = 0.87, 95% CI: 0.74-1.04, p = 0.11). Between-
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study heterogeneity was low-moderate (Tau® = 0.01;
Chi* =17.67,df = 9, p = 0.04; I” = 36%) (Figure 3).

Influence of early and late protein on infectious
complications

The effect of nutritional intervention timing on infec-
tious complications was investigated in 7 studies with
2,826 patients in the EP group and 2,821 in the LP
group. The EP group reported infectious complications
in 1,475 patients (52.2%) compared to 1,268 patients
(44.9%) in the LP group. The pooled analysis showed a
lower, but not statistically significant, risk of infectious
complications with early protein supplementation (RR
=0.86, 95% CI: 0.58-1.27, p = 0.37; I* = 65%) (Figure
4).

Impact of early and late protein on overall complica-
tions

Six out of 13 studies reported overall complications,
involving 3,209 patients in the EP group and 2,797 in
the LP group. The EP group had 692 events (21.5%),
while the LP group had 638 events (22.8%). The pooled
analysis suggested a non-significant reduction in over-
all complications with early protein supplementation
(RR=0.87,95% CI: 0.74-1.02, p = 0.08; I* = 26%), with
low heterogeneity (Chi’ = 5.04, p = 0.41) (Figure 5).

Pneumonia associated with timings of protein inter-
vention

Five studies, involving 484 patients in the EP group and
358 in the LP group, reported pneumonia. The pooled
analysis showed no statistically significant difference
between groups (RR = 0.78, 95% CI: 0.41-1.48, p =
0.34), with no evidence of heterogeneity (I> = 0%; Chi’
=4.28,p =0.37) (Figure 6).

ICU length of stay (ICU LOS) associated with timing
of protein support

Five studies, involving 3,697 patients in the EP group
and 3,267 in the LP group, reported ICU length of stay.
The pooled analysis showed that early protein supple-
mentation significantly reduced ICU LOS by a mean
of 0.28 days (MD = -0.28, 95% CI: -0.33 to -0.23, p <
0.00001). Heterogeneity was very high (I* = 99%; Chi’
=479.01, p < 0.00001) (Figure 7).

Hospital length of stay (H LOS) associated with tim-
ing of protein intervention

Six studies, involving 4,069 patients in the EP group and
3,420 in the LP group, reported hospital length of stay.
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Fig. 3. Forest plot for mortality

The pooled analysis indicated that early protein sup-  Comparison of number of days on mechanical venti-
plementation was associated with a significantly longer ~ lation (MV) between the two groups
hospital stay (MD = 0.47 days, 95% CI: 0.31-0.63, p <
0.00001). Heterogeneity was extremely high (I* = 98%;
Chi? = 208.60, p < 0.00001) (Figure 8).

Five studies, involving 1,722 patients in the EP group
and 1,056 in the LP group, reported duration of me-
chanical ventilation. The pooled analysis showed a sig-
nificant reduction in ventilation days with early protein

Fig. 4. Forest plot for infectious complications
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Fig. 5. Forest plot for overall complications

Fig. 6. Forest plot for pneumonia

Fig. 7. Forest plot for ICU length of stay
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Fig. 8. Forest plot for hospital length of stay

supplementation (MD = -0.66 days, 95% CI: -0.90 to
-0.41, p < 0.00001). Substantial heterogeneity was pre-
sent (I* = 85%; Chi® = 26.97, p < 0.0001) (Figure 9).

E DISCUSSION

Enteral or parenteral feedings serve as the primary
nutritional source for ICU patients on MV. Numerous
studies have investigated nutrition in ICU patients, ex-
ploring aspects such as the type, timing, and specific
nutrients, with a particular emphasis on protein. The
literature presents conflicting results on the effects of
early protein supplementation versus late protein sup-
plementation (or usual care) in critically ill patients,
specifically concerning variables such as mortality,
overall complications, infectious complications, ICU
stay, overall hospital stay, and duration of MV. To ad-
dress this issue, we conducted a systematic review and
meta-analysis of 13 studies, including 8 randomized
controlled trials, 3 retrospective cohort studies, and 2
prospective cohort studies.

