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Abstract

Background: There is controversy over the optimal early protein delivery in critically ill patients
with acute kidney injury (AKI). This study aims to evaluate whether the association between early
protein delivery and 28-day mortality was impacted by the presence of AKl in critically ill patients.
Methods: This is a post hoc analysis of data from a multicenter cluster-randomised controlled
trial enrolling newly admitted critically ill patients (n=2772). Participants without chronic kidney
disease and with complete data concerning baseline renal function were included in this study. The
primary outcome was 28-day mortality. Cox proportional hazards models were used to analyze the
association between early protein delivery, reflected by mean protein delivery from day 3-5 after
enrollment, 28-day mortality and whether baseline AKI stages interacted with this association.
Results: Overall, 2552 patients were included, among whom 567 (22.2%) had AKI at enrollment
(111 stage |, 87 stage Il, 369 stage lll). Mean early protein delivery was 0.60 + 0.38 g/kg/day among
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the study patients. In the overall study cohort, each 0.1 g/kg/day increase in protein delivery was
associated with a 5% reduction in 28-day mortality[hazard ratio (HR) = 0.95; 95% confidence interval
(Cl) 0.92-0.98, p <0.001]. The association between early protein delivery and 28-day mortality
significantly interacted with baseline AKI stages (adjusted interaction p =0.028). Each 0.1 g/kg/day
increase in early protein delivery was associated with a 4% reduction in 28-day mortality (HR =0.96;
95%Cl 0.92-0.99, p =0.011) among patients without AKI and 9% (HR=0.91; 95%CI 0.84-0.99,
p =0.021) among those with AKI stage Ill. However, such associations cannot be observed among

patients with AKl stages | and II.

Conclusions: Increased early protein delivery (up to close to the guideline recommendation) was
associated with reduced 28-day mortality in critically ill patients without AKI and with AKI stage I,

but not in those with AKI stage | or Il.

Key words: Protein delivery, Mortality, Acute kidney injury, Renal replacement therapy, Critical illness

Highlights

* By analyzing data from a multicenter cluster-randomised controlled trial (n=2772), we provide insights into optimal early

protein delivery in critically ill patients with various AKI stages.

* Overall, in critically ill patients, increased early protein delivery (up to close to the guideline recommendation) was significantly

associated with a reduction in 28-day mortality.

* Early protein delivery and 28-day mortality significantly interacted with baseline AKI stages. Increased early protein delivery
was only associated with reduced 28-day mortality in patients without AKI and with AKI stage III, but not in those with AKI

stage I or II.

* More high-quality evidence is needed to evaluate the role of renal function in protein delivery in critically ill patients.

Background

Severe protein catabolism and massive muscle loss (nearly
2% of skeletal muscle per day on average [1]) are common
during the early phase of critical illness [2,3]. The 2016
Society of Critical Care Medicine (SCCM)/American Soci-
ety for Parenteral and Enteral Nutrition (ASPEN) guide-
lines and the 2018 European Society for Clinical Nutrition
and Metabolism (ESPEN) guidelines recommend initiating
early protein supplementation therapy within 24-48 h and
reaching the target progressively within the acute phase of
critical illness [4,5]. However, current nutrition guidelines
lack specific recommendations for critically ill patients with
acute kidney injury (AKI) [6].

From a physiological viewpoint, protein delivery could
increase renal perfusion [7,8], which in turn improves
glomerular filtration rate and urine output [9]. On the
other hand, increased ureagenesis coupled with impaired
muscle protein synthesis might be a metabolic burden due to
excessive protein breakdown [10,11]. In a recent large trial,
a high-protein strategy was associated with worse outcomes
for patients with AKI in a subgroup analysis [12]. So far,
the optimal early protein delivery strategy in these patients
remains controversial [13-17]. Moreover, specific stages of
AKI may impact the effect of protein delivery on clinical
outcomes, which has been rarely studied in the literature.

To investigate whether baseline AKI stages interact with
the associations between early protein delivery and clini-
cal outcomes in critically ill patients, we performed a post

hoc analysis using data from a large multicenter cluster-
randomized trial.

