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ABSTRACT

Introduction Protein—energy malnutrition, increased
catabolism and inadequate nutritional support leads to
loss of lean body mass with muscle wasting and delayed
recovery in critical illness. However, there remains
clinical equipoise regarding the risks and benefits of
protein supplementation. This pilot trial will determine
the feasibility of performing a larger multicentre trial to
determine if a strategy of protein supplementation in
critically ill children with body mass index (BMI) z-score
<-2 is superior to standard enteral nutrition in reducing
the length of stay in the paediatric intensive care unit
(PICU).

Methods and analysis This is a randomised controlled
trial of 70 children in two PICUs in Singapore. Children
with BMI z-score <—2 on PICU admission, who are
expected to require invasive mechanical ventilation for
more than 48 hours, will be randomised (1:1 allocation)
to protein supplementation of >1.5 g/kg/day in addition
to standard nutrition, or standard nutrition alone for 7
days after enrolment or until PICU discharge, whichever is
earlier. Feasibility outcomes for the trial include effective
screening, satisfactory enrolment rate, timely protocol
implementation (within first 72 hours) and protocol
adherence. Secondary outcomes include mortality,

PICU length of stay, muscle mass, anthropometric
measurements and functional outcomes.

Ethics and dissemination The trial protocol was
approved by the institutional review board of both
participating centres (Singhealth Centralised Institutional
Review Board and National Healthcare Group Domain
Specific Review Board) under the reference number
2020/2742. Findings of the trial will be disseminated
through peer-reviewed journals and scientific conferences.
Trial registration number NCT04565613.

INTRODUCTION

Background and rationale

Paediatric malnutrition is defined as an
imbalance between nutrient requirement
and intake resulting in cumulative deficits of
energy, protein or micronutrients." Malnutri-
tion is pervasive in paediatric intensive care

1,2

Strengths and limitations of this study

» To our knowledge, this is the first randomised con-
trolled trial applying enteral protein supplementation
to critically ill children.

» There is no consensus on the optimal dose for
protein intake during paediatric critical illness.
Following recommendations of the American Society
of Parenteral and Enteral Nutrition, this study will ad-
minister 1.5 g/kg/day of protein to critically il chil-
dren. We chose to focus our study on nutritionally
high-risk patients (body mass index (BMI) z-score
<-—2) who have the greatest potential to benefit from
nutritional therapy.

» As the distribution of malnourished children (as de-
fined by a BMI z-score <—2) and paediatric intensive
care unit support/therapies are variable geographi-
cally, the study will employ randomisation by centre
to achieve balance in treatment allocation within
each centre and account for centre-specific effects
in the analysis.

unit (PICU) patients with a prevalence of
approximately 18%-24% across the world.*™
Protein malnutrition is caused by insufficient
intake or proper utilisation of energy and
protein leading to increased protein catabo-
lism and was shown to occur in up to 40% of
critically ill children.”” Increased catabolism
of protein is likely attributable to a combina-
tion of various factors including critical illness
inflammation, immobility and inadequate
nutrition support.” Inadequate nutritional
provision has been reported in several PICU
studies, with reported rates of protein inade-
quacy ranging from 37% to 87%.”"" Inade-
quate protein intake is associated with poor
clinical outcomes in critically ill children.
In a large, multicentre cohort study, protein
intake <60% of the prescribed amount was
associated with greater odds of mortality
compared with those that received >60% of
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prescribed protein.'’ This was also demonstrated in criti-
cally ill children with acute respiratory distress syndrome
requiring mechanical ventilation (MV) where children
with protein intake of at least 1.5 g/kg/day by day 3 of
PICU stay had lower risk of mortality.” Other concerns
of inadequate protein include the loss of lean body mass
with muscle wasting and subsequent functional disability,
delayed MV weaning, prolonged hospital stay and
increased mortality."* ™

There is marked heterogeneity of patients admitted to
the PICU. One subset of patients shown to be at high risk
of increased morbidity and mortality are those who are
underweight on PICU admission.” ™* It is hypothesised
that children who are underweight have reduced body
stores and are thus at greater risk of nutritional decline
in the event of nutrient inadequacy.* As such, a targeted
approach of protein supplementation in this particular
group of patients can potentially lead to improved clin-
ical outcomes. Thus far, there are no trials evaluating the
benefits/risks of supplemental enteral protein adminis-
tration to critically ill children, highlighting the presence
of clinical equipoise.