Available online at: www.jccm.ro

To our knowledge, this meta-analysis on the impact
of protein delivery timing in critically ill patients is the
largest conducted to date, including 10,672 patients.
Our meta-analysis revealed several key findings. Al-
though mortality was numerically lower in the early
protein groups, the pooled estimate did not reach sta-
tistical significance and there was low-moderate heter-
ogeneity across studies (I” = 36%). Similarly, although
the EP groups had a lower rate of infectious compli-
cations, the difference was not statistically significant.
There were no significant differences between the EP
and LP groups concerning overall complications (infec-
tious complications, gastrointestinal issues, metabolic
disturbances, organ dysfunction, and prolonged ICU
stay) and pneumonia occurrence. Early protein supple-
mentation was associated with statistically significant
reductions in ICU length of stay and mechanical venti-
lation duration, as well as a modest increase in hospital
length of stay. However, the substantial heterogeneity
for these outcomes (I* = 99% for ICU LOS, I* = 98% for
hospital LOS, and I? = 85% for ventilation duration)
indicates that these findings should be interpreted with

Fig. 9. Forest plot for number of days on mechanical ventilation
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caution, as differences in study populations, interven-
tion protocols, and clinical practices may have influ-
enced the pooled estimates.

In comparison to low and high late protein sup-
plementation, Bendavid et al. found that early protein
supplementation in mixed ICU patients was associated
with a significantly improved survival rate (HR 0.83,
95% CI 0.71-0.97, p = 0.017) [29]. Similarly, a prospec-
tive analysis by Weijs et al. [15] in 2012 involving 843
critically ill mixed patients demonstrated that early
protein supplementation enhanced patient survival.
Additionally, an observational study by Song et al. [33]
indicated that patients who achieved over 90% of their
protein target within the first week had a higher likeli-
hood of survival, regardless of whether energy targets
were met.

Doig et al. reported no impact on mortality when
patients received more energy and protein in the EP
group; however, there was improved weaning from
mechanical ventilation and reduced muscle mass loss
[22]. Koekkoek et al. and Yeh et al., in their retro-
spective studies, observed that early high protein in-
take (within 3-5 days) was linked to worse outcomes
[30,37]. Similarly, Allingstrup et al. found no benefi-
cial effect of early protein supplementation [16]. In a
post hoc analysis, Casaer et al. suggested that early ad-
ministration of protein (by day 3) was detrimental to
ICU patients concerning mortality [21]. Koekkoek et
al. discovered a time-dependent relationship between
protein intake and mortality [30]. Specifically, low pro-
tein intake (<0.8 g/kg/day) before day 3 and high pro-
tein intake (>0.8 g/kg/day) after day 3 were associated
with lower 6-month mortality (adjusted HR 0.609; 95%
CI 0.480-0.772, p < 0.001) compared to patients with
consistently high protein intake. The lowest 6-month
mortality occurred when protein intake increased from
<0.8 g/kg/day on days 1-2 to 0.8-1.2 g/kg/day on days
3-5, and then to >1.2 g/kg/day after day 5. Addition-
ally, consistently low protein intake was linked to the
highest ICU, in-hospital, and 6-month mortality. The
study found no significant differences in ICU length of
stay, need for renal replacement therapy, or ventilation
duration. It is important to note that in the studies in-
cluded in this meta-analysis, protein intake in the EP
group ranged from 0.4 g/kg/day to over 2.2 g/kg/day,
whereas in the LP group, it varied between 0.4 and 1.67
g/kg/day as part of standard care. The wide variation in
protein intake across studies may have influenced the
results, as higher protein doses could have improved
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muscle preservation and recovery, whereas lower doses
may have limited the potential benefits of early supple-
mentation.

