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Abstract 

Background  The optimal amount and timing of protein intake in critically ill patients are unknown. REPLENISH 
(Replacing Protein via Enteral Nutrition in a Stepwise Approach in Critically Ill Patients) trial evaluates whether supple‑
mental enteral protein added to standard enteral nutrition to achieve a high amount of enteral protein given from ICU 
day five until ICU discharge or ICU day 90 as compared to no supplemental enteral protein to achieve a moder‑
ate amount of enteral protein would reduce all-cause 90-day mortality in adult critically ill mechanically ventilated 
patients.

Methods  In this multicenter randomized trial, critically ill patients will be randomized to receive supplemental 
enteral protein (1.2 g/kg/day) added to standard enteral nutrition to achieve a high amount of enteral protein (range 
of 2–2.4 g/kg/day) or no supplemental enteral protein to achieve a moderate amount of enteral protein (0.8–1.2 g/
kg/day). The primary outcome is 90-day all-cause mortality; other outcomes include functional and health-related 
quality-of-life assessments at 90 days. The study sample size of 2502 patients will have 80% power to detect a 5% 
absolute risk reduction in 90-day mortality from 30 to 25%. Consistent with international guidelines, this statistical 
analysis plan specifies the methods for evaluating primary and secondary outcomes and subgroups. Applying this 
statistical analysis plan to the REPLENISH trial will facilitate unbiased analyses of clinical data.
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Conclusion  Ethics approval was obtained from the institutional review board, Ministry of National Guard Health 
Affairs, Riyadh, Saudi Arabia (RC19/414/R). Approvals were also obtained from the institutional review boards of each 
participating institution. Our findings will be disseminated in an international peer-reviewed journal and presented 
at relevant conferences and meetings.

Trial registration  ClinicalTrials.gov, NCT04​475666. Registered on July 17, 2020.
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Background
The optimal amount and timing of protein intake in 
critically ill patients are unknown. Based on the limited 
existing data, different clinical practice guidelines recom-
mended a wide range of doses of proteins for critically ill 
patients, from 1.2 to 2.5 g/kg/day [1].

Given the uncertainty regarding the optimal dose of 
protein intake in critically ill patients [2–10] and the lim-
ited data from randomized clinical trials (RCTs), we are 
conducting the Replacing Protein via Enteral Nutrition in 
a Stepwise Approach in Critically Ill Patients (REPLEN-
ISH) trial. This trial is an open-label, multicenter RCT 
that evaluates whether supplemental enteral protein (1.2 
g/kg/day) added to standard enteral nutrition to achieve 
a high amount of enteral protein (range 2–2.4 g/kg/day) 
given from ICU day 5 until ICU discharge up to ICU day 
90 as compared with no supplemental enteral protein to 
achieve a moderate amount of enteral protein (0.8–1.2 
g/kg/day) will reduce all-cause 90-day mortality in adult 
critically ill patients.

This manuscript describes the statistical analysis plan 
(SAP) for the REPLENISH trial, in compliance with 
the “Statistical Principles for Clinical Trials E9” report 
and “Structure and Content of Clinical Study Report 
E3” [11, 12]. This statistical analysis plan identifies the 
procedures to be applied to the primary and second-
ary analyses once trial data validation is complete. All 
analyses were prospectively defined, and the SAP was 
finalized by the Principal Investigator and the Steering 
Committee members before the final analysis. Partici-
pant recruitment is expected to be completed in April 
2025. The final study report will follow the Consolidated 
Standards of Reporting Trials (CONSORT) 2010 guide-
lines for reporting RCTs [13, 14].

Methods
Study design
The REPLENISH trial is an open-label, parallel-group, 
multicenter superiority RCT currently enrolling 
patients from 17 hospitals in 2 countries. The study will 
be conducted according to the principles of the latest 
version of Good Clinical Practice and in accordance 

with all relevant local ethical, regulatory, and legal 
requirements. In Saudi Arabia, the trial is approved 
by the Institutional Review Board (IRB) of Ministry of 
National Guard Health Affairs, Riyadh, Saudi Arabia 
(Protocol number RC19/414R). In other sites, the study 
has been approved by their respective IRBs. The trial is 
registered in ClinicalTrials.gov (NCT04475666), and 
the study protocol has been previously published [15].