Methods

Study design and patients

This study is a post hoc analysis of data from the multicenter,
cluster-randomised controlled NEED trial [18]. The NEED
trial assessed the effect of actively implementing an evidence-
based feeding guideline on clinical outcomes in critically ill
patients. A total of 2772 patients from 90 intensive care units
(ICUs) across China were enrolled between 26 March 2018
and 4 July 2019. The trial was approved by the ethics com-
mittee of Jinling Hospital (22017NZKY-019-02) and regis-
tered with the ISRCTN registry (ISRCTN12233792). Data
storage and academic usage of de-identified data after the
trial were covered in the ethical approval. Informed consent
was obtained from the patients or their next of kin before
enrollment.

This post hoc analysis was performed in a subgroup of the
study participants with complete data on 28-day mortality,
baseline renal function and other baseline characteristics.
Patients with chronic kidney disease upon enrollment, accord-
ing to their admission records, were excluded. The complete
eligibility criteria and full details on data collection of the
NEED trial can be found in [18]. This report follows the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guideline for observational
studies [19].
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Protein delivery and AKI

Early protein delivery was reflected by the mean protein
delivery from trial days 3-5 [4]. Protein intake from enteral
nutrition (EN), parenteral nutrition (PN) and/or protein
supplements was included in the calculation of total protein
delivery.

Baseline AKI was defined using Kidney Disease Improving
Global Outcomes (KDIGO) classification: stage I is at least
26-52 umol/l increase in serum creatinine from baseline
within 48 h or 1.5-1.9-times baseline within 7 days; stage II is
2.0-2.9-times baseline within 7 days; and stage IIl is >3 times
baseline within 7 days or increase to at least 353.6 umol/l
with an acute increase of >44.2 yumol/l, or undergoing renal
replacement therapy (RRT) [20]. Since pre-acute illness crea-
tinine values were not recorded in the original trial, the upper
limit of normal (90 umol/l for females and 110 pumol/l for
males) was used as baseline creatinine.

Study outcomes and data collection

The primary outcome was 28-day mortality. All data required
in this post hoc analysis were extracted from the electronic
database of the NEED trial. The baseline characteristics
included age, gender, body mass index (BMI), acute gastroin-
testinal injury (AGI) score [21] and modified nutrition risk
in critically ill (mNUTRIC) score [22], and disease severity
scores, such as acute physiology and chronic health evalu-
ation II (APACHE II) score [23] and sequential organ fail-
ure assessment (SOFA) score [24] at enrollment. Nutrition
therapy variables included time to feed initiation, daily nutri-
tional route, mean total daily protein and energy delivery,
and feeding intolerance incidence. Feeding intolerance was
reflected through three categories of common gastrointestinal
symptoms defined in the feeding intolerance score [25], i.e.
abdominal distension/pain, nausea/vomiting and diarrhea.
Nutrition delivery was collected from days 3-5 upon enroll-
ment or until discharge from the ICU or death, whichever
occurred first.

Statistical analysis

Statistical analyses were performed using R software ver-
sion 4.2.2. After the Shapiro-Wilk test, continuous data
are presented as mean =+ standard deviation (SD) or median
[interquartile range (IQR)] according to their normality. Cat-
egorical data are presented as numbers and percentages.
Differences in baseline and nutritional characteristics among
the four different categories of renal function were compared
using the one-way analysis of variance (ANOVA) or the
Kruskal-Wallis tests for continuous data and the chi-square
test for categorical data. Kaplan—Meier survival curves depict
mortality likelihood up to day 28.

Cox proportional hazards models were used to analyze the
effect of early protein delivery on 28-day mortality. Candidate
covariates with clinical significance were assessed for multi-
correlation analysis, such as group allocation in the NEED
trial, age, gender, BMI, AKI stage, AGI score, APACHE II

score, SOFA score, nMNUTRIC score and mean calorie deliv-
ery between days 3 and S5, and those without significant
correlations were included in the multivariable models. AKI
stage and AGI score were set as ordinal variables, whereas
mNUTRIC and APACHE II scores were set as continuous
variables. For the sensitivity analyses, Cox models were re-
run with the day 3-5 range of mean early protein delivery
extended to day 3-7 and with early protein delivery divided
into three groups by tertiles.

To investigate the associations between protein delivery
and 28-day mortality in patients with different baseline AKI
stages, subgroup analyses were conducted. COX regression
models were performed with the same adjustments as men-
tioned above. The fit of all the Cox models was assessed using
Cox—Snell residuals. The proportional hazards assumption
was tested by plotting Schoenfeld residuals. The trends of
28-day mortality with early protein delivery were modeled as
restricted cubic splines with pre-specified knots [26]. A two-
tailed p-value < 0.05 was considered significant.