Due to the inherent challenges of completing
randomised controlled trials (RCTs) in paediatric critical
care, a rigorous pilot RCT is crucial to evaluate the feasi-
bility of a large RCT. A pilot trial may prevent pursuit of a
trial that is ultimately not feasible. This pilot trial is a step
towards the large trial needed to provide high-quality,
compelling evidence required to develop guidelines for
nutrition care in the PICU.

Objectives

The objectives of this pilot trial are to determine the feasi-
bility, efficacy and safety of conducting a large multicentre
RCT on protein supplementation in critically ill children.
Feasibility-related objectives include determination of the
proportion of eligible patients approached for consent,
likelihood of participants receiving their first protein
supplementation within 72 hours of enrolment, partici-
pant accrual and protocol adherence. Since this is a pilot
trial, efficacy objectives are secondary and will include
a reduction in PICU mortality, length of stay and an
improvement in muscle mass, anthropometric measures
and functional status at predetermined follow-up inter-
vals. Safety objectives include surveillance for adverse
effects of protein supplementation—including feed
intolerance, acute kidney injury, enterocolitis and other
gastrointestinal-related complications. This pilot trial will
also refine inclusion and exclusion criteria, test study
procedures, streamline data collection and assess parental
and physician acceptance of the proposed study design.

METHODS AND ANALYSIS

This protocol was written in accordance with the Stan-
dard Protocol Items: Recommendations for Interven-
tional Trials guidelines and is summarised in table 1.

Design and setting
The study is a dual-centre open-label pilot RCT. It is an
interventional study with two arms—protein supplemen-
tation and standard nutrition. The study is designed with
a reasonable sample size to determine feasibility; study
procedures are embedded into routine clinical care and
will be executed by clinical personnel. Aside from the
study intervention, the clinical diagnosis and manage-
ment of study participants will be at the discretion of the
PICU clinicians. Dietitians, who are study team members
in the two centres, will be involved in the trial design and
reviewing the nutrition plan of all trial participants
Clinical research coordinators (Monday to Friday) or
study team members (Weekends and Public Holiday) will
screen all children daily and maintain screening logs,
including reasons for exclusion and reasons why parents
of eligible children were not approached for consent.

Study sites and period

This pilot RCT will be conducted in the PICUs at KK
Women’s and Children’s Hospital and the National
University Hospital Singapore, two tertiary univer-
sity affiliated paediatric centres in Singapore. The two
centres have different existing nutrition practices, and
performing the study procedures in these two centres will
make the results more generalisable beyond a few centres
with specialised nutritional teams. Should this pilot study
be successful, a larger trial will be planned with involve-
ment of other PICUs within the Pediatric Acute & Critical
Care Medicine Asian Network.

Study participants

Children with BMI z-score <-2 on PICU admission and
who are anticipated to remain in the PICU long enough
to benefit from protein supplementation will be consid-
ered for enrolment. Eligible children may be enrolled
in this trial within 48 hours of starting feeds, provided
feeding is started within the first 7 days of PICU admis-
sion. We chose to limit enrolment based on the timing
commencement of feeds because we hypothesise that
early rather than delayed protein supplementation is
important in modulating clinical outcomes. It is antici-
pated that children need to be exposed to the interven-
tion for 5-7 days to accrue any potential benefit or to
experience potential harms. The inclusion and exclusion
criteria are summarised in table 2. Children enrolled in
a potentially confounding trial with biological interac-
tion affecting outcome measures or adverse events will be
excluded. However, if there are no identifiable biological
interactions, the study team may consider co-enrolment
in both trials.