According to local regulations, the patients will be 
consented through their surrogate decision-maker. 
Some sites have approval for using a deferred con-
sent model in case the consent was not taken a priori. 
Medical, surgical, and trauma ICU patients will be 
screened on day 4 of ICU stay up to the morning of 
day 5. Adult mechanically ventilated patients (≥ 18 
years old) on enteral nutrition who are unlikely to be 
discharged from the ICU on the following day will be 
included in the study. Exclusion criteria have been 
described in a previously published protocol [15]. Eli-
gible patients will be randomized to the supplemental 
protein group (2–2.4 g/kg/day) or the control group 
(0.8–1.2 g/kg/day). Protein requirement will be calcu-
lated based on actual body weight for patients with a 
body mass index (BMI) < 30 kg/m2. For patients with 
a  BMI ≥ 30 kg/m2, we will calculate the adjusted body 
weight as follows: adjusted body weight  (in kg) = ideal 
body weight + 0.4 * (actual weight – ideal body weight). 
The ideal body weight will be calculated as follows: for 
men: 50 + (0.91 × [height in centimeters − 152.4] and for 
women: 45.5 + (0.91 × [height in centimeters − 152.4]). 
Randomization is achieved through a secure web-
based randomization system using permuted variable 
undisclosed block sizes. Randomization is stratified 
according to the trial site, the use of renal replacement 
therapy at the time of randomization and whether the 
patient is a suspected or confirmed case of COVID-19. 
The study intervention starts from ICU day 5 (mid-
night) and is continued till meeting any of the following 
criteria: death, ICU discharge or day 90 in ICU, prema-
ture stopping of feeding due to brain death or palliative 
care plan, or initiation and tolerance of full oral feeding 
for more than 24 h, whichever comes first. Patients are 
followed up daily until day 90 if in the ICU or until ICU 
discharge and then at day 90.

https://clinicaltrials.gov/ct2/show/NCT04475666
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Fig. 1  Consort flow diagram
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Study population
The flow of patients through the study will be displayed 
in a CONSORT diagram (Fig. 1). We will report the num-
ber of patients screened, met inclusion or exclusion cri-
teria, were enrolled, and were eligible but not enrolled. 
Reasons for the exclusion of non-included patients will be 
reported. We will also report the number of patients who 
were randomized to each group, received the allocated 
interventions, and had the primary outcome data.

The primary analyses will be performed on the modi-
fied intention-to-treat population of all enrolled patients, 
whether or not they received the allocated interventions. 
Post-enrollment exclusion from the modified intention-
to-treat population will be limited to the cessation of study 
procedures due to withdrawal of consent. The data of these 
patients would only remain in the analyzed dataset if the 
patient or surrogate decision-maker consented to use trial 
data. Patients will also be excluded post-enrollment from the 
modified intention-to-treat population if the eligibility crite-
ria were found not to have been met and study interventions 
were not started [16]. Censoring dates will only occur in case 
of “real” loss to follow-up (i.e., discharged patients with no 
information beyond some point). In that case, the censoring 
date will be the last day of contact or the date of hospital dis-
charge if no other information is available.

Data
Baseline characteristics
We will present baseline age, sex, admission category (med-
ical, postoperative (non-trauma) and trauma (postoperative 
and non-operative)), Acute Physiology and Chronic Health 

Evaluation (APACHE) II score, and chronic health points 
(defined as per the APACHE II system) [17]. Baseline data 
(pre-randomization ICU day 4) will include morning blood 
glucose, sedatives and neuromuscular blockers infusions, 
and systemic corticosteroid use. The Sequential Organ Fail-
ure Assessment (SOFA) score will also be reported on day 
4. We will also present the pre-morbid functional assess-
ment for sarcopenia using the SARC-F (Strength, Assis-
tance with walking, Rising from a chair, Climbing stairs, 
and Falls) score [18] (Supplementary Appendix 1-Table 1).