Results

Patient population

Overall, 2552 patients were included in the current study
(Figure S1, see online supplementary material). Of the study
patients, 567 (22.2%) had AKI at enrollment (111 in stage
I, 87 in stage II, 369 in stage III). Table 1 describes the
baseline characteristics and clinical outcomes of the overall
study population and each AKI subgroup. In general, most
patients had mild gastrointestinal dysfunction (AGI grade I,
n=1813,71%) with a relatively high nutritional risk (median
mNUTRIC: 5, IQR: 3-6). The overall 28-day mortality was
14.9% (379/2552), and the median ICU-free days at 28 days
was 7 (IQR: 0-17 days).

Nutrition therapy

Data regarding nutrition therapy is shown in Table 2. The
mean time to start nutrition therapy was 1.93 days from
study enrollment. EN accounted for the majority of nutrition
delivery routes (applied in 2138/2552, 83.8% of patients).
There was no significance in prokinetics use among patients
with different grades of renal injury. Overall, between days
3 and 5 after enrollment, the mean protein delivery was
0.60+0.38 g/kg/day and the mean energy delivery was
16.27 £9.45 kcal/kg/day. Feeding intolerance was frequent,
as abdominal distension/pain, nausea/vomiting and diarrhea
were present among 24.2, 3.0 and 12.5% of all patients,
respectively. The daily protein intake from trial days 1-7 is
shown in Figure 1. Patients with AKI generally had a lower
protein intake than those without AKI (p < 0.001).

Associations between protein delivery and 28-day
mortality

According to the multi-correlation analysis, SOFA score,
APACHE I score and energy delivery were removed from
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Table 1. Baseline characteristics and clinical outcomes in the study population

Total Without AKI AKI stage 1 AKI stage IT AKI stage III P value

Number (%) 2552 1985 (77.8) 111 (4.3) 87 (3.4) 369 (14.5)
Age, years 62 [48, 74] 62 [49, 74] 64 [52.5,79] 66 [49.5,77.5] 58 [43,7] <0.001
BMI (kg/m?) 22.86 [20.81,24.57] 22.68 [20.76,24.49] 22.58 [20.76,24.97] 22.04 [20.88,23.48] 23.14 [21.30,25.25] 0.002
Gender (Male, %) 1716 (67.2) 1346 (67.8) 66 (59.5) 55(63.2) 249 (67.5) 0.263
Group (intervention, %) 1268 (49.7) 1023 (51.5) 1(45.9) 0(57.5) 144 (39.0) <0.001
APACHE II score 18 [14, 23] 17 [13,22] 1[16,26] 419.5,28] 22 [16, 28] <0.001
SOFA score 7[5, 10] 715, 9] 0[7,11.5] 0[8,13] 10 (7, 13] <0.001
AGI score (%) <0.001

AGI1 1813 (71.0) 1478 (74.5) 74 (66.7) 57 (65.5) 204 (55.3)

AGITI 505 (19.8) 358 (18.0) 26 (23.4) 23 (26.4) 98 (26.6)

AGI I 171 (6.7) 112 (5.6) 6(5.4) 5(5.7) 48 (13.0)

AGI IV 63 (2.5) 37 (1.9) 5(4.5) 2 (2.3) 19 (5.1)

mNUTRIC score 5103, 6] 403, 6 61[4,7] 61(5,7.5] 61[4,7] <0.001
Admission diagnosis <0.001

Respiratory (%) 705 (27.4) 573 (28.9) 5(31.5) 15 (17.2) 82 (22.2)

Cardiovascular (%) 635 (24.9) 395 (19.9) 6 (42.4) 40 (46.0) 164 (44.4)

CNS (%) 583 (22.8) 515 (25.9) 8(16.2) 10 (11.5) 40 (10.8)

Trauma (%) 320 (12.5) 285 (14.4) 2(10.8) 7 (8.0) 16 (4.3)

Gastrointestinal (%) 96 (3.8) 59 (3.0) 4 (3.6) 3(3.4) 30 (8.1)

Burn (%) 10 (0.4) 8 (0.4) 0 0 2(0.5)

Others (%) 203 (8.0) 150 (7.6) 6(5.4) 12 (13.8 35(9.5)

Post-operation (%) 482 (18.9) 410 (20.7) 15 (13.5) 11 (12.6 46 (12.5) <0.001
Comorbidity