Patient and public involvement
Patients and the public were not involved in the design of
this protocol.

Risks, adverse events and consent
The potential for adverse events (AE) resulting from
the proposed protein supplementation is expected to
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Table 2 Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Children (28 days to 18 years of age)

Both elective or emergency admissions

BMI z-score <-2 on PICU admission

Invasive MV beginning within 48 hours of PICU admission and anticipated to continue for >48 hours
Enteral nutrition support for feeding (eg, orogastric, nasogastric, gastrostomy, nasojejunal, orojejunal)

Contraindications to enteral nutrition (eg, gut haemorrhage, post-gastrointestinal surgery, necrotising
enterocolitis, ischaemic bowel)

Cow’s milk protein allergy*

Anorexia nervosa and other eating disorders

Premature infants (corrected gestational age of <44 weeks)

Parenteral nutrition

Extra-corporeal membrane oxygenation

Conditions requiring significant fluid restriction (<75% of maintenance fluids) (eg, post cardiac surgery)

Progressive neuromuscular disease (eg, spinal muscular atrophy, Duchenne or other muscular dystrophy,
multiple sclerosis, amyotrophic lateral sclerosis)

Medical conditions where increased or decreased protein intake is required, including acute kidney injury (stage
3 KDIGO criteria), chronic kidney disease (stages 4 and 5), inborn errors of metabolism, fulminant liver failure,
severe burn injury

Patients who are not expected to survive this PICU admission (eg, palliative care, do-not-resuscitate orders,

limitation of care orders).
Previously enrolled in this trial
Enrolled in a potentially confounding trial

*The protein supplement used in our study, as well as, most standard polymeric formulas are contraindicated in patients with cow’s milk

protein allergy.

BMI, body mass index; KDIGO, Kidney Disease Improving Global Outcomes; MV, mechanical ventilation; PICU, paediatric intensive care

unit.

be minimal as the amount is within the current recom-
mendations of current guidelines, although based on
low-quality evidence."” Additionally, the design of this
trial will seek to protect participants from harm by careful
participant selection and appropriate monitoring. We will
exclude children at highest risk for adverse effects. Exten-
sive monitoring within the PICU will allow detection and
treatment of any AE that do occur including refeeding
syndrome.

Monitoring and reporting of AEs and serious AEs
(SAEs) will be carried outin accordance with good clinical
practice guidelines. Critically ill patients are inherently at
high risk of SAE and the usual approach of reporting all
SAE:s to the respective ethical boards would result in large
numbers of reported events not related to the trial inter-
vention, but rather reflect the underlying disease process
or expected complications of critical illness.'® The most
likely AEs associated with the study interventions are the
development of feed intolerance and diarrhoea, both
of which are captured as outcomes and thus will not
be reported as SAEs. Only SAEs that might reasonably
be judged to be a consequence of participation in the
trial and not due to the underlying disease or expected
complications of critical illness, will be reported to the
ethics boards. SAEs reporting will be performed within

24 hours to the reviewing ethical board and the data and
safety monitoring board.

Participants may be withdrawn from the study at any
time due to an AE or SAE. These will be followed-up by
the study team until the clinical outcome from the AE is
determined. Examples include:

» Prolonged feeding intolerance: Tolerating less than
50% of feeds prescribed over a period of 25 days

» Development of acute kidney injury (according to
Kidney Disease Improving Global Outcomes criteria)
requiring dialysis'’

» Suspicion of enterocolitis

» Significant gastrointestinal bleed requiring considera-
tion for procedural intervention

» On request by treating primary physicians

Research staff will approach the child’s parents or legal
guardians for consent to enrol in this trial (online supple-
mental appendix 1: Patient consent form). Potential
benefits and risks will be written in the informed consent
document. Patients and parents will be informed of the
purpose, intervention, benefits and possible risks of the
study. Whenever possible, assent will be obtained from
children above 6 years old when the patient has emerged
from a critical illness state.
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Randomisation, allocation concealment and blinding
Participants will be randomised to protein supplemen-
tation or standard care in a 1:1 ratio, in undisclosed
block size by sealed opaque envelopes, using a computer
generated, centrally prepared allocation schedule by the
study’s biostatistics team. This randomisation will be strat-
ified according to centre. Clinical research coordinators
or study team members will approach eligible patients
for consent. Only after consent is obtained, will the study
team assign participants to allocated interventions—a
model of prior consent will be adopted for this study.