Intervention and co‑interventions
We will report the estimated and administered energy 
and protein requirements for each group. Energy intake 
will include energy from enteral nutrition (includ-
ing protein in the primary formula) and intravenous 
dextrose, citrate, propofol, and parenteral nutrition 
(if any). We will report total energy without and with 
the energy from supplemental protein. Protein intake 
includes the protein from the primary formula in both 
groups, the supplemental protein in the supplemental 
protein group and parenteral protein (if any). Energy 
and protein will be reported as kcal/kg based on actual 
body weight for patients with a BMI < 30 kg/m2 and 
adjusted body weight for those with a BMI ≥ 30 kg/m2. 
To ensure that energy and protein intake data are col-
lected for complete 24-h periods, nutrition data will 
not be included for the last day of intervention if the 
duration of intervention on that day is less than 24 h.

We will report daily blood glucose, serum creati-
nine, and urine output by group. We will compare serial 

Table 1  Summary of the analysis plan

Variables Test

Baseline characteristics No statistical comparisons

Intervention and co-interventions Chi-square, Fisher’s exact test, Mann–Whitney U test, t-test as applicable
For serial values: generalized linear mixed effect models

Primary outcome 1. Primary analysis: generalized mixed effects model with adjustment to stratification variables. Reporting of risk 
difference and relative risk
2. Secondary analyses:
a. Chi-square or Fisher’s exact test
b. Sensitivity analyses using generalized mixed effects model with adjustment to stratification variables and multi‑
ple imputations
c. Cox proportional analysis
d. Adjusted Cox proportional analysis
e. Kaplan–Meier curves

Secondary outcomes 1. Categorical variables: generalized mixed effects model with adjustment to stratification variables. Reporting 
of risk difference and relative risk
2. Continuous variables: linear regression model and van Elteren test as appropriate. The results will be reported 
as medians and mean differences and beta coefficients with 95% CI. For HRQoL: sensitivity analysis using multiple 
imputations
3. Multiplicity adjustment by false discovery rate (FDR)

Safety outcomes Generalized mixed effects model with adjustment to stratification variables and reporting of risk difference 
and relative risk.

Subgroup analyses Generalized mixed effects model with adjustment to stratification variables and reporting of risk difference, rela‑
tive risk, tests of interaction and FDR.
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weights and the highest mobility level during the ICU 
stay [19]. We will also compare serial prealbumin, albu-
min, ammonia, blood urea nitrogen, 24-h urine for 
urinary urea nitrogen, lowest potassium level, lowest 
magnesium level  and  lowest phosphate level  as well as 
the levels of aspartate transaminase, alanine aminotrans-
ferase, and international normalized ratio. We will report 
the average daily insulin dose during the ICU stay. We 
will also report the use of corticosteroids and statins in 
the two groups during the study period (Supplementary 
Appendix 1-Table 2).

Study outcomes

Primary outcome  Ninety-day all-cause mortality is 
defined as death by day 90 from the ICU admission date.

Secondary outcomes 

•	 Days alive at day 90 without life support, which will 
be calculated as the total number of days alive and 
free of vasopressor use, invasive mechanical ventila-
tion and renal replacement therapy within 90 days 
after randomization. As a supplementary analysis, 
we will report the components of this composite 
outcome: vasopressor-free days, invasive mechani-
cal ventilation-free days, and renal replacement-free 
days. Patients who die during the 90-day follow-up 
will be assigned 0 free days.

•	 Days alive and out of the hospital at day 90 will be 
calculated as the number of days from alive hospi-
tal discharge to day 90. Patients who die during the 
90-day follow-up will be assigned 0 free days.

•	 Bacteremia defined as positive blood cultures, 
excluding those considered contaminant organisms, 
until 2 days post ICU discharge.