Hypertension (%) 1100 (43.1) 856 (43.1) 7(51.4) 47 (54.0) 140 (37.9) 0.010

Diabetes (%) 445 (17.4) 307 (15.5) 8(25.2) 23 (26.4) 87 (23.6) <0.001

Coronary disease (%) 420 (16.5) 314 (15.8) 8(25.2) 17 (19.5) 61 (16.5) 0.060

Stroke (%) 360 (14.1) 304 (15.3) 7(15.3) 14 (16.1) 25 (6.8) <0.001
Clinical outcomes

28-day mortality (%) 379 (14.9) 277 (14.0) 2 (19.8) 21 (24.1) 59 (16.0) 0.021

28-day ICU-free days 7 [0, 17] 71(0,17) 510,17.5] 010, 13.5] 710,17 0.19
Organ support therapy-free days within the first 10 days after enrollment

RT-free days 10 [10, 10] 10 [10, 10] 10 [10, 10] 10 3.5, 10] 41[0,7)] <0.001

MV-free days 310,7] 010, 6] 010, 6] 310, 6] 310, 10] 0.004

VA-free days 10 [8, 10] 10 [8, 10] 10 [6.5, 10] 10 [8.5, 10] 10 (7, 10] 0.158

Data are presented as n (%) or median [first quartile, third quartile]. BMI Body mass index, APACHE II Acute Physiology and Chronic Health
Evaluation II, SOFA Sequential Organ Failure Assessment, mNUTRIC modified Nutrition Risk in the Critically Ill, AGI acute gastrointestinal injury, CNS
central nervous system, RT renal replacement therapy, MV mechanical ventilation, VA vasoactive agents, AKI acute kidney injury
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Figure 1. Daily protein intake from days 1 to 7 after enrollment. AK/ acute kidney injury

the adjusted models for their correlation with mNU-
TRIC score and protein delivery, respectively (Figure S2,
see online supplementary material). For the overall study
cohort, the hazards of death decreased by 5% (HR=0.95;

D7

Allocation
E5 Without AKI
£ AKistage

£ AKistagell
£ AKistage Il

95%CI 0.92-0.98, p <0.001) with each 0.1 g/kg/day
increase in early protein delivery, adjusted for the fol-
lowing covariates: baseline AKI stage, gender, age, BMI,
mNUTRIC score, AGI score and study group allocation
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Table 2. Nutrition therapy in the study population among four different categories of renal function

Total Without AKI AKI stage I AKI stage II AKI stage 11T P value

Number (%) 2552 1985 (77.8) 111 (4.3) 87 (3.4) 369 (14.5)
Timing of nutrition therapy, day 1.93 (1.35) 1.87 (1.29) 2.01 (1.50) 1.95 (1.24) 2.25(1.58) <0.001
Initiation of EN within 48 h (%) 1478 (57.9) 1222 (61.6) 60 (54.1) 45 (51.7) 151 (40.9) <0.001
Nutrition progress from 3-5 days after enrolment

Length of nutrition support, day 2.60 (0.88) 2.64 (0.84) 2.48 (0.97) 2.59 (0.80) 2.38(1.03) <0.001

EN only (%) 1614 (63.2) 1291 (65.0) 66 (59.5) 53 (60.9) 204 (55.3) 0.003

PN only (%) 228 (8.9) 163 (8.2) 15 (13.5) 9(10.3) 41 (11.1)

EN+PN (%) 524 (20.5) 402 (20.3) 20 (18.0) 21 (24.1) 81 (22.0)

None (%) 186 (7.3) 129 (6.5) 10 (9.0) 4 (4.6) 43 (11.7)

Patients receiving prokinetics (%) 354 (14.0) 276 (14.0) 18 (16.2) 13 (14.9) 47 (12.8) 0.82
Mean protein and energy delivery from 3-5 days after enrolment

Protein delivery, g/lkg/day 0.60 (0.38) 0.63(0.37) 0.55(0.39) 0.59 (0.37) 0.49 (0.37) <0.001

Energy delivery, kcal/kg/day 16.27 (9.45) 17.04 (9.43) 15.10 (9.25) 14.34 (8.60) 12.93 (8.98) <0.001

Feeding intolerance (%)

Abdominal distension/pain 617 (24.2) 449 (22.6) 26 (23.4) 21 (24.1) 121 (32.8) 0.001

Nausea/vomiting 76 (3.0) 55(2.8) 6(5.4) 3(3.4) 12 (3.3) 0.437

Diarrhea 318 (12.5) 227 (11.4) 11 (9.9) 23 (26.4) 57 (15.4) <0.001

Data are presented as n (%) or median [first quartile, third quartile] or mean (standard deviation). AKI Acute kidney injury, EN enteral nutrition, PN

parenteral nutrition
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Figure 2. Kaplan-Meier survival curves for the association between different protein doses (divided by tertiles) and 28-day mortality. /ICU intensive care unit

in the NEED trial (Table S1, see online supplementary
material).