Furthermore, Casaer et al. found that early par-
enteral nutrition was associated with more frequent
infections, longer periods of ventilation and renal re-
placement therapy, increased cholestasis, and higher
hospital costs. Similarly, another RCT involving pediat-
ric population (PEPaNIC )—reported significant harm
from early supplementation of inadequate or contrain-
dicated enteral nutrition with parenteral nutrition [38].
Specifically, providing early supplemental parenteral
nutrition extended ICU dependency, increased reli-
ance on vital organ support, and raised the incidence of
new infections compared to withholding supplemental
parenteral nutrition until one week after ICU admis-
sion. Among adults, early supplemental parenteral nu-
trition further increased the incidence of ICU-acquired
weakness and hindered recovery [39]. Theoretically,
the harm caused by early supplemental parenteral nu-
trition could be due to the increased nutritional dose or
the inferior feeding route. However, two large RCTs in
adults—the CALORIES (N = 2400) and Nutrirea-2 (N
=2410) trials—showed no harm from parenteral nutri-
tion when provided in isocaloric doses comparable to
enteral nutrition in the early nutritional support [40-
41], suggesting that the harm observed in the EPaNIC
and PEPaNIC RCTs is likely due to the higher early nu-
tritional dose rather than the intravenous route.

One explanation for better results with enteral nutri-
tion may be attributed to it being more physiologically
aligned with gut function, may help maintain gut integ-
rity and reduce the risk of infections, whereas parenter-
al nutrition, though useful when enteral feeding is not
feasible, has been associated with a higher risk of meta-
bolic complications and infections due to factors such
as bypassing the gut barrier, increasing susceptibility
to bacterial translocation, the risk of catheter-related
bloodstream infections, metabolic imbalances like hy-
perglycemia and electrolyte disturbances, and reduced
stimulation of gut-associated immune defenses.

Strengths and limitations of the study

We considered a diverse range of variables when com-
paring EP and LP groups, including higher number of
patients compared to previous reviews [42-43]. Ad-
ditionally, Ruijvan et al. did not specify a timeframe in
which the amount of protein had to be administered.
thereby enhancing the power of our analysis. Our study
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included eight RCTs, three retrospective, and two pro-
spective cohort studies, encompassing a total of 10,672
patients. The heterogeneity of the various studies in-
cluded in the meta-analysis, across subgroups of mor-
tality, infectious complications, overall complications,
pneumonia, and length of MV, falls within an accept-
able range.

The limitations of this meta-analysis encompass sev-
eral key factors that were not taken into consideration
in the studies included. Although we are aware that dis-
ease severity and energy provision significantly impact
patient outcomes, our meta-analyses were not correct-
ed for these aspects. Unsurprisingly, most studies found
that the group with a high protein intake also received
more energy, which could result in an underestimating
of the positive impact of high protein intake. In addi-
tion, this review encompasses investigations, some of
which were not specifically meant to investigate certain
protein provision categories. Furthermore, we did not
consider whether studies made adjustments for protein
intake in patients with a body mass index (BMI) of 27.5
or higher. Although the trials did not provide adequate
subgroups for subgroup analysis, it is important to con-
sider this because prior research has demonstrated that
a universal approach is not appropriate. The ideal pro-
tein provision may vary across different patient groups.

Heterogeneity Considerations

Several outcomes in our meta-analysis, particularly
ICU length of stay (I = 99%) and hospital length of
stay (I* = 98%), demonstrated extremely high hetero-
geneity. This variability is likely multifactorial. First,
the included studies differed in patient populations,
ranging from medical ICU patients to postoperative
surgical ICU cohorts, each with distinct baseline risks
and recovery trajectories. Second, definitions and tim-
ing of “early” and “late” protein supplementation varied
across trials, with protein doses ranging from subop-
timal (<1.0 g/kg/day) to near-target levels (>1.5 g/kg/
day), which could influence the physiological impact
on outcomes. Third, differences in concomitant nutri-
tion strategies, such as total caloric delivery and use of
parenteral nutrition, may have contributed to the ob-
served heterogeneity.

Additionally, non-clinical factors such as institu-
tional discharge policies, ICU bed availability, and lo-
cal weaning practices for mechanical ventilation could
have affected length-of-stay metrics. The presence of
both randomized controlled trials and observational
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studies in the pooled analysis further adds methodo-
logical variability. Given these factors, results for out-
comes with I> > 90% should be interpreted with cau-
tion, and future trials should aim for standardized
definitions, dosing protocols, and patient selection cri-
teria to improve comparability.