•	 New or progression of skin sacral pressure ulcers in 
ICU (http://​www.​npuap.​org/​resou​rces/​educa​tional-​
and-​clini​cal-​resou​rces/​npuap-​press​ure-​ulcer-​stage​
scate​gories/), using the definitions of the National 
Pressure Ulcer Advisory Panel, which include stage I: 
non-blanchable erythema, stage II: partial-thickness 
skin loss, stage III: full-thickness skin loss, and stage 
IV: full-thickness tissue loss.

•	 Functional assessment using SARC-F (strength, assis-
tance with walking, rising from a chair, climbing 
stairs, and falls) score for sarcopenia [18] at day 90.

•	 EuroQoL 5-Dimension 5-Level (EQ-5D-5L) [20] 
index value and EQ visual analog scale (EQ-VAS) at 
day 90. The EQ-5D-5L has five dimensions (mobil-
ity, self-care, usual activities, pain or discomfort, 

and anxiety/depression) with five levels of severity 
(no problems, slight problems, moderate problems, 
severe problems, extreme problems). A higher score 
indicates a worse condition [20]. The scores of each 
patient will be first converted into a single index 
value. The EQ-5D-5L index value will be calculated 
using the Kingdom of Saudi Arabia value sets if they 
become available at the time of analysis; otherwise, 
we will use the United States EQ-5D-5L value sets 
[21]. Patients who die by the 90-day follow-up will be 
assigned 0 values in both index value and EQ-VAS. 
Data will also be presented for survivors only.

•	 Safety outcomes are classified into major and minor 
safety outcomes.

Major safety outcomes include

➢ New episode of stage 2 or higher of acute kidney 
injury by KDIGO (Kidney Disease Improving Global 
Outcomes) criteria [22] after enrollment. This is 
defined as a new initiation of renal replacement ther-
apy after randomization, an increase in creatinine 
by ≥ 2.0-folds compared to the baseline creatinine 
(the lowest available value before randomization) or 
urine output < 0.5 ml/kg/h on any given day post-ran-
domization.
➢ Newly confirmed pneumonia according to the 
modified CDC criteria [23].
➢ Grade IV acute gastrointestinal injury [24] includ-
ing any bowel ischemia with necrosis, clinically 
important gastrointestinal bleeding, Ogilvie’s syn-
drome, and abdominal compartment syndrome.

Minor safety outcomes include

➢ Feeding intolerance defined as vomiting or large 
gastric residual volume (≥ 500 ml/24 h) on a single 
calendar day.
➢ Diarrhea defined as having three or more loose or 
liquid stools per day with a stool weight > 200–250 g/
day (or > 250 ml/day) [24].
➢ Refeeding syndrome defined as a fall in serum 
phosphate below 0.65 mmol/L within 72 h of start-
ing nutritional support and the drop being > 0.16 
mmol/L from a previously recorded reading during 
ICU stay [25, 26].

Statistical analysis plan

A.	General concepts: Categorical variables will be 
reported as numbers and frequencies. Continuous 
variables will be reported as means and standard 

http://www.npuap.org/resources/educational-and-clinical-resources/npuap-pressure-ulcer-stagescategories/
http://www.npuap.org/resources/educational-and-clinical-resources/npuap-pressure-ulcer-stagescategories/
http://www.npuap.org/resources/educational-and-clinical-resources/npuap-pressure-ulcer-stagescategories/


Page 6 of 10Arabi et al. Trials  (2024) 25:296

deviations or medians and interquartile ranges, as 
judged appropriate by normality testing. Details of 
missing data (numbers and proportions) will be pro-
vided. Categorical variables will be compared using 
the Chi-square test. Continuous variables will be 
compared using the Student’s t-test or the Wilcoxon–
Mann–Whitney test, as judged appropriate by nor-
mality testing. For serial measurements, we will test 
the change over time and the difference between the 
two groups over time using generalized linear mixed-
effect models. These will be graphically represented. 
Unless otherwise specified, tests will be two-sided 
at 5% significance level. Analyses will be performed 
using the SAS software version 9.1.3 or higher (SAS 
Institute, Cary, NC, USA).