All clinicians, bedside staff and research staff involved
in clinical management of the participants, parents and
guardians will be unblinded to the treatment allocation.

Study interventions

This trial is an interventional study with two arms. Partici-
pants will be randomised to enteral protein supplementa-
tion or no enteral protein supplementation (ie, standard
nutrition care). For both trial arms, participants will be
provided with enteral nutrition (EN) as per standard of
care in each centre. General principles of the provision
for EN using polymeric formula will include a stepwise
progression of feeding volume individualised to the
patient’s weight, age and clinical status with close moni-
toring of tolerance by the nurses. Provision of EN values
will be verified against nutritional requirements calcu-
lated by the dietitian. Children in both arms of the study
will be fed so that the final feed volume will meet target
energy requirements as calculated using the Schofield
equation, with adjustments according to dietitian’s assess-
ment."> A 10% variation in energy intake per day will be
allowed in both arms for ease of preparation of feeds."
Should feeding interruptions occur within either group
due to clinical care, these will not be considered protocol
violations.

Protein supplementation will be administered enterally
and continue for a total of 7 days from study enrolment or
until PICU discharge, whichever occurs earlier. Protein
supplementation will consist of 100% whey protein isolate
(Beneprotein, Nestle, Vevey, Switzerland). Protein supple-
mentation will be provided in divided doses throughout
the day and added to the prescribed milk formula feed
regime to ensure a total protein intake of 1.5 g/kg/day
when full feeds are achieved. For example, a child with
a weight of 25 kg receiving standard polymeric formula,
would have an approximate intake of 40 kcal/kg/day and
1.2 g/kg/day protein. An additional 7.5 g of protein is
required, which is approximately equal to 1.25 scoops
of protein supplement per day. Should a patient be
prescribed with less than full feeds on a certain day (ie,
as feeds are graded up), protein supplementation will be
proportionately administered.

If a recovering patient is able to take per oral solid feeds
during the study intervention period, the intervention will
be suspended due to the variability of oral dietary intake
and difficulty in estimating protein and energy intake. If,
however, a recovering patient no longer requires assisted

enteral feeding but continues to take per oral liquid/milk
feeds, the intervention will continue until the stipulated
time frame. The study intervention will be stopped if the
attending medical team believes withdrawal of the partic-
ipant from the study is critical. At this stage, the treating
team can follow their usual practice with respect to nutri-
tion provision. Parents may also withdraw their child from
the study at any point for any reason—should this occur,
only data collected up to the point of withdrawal will be
used in the analysis.

Data collection and management

Data collected will include baseline characteristics, PICU

support therapies and detailed nutrition data (table 1).

The collection of nutrition data is a key component of

this pilot study. Data pertaining to nutritional intakes

of the participants will be collected. These include the

following:

» Independent dietician estimation of energy (eg,
Schofield equation) and protein requirement

» EN volume delivered and corresponding calories and
protein received

» Highest and lowest glucose levels in the first 24 hours
and first week of PICU admission

» Daily fluid balance and electrolytes (if daily laboratory
investigations are not clinically indicated, a minimum
of two measurements will be done for the purposes of
this study)

Data will be extracted from electronic medical records
by research staff who will enter the data directly into a
secure web application (Research Electronic Data Capture
(REDCap)) hosted by Singapore Clinical Research Insti-
tute (SCRI)." The database will include both range
checks and logic checks and will alert users to any missing
data. The database will be stored at SCRI on a secure, fire-
wall protected server with regular backups. Data can be
entered by designated and trained users or survey respond-
ents from any computer with an internet connection. User
accounts incorporate electronic signatures comprised of a
username and password. An audit trail is generated for all
activity within each REDCap project.