B CONCLUSION

In this systematic review and meta-analysis, we includ-
ed 13 studies to evaluate different variables in a variety
of patient groups, with a total of 10883 patients. Early
protein supplementation in critically ill ICU patients
did not demonstrate a statistically significant advan-
tage over late protein supplementation or standard care
in terms of mortality, infectious complications, overall
complications, or pneumonia. However, the early pro-
tein groups did show a statistically significant reduc-
tion in ICU LOS and MV duration compared to other
groups. The lack of clear benefit from early protein
supplementation across various subgroups, including
mortality, is attributed to factors such as suppressed
autophagy, reduced ketogenesis, and feeding-resistant
catabolism.

Despite a decade of RCTs, the optimal timing and
dosage of protein supplements remain uncertain. Be-
fore recommending such feeding strategies in clinical
practice, large-scale RCTs are necessary. These trials
should incorporate feeding protocols that preserve
beneficial fasting mechanisms like autophagy and ke-
togenesis without inducing starvation, tailored to dif-
ferent clinical endpoints and patient subgroups. The
inclusion of indirect calorimetry and biomarkers will
enhance the individualization of feeding strategies for
critically ill patients.

B AUTHOR CONTRIBUTIONS

Sharma PK and Arora S conceptualized and designed
the study; Bhavsar T, Kamboj M, Kamboj R, Gupta V,
Ramamurthi AS, Uthayakumar K, Singh A participated
in study collection and analysis of the data; Chaudhary
SM and Das A statistically analyzed the data; Bajrami
A and Singh S performed the bioinformatics analy-
sis, interpretation of the data and drafting the article;
Tripathi D, Singh A, Arora S, and Bhavsar revised the
manuscript’s language and critically assessed the intel-
lectual content; All authors approved the final version
of the article to be published.



Available online at: www.jccm.ro

B CONFLICT OF INTEREST

None to declare.

B FUNDING

No funds were received from any sources to conduct
this research.

B REFERENCES

1.

10.

Preiser JC, Ichai C, Orban JC, Groeneveld ABJ. Metabolic
response to the stress of critical illness. Br J Anaesth.
2014;113(6):945-954. doi:10.1093/bja/aeul87

Klaude M, Fredriksson K, Tjader |, et al. Proteasome proteolytic
activity in skeletal muscle is increased in patients with sepsis.
Clin Sci Lond Engl 1979. 2007;112(9):499-506. doi:10.1042/
CS20060265

Deem S. Intensive-care-unit-acquired muscle weakness. Respir
Care. 2006;51(9):1042-1052; discussion 1052-1053.

Kress JP, Hall JB. ICU-acquired weakness and recovery from
critical illness. N Engl J Med. 2014;370(17):1626-1635.
doi:10.1056/NEJMra1209390

Caparrds T, Lopez J, Grau T. Early enteral nutrition in critically
ill patients with a high-protein diet enriched with arginine,
fiber, and antioxidants compared with a standard high-protein
diet. The effect on nosocomial infections and outcome. JPEN
J Parenter Enteral Nutr. 2001;25(6):299-308; discussion 308-
309. doi:10.1177/0148607101025006299

Allingstrup MJ, Esmailzadeh N, Wilkens Knudsen A, et al.
Provision of protein and energy in relation to measured
requirements in intensive care patients. Clin Nutr Edinb Scotl.
2012;31(4):462-468. doi:10.1016/j.cInu.2011.12.006

Weijs PJM, Stapel SN, de Groot SDW, et al. Optimal protein
and energy nutrition decreases mortality in mechanically
ventilated, critically ill patients: a prospective observational
cohort study. JPEN J Parenter Enteral Nutr. 2012;36(1):60-68.
doi:10.1177/0148607111415109

Nicolo M, Heyland DK, Chittams J, Sammarco T, Compher C.
Clinical Outcomes Related to Protein Delivery in a Critically
lll Population: A Multicenter, Multinational Observation
Study. JPEN J Parenter Enteral Nutr. 2016;40(1):45-51.
doi:10.1177/0148607115583675

McClave SA, Taylor BE, Martindale RG, et al. 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.). JPEN J Parenter Enteral Nutr.
2016;40(2):159-211. doi:10.1177/0148607115621863

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(6):795-805. doi:10.1177/0148607115618449

11.

12.