The results from the sensitivity analysis using mean
protein doses from days 3 to 7 conform to the pri-
mary analysis (HR 0.94, 95%CI 0.91-0.97, p <0.001;
Table S2, see online supplementary material). Also, when
stratifying the early protein delivery by tertiles, compared
with low protein delivery, the risk of 28-day mortal-
ity decreased in the medium protein group (HR=0.64;
95%CI 0.50-0.83, p <0.001) and the high protein group
(HR=0.70; 95%CI 0.54-0.90, p=0.006) after adjust-
ing for the aforementioned confounders (Table S3, see

online supplementary material). The Kaplan—-Meier survival
curves for the association between different protein groups
and 28-day mortality are depicted in Figure 2.

Interaction between early protein delivery and AKI
stage

In the subgroup multivariable analysis, the association
between early protein delivery and 28-day mortality
among patients with varying baseline AKI stage showed
significant heterogeneity (interaction coefficient 0.93, test for
interaction p=0.028) (Table S4, see online supplementary
material). The associations between early protein delivery,
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AK| stages Adjusted HR with 95%ClI HR (95%Cl) P value
Without AKI (n=1985) —— 0.956 (0.923-0.990) 0.011
AKl stage | (n=111) 1.077 (0.968-1.199) 0.174
AKl stage Il (n=87) 0.912 (0.783-1.063) 0.240
AKI stage IIl (n=369) —_— 0.909 (0.838-0.985) 0.021
0.7 0.8 0.9 1.0 1.1 1.2
Favors high Favors low

Figure 3. Associations between early protein delivery and 28-day mortality among patients with different AKI stages. AK/ acute kidney injury, HR hazard ratio,

Cl confidence interval

AKI stage and 28-day mortality are shown in Figure 3. Each
0.1 g/kg/day increase in early protein delivery was associated
with a 4% reduction in 28-day mortality (HR=0.96;
95%CI10.92-0.99, p =0.011) among patients without AKI at
enrollment and 9% (HR =0.91;95%CI 0.84-0.99,p =0.021)
among patients with AKI stage III. However, no association
between early protein delivery and mortality was detected
in patients with AKI stage I (HR=1.08; 95%CI 0.97-
1.20, p=0.174) and stage II (HR=0.91; 95%CI 0.78-1.06,
p=0.240).

The adjusted HR values for 28-day mortality associated
with early protein delivery in different AKI stage groups are
depicted in Figure S3. Patients with AKI stages I and II were
combined into one group, considering their relatively small
sample sizes. The majority of the study patients received
protein delivery in the range of 0-1.0 g/kg/day. Increasing
the early protein delivery was associated with significantly
decreasing mortality risk among patients without AKI and
with AKI stage III, while no linear or non-linear pattern could
be demonstrated among patients with AKI stages I-II.

Discussion

This extensive post hoc analysis of the NEED trial showed
that higher early protein delivery was associated with
improved mortality up to 28 days in a cohort of critically
ill patients with a mean protein delivery of 0.6 g/kg/day
during early ICU stay (day 3-5). However, when considering
baseline AKI stages, this association was only observed
among patients without AKI or with AKI stage III rather
than patients with AKI stages I and II.

There is controversy and a lack of rigorous data over how
much protein should be given in the acute phase of critical
illness. This uncertainty resulted in ambiguous recommenda-
tions in the current guidelines [4,5]. Recently, the FRANS
observational study [27] demonstrated that >0.3 g/kg/day
protein administration within 48 h of ICU admission was
associated with worse outcomes. On the other hand, Zusman
et al. [28] found that a higher mean protein intake was

associated with improved mortality. However, these studies
did not consider the potential impact of renal function, which
is key in human protein metabolism [29].