Study outcomes

The pilot trial will focus on four primary feasibility
outcomes and secondary clinical outcomes (table 3).
Change in muscle size and anthropometry will be
measured in relation to measurements performed within
24 hours of PICU admission (baseline) as an exploratory
outcome. Ultrasonography will be used to visualise and
capture muscle changes in critically ill children (online
supplemental appendix 2).* Change in functional status,
as defined by the functional status scores (FSS) will be
measured in relation to the premorbid function, and will
be obtained from caregiver reports (online supplemental
appendix 2) 2

Sample size and interim analysis
The purpose of this pilot study is to investigate whether
protein supplementation has promising efficacy and is

6
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Table 3 Study outcomes

Primary feasibility
outcomes

Proportion of eligible patients approached for consent
Proportion of participants receiving their first protein supplementation within 72 hours of enrolment

Participant accrual, defined as an average monthly enrolment of at least one participant per centre

Protocol adherence, defined as >80% of protein target administered according to the protocol in the

intervention arm

Secondary clinical PICU mortality
outcomes PICU LOS
28-day PICU-free days
Hospital LOS
MV duration

28-day ventilator-free days

Development of AEs including feeding intolerance, diarrhoea, Gl bleeding, and treatment used for Gl bleeding

Change in muscle size (eg, ultrasound guided cross-sectional area of the rectus femoris, diaphragm
thickness) during PICU stay, at PICU discharge, hospital discharge and 6 months later

Change in anthropometric measurements (height, weight, BMI) at PICU discharge, hospital discharge and 6

months later

Change in functional status (PEDI-CAT score, FSS score, hand-grip strength and 6-minute walk test) at

hospital discharge and 6 months later

AE, adverse effects; BMI, body mass index; FSS, Functional Status Score; Gl, gastrointestinal; LOS, length of stay; MV, mechanical
ventilation; PEDI-CAT, Paediatric Evaluation of Disability Inventory—Computer Adaptive Test; PICU, paediatric intensive care unit.

worth further investigation. A large randomised study
with usual care as the active control would be inappro-
priate as insufficient evidence of benefit of protein
supplementation exists to justify such a study. In circum-
stances involving uncertainty of benefit and need for
parsimony in resource expenditures, a small randomised
study invoking the ‘selection theory’ approach proposed
by Simon et af”® ** can provide an initial assessment of
benefit. In the selection theory approach, the objective
is to rank multiple potential treatments and then select
those with the best responses for further study. However,
our study involves only two treatments—protein supple-
mentation versus standard feeds—which simplifies the
approach in a determination of whether protein supple-
mentation is better than standard feeds.

In the absence of any prior rates of clinical outcomes
or effect size, our study will allow a response assessment
and the potential for demonstrating greater efficacy of
protein supplementation versus standard feeds in under-
weight critically ill children, with high statistical power,
using a procedure that circumvents a formal hypothesis
test.

Effect size is defined as &=(p,—,)/0, where p, and
n, represent clinical endpoint population means for
the protein supplementation and standard feeds arms,
respectively. In calculating sample size in the context of
selection theory, we postulate the conventional under-
lying null and alternative hypotheses of H: 6<0 versus H :
08>0, respectively. In our pilot study, we will target an effect
size of 6=0.33, which is considered a small-to-moderate
effect size and often viewed as representing a clinically
important difference.** If protein supplementation is
superior to standard feeds by 6>0.33, we desire to detect

this difference with power 290%. However, under a true
null hypothesis, we will choose to ignore the type I error
rate, and so set 0=50%—equivalent to random chance.
Performing the sample size calculation based on a one-
sided hypothesis test of two independent means using a
two-sample t-test with one-sided 0:=0.50, a sample size of
n=35 per group achieves power=0.92 to detect an effect
size of 6=0.33. (PASS commercial software was used to
perform the sample size calculation.)