13.

14.

15.

16

17.

18.

19.

20.

21.

22.

23.

The Journal of Critical Care Medicine 2025;11(4) « 13

Rugeles S, Villarraga-Angulo LG, Ariza-Gutiérrez A, Chaverra-
Kornerup S, Lasalvia P, Rosselli D. High-protein hypocaloric
vs normocaloric enteral nutrition in critically ill patients:
A randomized clinical trial. J Crit Care. 2016;35:110-114.
doi:10.1016/].jcrc.2016.05.004

Singer P. High-dose amino acid infusion preserves diuresis and
improves nitrogen balance in non-oliguric acute renal failure.
Wien Klin Wochenschr. 2007;119(7-8):218-222. doi:10.1007/
s00508-007-0794-3

Scheinkestel CD, Kar L, Marshall K, et al. Prospective randomized
trial to assess caloric and protein needs of critically Ill, anuric,
ventilated patients requiring continuous renal replacement
therapy. Nutr Burbank Los Angel Cty Calif. 2003;19(11-12):909-
916. doi:10.1016/s0899-9007(03)00175-8

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(7):1197-1208.
doi:10.1007/s00134-015-3827-9

Weijs PJM, Dickerson RN, Heyland DK, Moore FA, Rugeles SJ,
McClave SA. Experimental and Outcome-Based Approaches to
Protein Requirements in the Intensive Care Unit. Nutr Clin Pract
Off Publ Am Soc Parenter Enter Nutr. 2017;32(1_suppl):77S-
85S. doi:10.1177/0884533617692774

. 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(11):1637-
1647. doi:10.1007/s00134-017-4880-3

Rhodes A, Evans LE, Alhazzani W, et al. Surviving Sepsis
Campaign: International Guidelines for Management of Sepsis
and Septic Shock: 2016. Crit Care Med. 2017;45(3):486-552.
doi:10.1097/CCM.0000000000002255

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(3):247-255. doi:10.1164/
rccm.201206-09990C

Lee ZY, Barakatun-Nisak MY, Noor Airini |, Heyland DK. Enhanced
Protein-Energy Provision via the Enteral Route in Critically IlI
Patients (PEP uP Protocol): A Review of Evidence. Nutr Clin
Pract Off Publ Am Soc Parenter Enter Nutr. 2016;31(1):68-79.
doi:10.1177/0884533615601638

Plank LD. Protein for the critically ill patient--what and when?
Eur J Clin Nutr. 2013;67(5):565-568. doi:10.1038/ejcn.2013.34

Casaer MP, Mesotten D, Hermans G, et al. Early versus Late
Parenteral Nutrition in Critically Ill Adults. N Engl J Med.
2011;365(6):506-517. doi:10.1056/NEJM0al1102662

Doig G, Simpson F. Early parenteral nutrition in critically ill
patients with short-term relative contraindications to early
enteral nutrition: a full economic analysis of a multicenter
randomized controlled trial based on US costs. Clin Outcomes
Res. Published online July 2013:369. doi:10.2147/CEOR.S548821

Sun JK. Effects of early enteral nutrition on immune function



14 .

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

The Journal of Critical Care Medicine 2025;11(4)

of severe acute pancreatitis patients. World J Gastroenterol.
2013;19(6):917. doi:10.3748/wjg.v19.i6.917

Bakker Olaf J., van Brunschot Sandra, van Santvoort Hjalmar
C., et al. Early versus On-Demand Nasoenteric Tube Feeding
in Acute Pancreatitis. N Engl J Med. 2014;371(21):1983-1993.
doi:10.1056/NEJMo0a1404393

Li B, Liu HY, Guo SH, Sun P, Gong FM, Jia BQ. Impact of early
postoperative enteral nutrition on clinical outcomes in patients
with gastric cancer. Genet Mol Res. 2015;14(2):7136-7141.
doi:10.4238/2015.June.29.7

Mahmoodzadeh H, Shoar S, Sirati F, Khorgami Z. Early initiation
of oral feeding following upper gastrointestinal tumor surgery:
a randomized controlled trial. Surg Today. 2015;45(2):203-208.
doi:10.1007/s00595-014-0937-x