B.	 Sample size: The study sample size of 2502 patients 
will have 80% power to detect a 5% absolute risk 
reduction in 90-day mortality from 30 to 25% [15].

C.	Multiplicity: We will use the false discovery rate 
(FDR) to adjust for multiple testing for secondary 
outcomes and subgroup analyses, each as a separate 
group, as described by Benjamini and Hochberg [27].

D.	Analysis of primary outcome: The primary outcome 
will be compared between the two groups using a 
generalized mixed effects model with adjustment 
to stratification variables [28, 29]. This approach of 
adjusting primary analysis for stratification variables 
has been suggested to avoid an unnecessary loss 
of power [28]. Results will be reported as risk dif-
ference (RD) and relative risk (RR) with 95% confi-
dence intervals (CI) derived from the multivariable 
model with the maximum likelihood method. We 
will perform a secondary analysis using the Chi-
square or Fisher’s exact test. To address the missing 
primary outcomes (loss-to-follow-up), we will per-
form sensitivity analyses using a multiple imputa-
tions model, in which missing values of the primary 
outcome will be imputed using a fully conditional 
specification technique with 100 imputations. Pri-
mary outcome will be predicted based on age, sex, 
the trial site, the use of renal replacement therapy at 
the time of randomization, and whether the patient 
is a suspected or confirmed case of COVID-19. We 
will also use Cox proportional hazard model with-
out and  with adjustment to stratification variables 
as secondary analyses, censoring by the last follow-
up date, and the results will be reported as hazard 
ratio (HR) and 95% CI (Supplementary Appendix 1-
Table 3). The distributions of time to death will be 
compared using Kaplan–Meier survival curves and 
a log-rank test. Table  1 presents the summary of 
statistics that will be performed on the primary and 
secondary outcomes.

E.	 Analysis of secondary outcomes: Secondary categori-
cal outcomes will also be compared in the modi-
fied  intention-to-treat cohort using a generalized 
mixed effects model with adjustment to stratifica-
tion variables. Results will be reported as RDs, RRs, 
and 95% CIs. Continuous data such as the EQ-5D-5L 
index value, EQ-VAS, and SARC-F score collected 
90 days post-randomization will also be analyzed 
using a linear regression model and van Elteren test 
as appropriate with adjustment to stratification vari-
ables. The results will be reported as medians and 
mean differences and beta coefficients with 95% CIs. 
Because data on EQ-5D-5L index value and EQ-VAS 
could be missing for some patients, we will conduct 
sensitivity analysis using multiple imputations. (Sup-
plementary Appendix 1-Tables 4 and 5)

F.	 Protocol violations and serious adverse events: Pro-
tocol violations and serious adverse events will be 
reported and compared between the two groups 
(Supplementary Appendix 1-Table 6).

G.	Subgroup analyses: Subgroup analysis will be per-
formed for the primary outcome in the subgroups 
determined at baseline (Supplementary Appendix 1-
Table 7). Results will be reported using RRs and 95% 
CIs, and the multivariable logistic regression will be 
used to report the results of tests of interactions for 
these subgroups. We will evaluate the effect of the 
intervention within the following subpopulations:

•	Medical versus postoperative versus trauma
•	Admission diagnosis of sepsis versus no sepsis
•	Vasopressor use at the time of enrollment versus 

none
•	Acute kidney injury at enrollment (4 KDIGO 

groups: 0, 1, 2, 3)
•	Liver injury defined as AST or ALT at enroll-

ment > 3 upper normal limit or bilirubin > 1.5 
upper normal limit, which is consistent with 
hepatotoxicity stage 2 and above, according 
to the Cancer Therapy Evaluation Program of the 
National Cancer Institute (NCI) of the National 
Institutes of Health [30].