When renal function is considered, in a post-analysis
of the Nephro-Protective trial [11], higher protein showed
mortality benefits for patients with normal renal function,
but not in patients with AKI. Unfortunately, this was not
replicated in the recent EFFORT-Protein trial [12], which
showed no mortality benefits from higher protein provision
(1.6 vs. 0.9 g/kg/day) in patients with normal renal function.
Notably, it is challenging to compare the Nephro-Protective
trial and the EFFORT-Protein trial as their routes of pro-
tein provision are different (PN vs. EN, respectively). Given
that most ICU patients are fed enterally, the results of the
Nephro-Protective trial may not be easily applicable. Our
study filled the research gap about the potential effect of
providing adequate protein (close to the guideline recommen-
dation) during the late acute phase (from day 3 onward)
on mortality in patients without AKL In our study, higher
protein delivery (up to 1.0 g/kg/day) was near the guide-
line recommendation since the mean protein delivery was
0.6 g/kg/day, as guidelines suggest progressively delivering
proteins to the target. This result aligns with the observa-
tional PROTINVENT study [17] in which higher protein is
associated with mortality benefits from day 4 onward but
showed harm in the first three days. Taken together, providing
protein nearer to the recommended amount during early ICU
stay is associated with mortality benefits in patients without
AKI, but higher protein intake may not bring additional
benefits.

In patients with AKI, a recent post hoc analysis from the
EFFORT-Protein trial showed that high protein (1.6 g/kg/-
day) may be associated with worse outcomes in all AKI
stages [30], while our results suggest that protein intake
close to the guideline’s recommendations confers clinical
benefits in patients with AKI stage III, but not in patients
with AKI stage I or II. This may be partly explained by the
presence of RRT. In the former study, the adverse effects of
high protein intake disappeared in patients receiving RRT,
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which is similar to our findings that close-to-recommendation
protein intake was protective in AKI stage III, since 80.7%
(298/369) of patients in the AKI stage III group underwent
RRT on the first day after enrollment and 87.5% (323/369) of
them received RRT during the first three days of enrollment.

The enhancement of mitochondrial biogenesis may
explain the benefit of increased protein delivery. Using
muscle biopsy, Carre et al. found that the early activation of
mitochondrial biogenesis was associated with survival in ICU
patients [31]. Branched amino acids improved mitochondrial
biogenesis by targeting the mammalian site of the rapamycin
(mTOR) pathway [32-35]. Moreover, mTOR is highly
expressed in the kidney and regulates epithelial processes,
which may explain the discrepancy between patients with
or without AKI [36]. In patients with AKI, their ability
to cope with the enhanced ureagenesis is compromised,
leading to a decreased ability of organs to tolerate high
levels of protein delivery and respond positively to high
protein provision. When RRT is instituted, it alleviates the
accumulation of urea and metabolites so that the beneficial
effects of enhanced protein intake may not be counteracted or
overwhelmed [37].

The results of this post hoc analysis should be inter-
preted cautiously, considering its strengths and limitations.
The nutritional data in the research were prospectively col-
lected during a multicenter randomised controlled trial with
detailed records, implying good generalizability of the find-
ings. Moreover, in this study, we defined early protein delivery
as the mean protein doses between days 3 and 5 after enroll-
ment, when early nutrition therapy (commenced within 48 h)
was supposed to reach the feeding target [4,5]. However, as
a post hoc analysis, residual confounding cannot be excluded
for the non-randomised nature of the exposure, and we were
unable to adjust the unrecorded confounders which may
affect the regulation of metabolism and hyperinflammation,
like the use of oxandrolone and beta blockers [38]. Also, the
protein delivery in this study was generally lower than the rec-
ommended doses in the guidelines. It remains unclear whether
an overall higher protein delivery would be associated with
more significant differences in clinical outcomes. This study
should be interpreted as hypothesis-generating, and no causal
inferences can be made. However, it underlines the present
guideline recommendations to deliver proteins in early critical
illness progressively, and awaits more high-quality evidence
to evaluate the role of renal function in protein delivery in
critically ill patients, as well as to predict AKI at the early
stage with several classic or novel biomarkers [39].

Conclusions

This post hoc analysis showed that increased early pro-
tein delivery (up to close to guideline recommendations), as
defined by days 3-S5 after enrollment in the NEED trial, was
associated with improved mortality in critically ill patients
without AKI or with AKI stage III, when most of these

patients received RRT, but not in those with AKI stages I
and II.
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