Ortiz-Reyes L, Patel JJ, Jiang X, et al. Early versus delayed enteral
nutrition in mechanically ventilated patients with circulatory
shock: a nested cohort analysis of an international multicenter,
pragmatic clinical trial. Crit Care. 2022;26:173. doi:10.1186/
$13054-022-04047-4

Gao X, Liu Y, Zhang L, et al. Effect of Early vs Late Supplemental
Parenteral Nutrition in Patients Undergoing Abdominal Surgery:
A Randomized Clinical Trial. JAMA Surg. 2022;157(5):384.
doi:10.1001/jamasurg.2022.0269

Bendavid |, Zusman O, Kagan |, Theilla M, Cohen J, Singer P. Early
Administration of Protein in Critically Ill Patients: A Retrospective
Cohort  Study. Nutrients. 2019;11(1):106. doi:10.3390/
nul1010106

Koekkoek WAC (Kristine), Setten CH (Coralien) van, Olthof LE,
Kars JCN (Hans), Zanten ARH van. Timing of PROTein INtake and
clinical outcomes of adult critically ill patients on prolonged
mechanical VENTilation: The PROTINVENT retrospective study.
Clin Nutr. 2019;38(2):883-890. doi:10.1016/j.cInu.2018.02.012

Sim J, Hong J, Na EM, Doo S, Jung YT. Early supplemental
parenteral nutrition is associated with reduced mortality in
critically ill surgical patients with high nutritional risk. Clin Nutr.
2021;40(12):5678-5683. doi:10.1016/j.clnu.2021.10.008

Vicic VK, Radman M, Kovacic V. Early initiation of enteral
nutrition improves outcomes in burn disease.

Song JH, Lee HS, Kim SY, et al. The influence of protein provision
in the early phase of intensive care on clinical outcomes for

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Available online at: www.jccm.ro

critically ill patients on mechanical ventilation. Asia Pac J Clin
Nutr. 2017;26(2):234-240. doi:10.6133/apjcn.032016.01

Cochrane Handbook for Systematic Reviews of Interventions.
Accessed June 27, 2024. https://handbook-5-1.cochrane.org/

Ottawa Hospital Research Institute. Accessed June 27, 2024.
https://www.ohri.ca/programs/clinical_epidemiology/oxford.
asp

PRISMA statement. PRISMA statement. Accessed June 27, 2024.
https://www.prisma-statement.org

Adequate Nutrition May Get You Home- Yeh- 2016- Journal of
Parenteral and Enteral Nutrition- Wiley Online Library. Accessed
June 27, 2024. https://aspenjournals.onlinelibrary.wiley.com/
doi/10.1177/0148607115585142

Fivez T, Kerklaan D, Mesotten D, et al. Early versus Late
Parenteral Nutrition in Critically Il Children. N Engl J Med.
2016;374(12):1111-1122. doi:10.1056/NEJM0al514762

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(8):621-629. doi:10.1016/52213-
2600(13)70183-8

Harvey Sheila E., Parrott Francesca, Harrison David A., et al.
Trial of the Route of Early Nutritional Support in Critically Il
Adults. N Engl J Med. 2014;371(18):1673-1684. doi:10.1056/
NEJMo0a1409860

Reignier J, Boisramé-Helms J, Brisard L, et al. Enteral versus
parenteral early nutrition in ventilated adults with shock: a
randomised, controlled, multicentre, open-label, parallel-group
study (NUTRIREA-2). Lancet Lond Engl. 2018;391(10116):133-
143. do0i:10.1016/50140-6736(17)32146-3

Sharma SK, Rani R, Thakur K. Effect of Early Versus Delayed
Parenteral Nutrition on the Health Outcomes of Critically Il
Adults: A Systematic Review. J Crit Care Med. 2021;7(3):160-
169. doi:10.2478/jccm-2021-0011

van Ruijven IM, Abma J, Brunsveld-Reinders AH, et al. High
protein provision of more than 1.2 g/kg improves muscle mass
preservation and mortality in ICU patients: A systematic review
and meta-analyses. Clin Nutr Edinb Scotl. 2023;42(12):2395-
2403. doi:10.1016/j.cInu.2023.09.026