•	COVID-19 versus no COVID-19
•	BMI of ≤ 30 or > 30 kg/m.2
•	High nutritional risk defined as a NUTRIC score 

of 5–9 and low nutritional risk as a NUTRIC 
score of 0–4

•	SARC-F score of < 4 or ≥ 4
•	Day 4 SOFA stratified at a median value

H.	Interim analyses: Two interim analyses are planned 
to be conducted when 33% and 67% of the sample 
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size (2502 patients) are achieved. The study has two 
biostatisticians, one involved in study design and 
analysis and the other in generating a closed report 
with unblinded group data. The interim analysis will 
be conducted for the primary outcome and safety 
outcomes. We will consider a p-value of < 0.01 for 
safety and a p-value of < 0.001 for effectiveness as 
early stopping criteria. There will be no plans to ter-
minate the trial for futility. One additional unplanned 
interim analysis was conducted (see Trial status 
below). We will use a group sequential α-spending 
function, calculated using the O’Brien–Fleming 
method, with two-sided symmetric bounds, and the 
final p-value will be considered at 0.0412, considering 
the three interim analyses (the two originally planned 
and the additional unplanned analysis).

I.	 Final analysis: The final analysis will be conducted after 
the data on the 90-day mortality is completed [31].

Sub‑studies

A.	REPLENISH-COVID sub-study: We will evaluate the 
effect of high versus moderate protein on the sub-
group of suspected or confirmed COVID-19 patients 
at enrollment. Critically ill patients with COVID-19 
are in a state of high inflammation, increased stress, 
and catabolism. Poor oral intake, which may last 5 
to 10 days before admission, is also common due to 
frequent coughing and breathlessness, dry mouth, 
and loss of taste and smell [32]. Long stay in the 
ICU, especially for intubated and ventilated patients, 
contributes to further malnutrition, loss of skeletal 
muscle mass, and disability. Though early and ade-
quate enteral nutrition would be thought to miti-
gate these challenges and prevent gastrointestinal 
dysfunction [33, 34], it has the potential for adverse 
reactions like abdominal distention, diarrhea, regur-
gitation, and overfeeding [35]. Thus, the proper tim-
ing of optimal nutrients needed to meet the energy 
and protein requirements in critically ill patients 
with COVID-19 is debatable [35]. We will conduct 
a subgroup analysis based on COVID-19 status at 
baseline and assess the effect of protein intake on 
outcome. We will conduct a similar analysis to that 
of the main trial. We will conduct a sensitivity analy-
sis using imputation to account for missing primary 
outcomes, if needed. In this model, missing values of 
the primary outcome variable will be imputed using 
a fully conditional specification multiple imputation 
technique with 100 imputations. Primary outcome 
values will be predicted from age, sex, the trial site, 
and the use of renal replacement therapy at the time 

of randomization. Additional baseline laboratory 
tests, including ferritin, interleukin-6 (IL-6), lactate, 
and procalcitonin, if available, will be compared 
between the two groups. In suspected or confirmed 
COVID-19 patients, we will also compare the use 
of extracorporeal membrane oxygenation, inhaled 
nitric oxide, prone positioning, tracheostomy, intra-
venous immunoglobulins, and antiviral therapy 
(Supplementary Appendix 1-Table 8).

B.	 The effect of protein supplementation according 
to nutritional risk: Malnutrition in critically ill 
patients is highly prevalent and associated with 
adverse clinical outcomes. Therefore, nutritional 
risk assessment is considered important to recog-
nize high nutrition risk earlier and provide targeted 
nutritional therapy [36]. However, there is a lack of 
consensus regarding the definition of nutritional 
risk. The Nutrition Risk in Critically Ill (NUTRIC) 
score is the first nutritional risk assessment tool 
developed and validated specifically for ICU 
patients [37, 38]. The score includes age, APACHE 
II score, SOFA score, number of comorbidities, 
days from hospital admission to ICU admission, 
and IL-6. A modified version of the NUTRIC score, 
which excludes IL-6, has been validated in obser-
vational studies; the total score ranges from 0 to 9, 
with increasing scores indicating higher nutritional 
risk [39]. Based on this baseline score, we will con-
duct a pre-defined subgroup analysis on high versus 
low NUTRIC patients. Other nutritional risk indi-
cators that will be used are prealbumin (prealbu-
min ≤ 0.10 g/L considered as an indicator of severe 
nutritional risk, 0.11–0.15 g/L as mild to moder-
ate risk, and > 0.15 g/L as no risk) [40, 41], serum 
albumin (35 g/L considered as a cutoff value), base-
line urine urea nitrogen (using the median of the 
cohort as a cutoff value), baseline nitrogen balance 
(positive versus negative balance) [42], and SARC-
F (1–3 versus ≥ 4). Some of these tests are not per-
formed routinely, but we will not impute for miss-
ing nutritional risk indicators in this analysis.

C.	The effect of protein supplementation across different 
BMI strata: With obesity increasing worldwide, there 
is also a rise in the prevalence of obesity in patients 
admitted to the ICU. Despite being associated with 
comorbid conditions, obesity has no independent 
effect on the outcome of critical illness other than 
increased ICU length of stay and increased severity of 
illness [43]. On the other hand, underweight patients 
may have a higher risk of mortality, possibly due to 
inadequate nutritional reserves to compensate for 
the stress of critical illness [44]. Studies on the opti-
mal dose and timing of enteral protein in critically ill 
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patients according to their BMI are scarce [45]. We 
will perform subgroup analyses stratified by BMI cat-
egories and evaluate the effect of protein intake on 
their outcomes. By definitions of the National Insti-
tutes of Health and World Health Organization, a 
person with a BMI < 18.5 kg/m2 is underweight, 18.5 
to 25 kg/m2 has normal weight, 25 to 29.9 kg/m2 is 
overweight, 30 to 39.9 kg/m2 is obese, and ≥ 40 kg/m2 
is morbidly obese [46].

D.	Other analyses. We will perform another analysis on 
patients who received corticosteroids (at any dose) 
during ICU stay and stratify them between high and 
low hydrocortisone-equivalent doses using a median 
cutoff of 300 mg to examine whether protein supple-
mentation improves the outcome in these patients.

Additional details about the SAP are available in 
Supplementary Appendix 2.

Trial status
The first patient was enrolled in September 2020. As of 
January 2024, 1578 patients have been enrolled from 17 
centers in Saudi Arabia and Kuwait. The first interim 
analysis was conducted on November 28, 2022, after a 
1/3 accrual period when 833 patients had completed 
their 90-day outcome. In addition, an unplanned interim 
analysis was carried out on June 7, 2023, in response to 
the publication of the EFFORT-protein trial (high ver-
sus moderate protein), which found no difference in the 
primary outcome but a worse outcome in subgroups of 
patients with AKI and high SOFA [47]. On the advice of 
the Steering Committee and the DSMB, enrollment of 
patients with AKI (as defined in the EFFORT trial) was 
paused on February 2, 2023, with the recommendation 
to conduct an unplanned interim analysis that included 
subgroups by AKI and SOFA. After reviewing the data 
from the unplanned interim analysis, the DSMB recom-
mended that the trial be continued with the same inclu-
sion and exclusion criteria and procedures indicated in 
the protocol before restricting enrolment.

Discussion
The REPLENISH trial examines the effectiveness of sup-
plemental protein (addition of supplemental enteral pro-
tein at 1.2 g/kg/day to the standard amount of protein 
(maximum 1.2 g/kg/day) from the primary formula) ver-
sus the standard amount of protein (maximum 1.2 g/kg/
day) starting day 5 of ICU admission. It addresses a major 
evidence gap in critical care nutrition and will contribute 
to future clinical practice guidelines.

The SAP of REPLENISH trial described here speci-
fies the statistical methods for evaluating primary and 
secondary outcomes and pre-defines the covariates for 
adjusted analyses and the procedures for dealing with 
missing data. Applying this SAP will facilitate unbiased 
analyses of clinical data and increase the robustness of 
its results and conclusions.
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