From our preliminary data, we expect to have approx-
imately 48 patients per year meet eligibility criteria for
our pilot study. Our projection is that we will see 144
eligible patients over the 3-year recruitment period
(3x48). Assuming a conservative consent rate of 55%, we
anticipate at least 80 patients with BMI z-score <-2 which
will provide 40 patients in each study arm. Accounting
for a dropout rate of 10%-12% due to mortality and
other causes, we would anticipate n=35 patients per arm
completing the study (total N=70), which for 620.33
achieves >90% probability for demonstrating superiority
of protein supplementation to standard feeds. To ensure
we are able to assess feasibility and test study procedures
and infrastructure at each site, we aim to enrol 26 or 27
patients per centre per year (13 or 14 per arm).

It is emphasised that under the selection theory para-
digm, the best treatment for further consideration in a
subsequent larger trial is selected on the basis of descrip-
tive statistics—in this case, higher mean value. Hence,
given an effect size of 620.33, the proposed procedure
and sample size will ensure a >90% probability of protein
supplementation as the better treatment, demonstrated
by a higher mean value, without a formal hypothesis test. A
95% CIwill be calculated on the protein supplementation

Wong JJM, et al. BMJ Open 2022;12:¢047907. doi:10.1136/bmjopen-2020-047907

7



Completion of pilot trial

Review of primary outcome (Feasibility Analysis)
and clinical data

Unfavorable for
extension into larger
RCT

Favorable for extension
into larger RCT

No further
analysis/study

Include pilot data into
larger RCT

Figure 1 Flowchart for analytical approach of pilot trial.
RCT, randomised controlled trial.

versus standard feeds mean difference for the clinical effi-
cacy variables.

Should recruitment be slow and challenging, the
study team will meet and decide on the best method in
increasing enrolment. Some a priori strategies that we
will consider include (but not limited to) changing the
criteria to include:

» Children on non-invasive ventilation or respiratory
distress, and requiring any form of tube feeding
» Children with BMI <-1 on PICU admission

Statistical analysis

All analyses will be performed using an intention-to-treat
principle. There will be no interim efficacy analyses for
this pilot trial. If, after the completion of the pilot trial,
the study team determines that there are no important
changes to the inclusion and exclusion criteria, the
results will not be unblinded for the clinical outcomes
of the pilot trial (figure 1). Instead, we will report the
feasibility outcomes, present the clinical outcomes as a
single cohort and consider the pilot trial to be an internal
pilot, meaning that we will include the pilot trial patients
in the larger RCT. If the study team determines a large
trial is not feasible or if including the pilot trial patients
in the larger RCT is inappropriate, the clinical outcomes
and group comparisons will be reported so that the trial
can be included in future meta-analyses. We will use the

Consolidated Standards of Reporting Trials guidelines for
reporting.25 2

Feasibility analysis

Feasibility will be demonstrated by (1) achieving recruit-
ment targets (effective screening, timely enrolment and
satisfactory participant accrual), (2) demonstrating at
least 80% regimen compliance to allocated groups, (3)
demonstrating safety of the intervention and (4) demon-
strating delivery of protein with a separation of at least
a 0.5 g/kg/day in the intervention and control arms.
Effective screening will be achieved if 90% of all PICU
admissions are screened within 24 hours, timely enrol-
ment will be achieved if 90% of all eligible participants
are enrolled within 48 hours of meeting eligibility criteria
and satisfactory participant accrual is considered if both
centres recruit a total of at least 26 patients per year. For
the feasibility outcomes we will report the proportions of
children meeting each criterion and the associated 95%
ClIs. We will also compare total protein received by partic-
ipants in the groups. We chose a separation of 0.5 g/kg/
day protein as clinically meaningful based on our data
from two cohorts of critically ill patients (bronchiolitis®”
and acute respiratory distress syndrome”’) which demon-
strated that without supplementation, the median protein
achieved within the first 3 days of illness was <1.0 g/kg/
day and that 0.5 g/kg/day separation was associated with
improved clinical outcomes, respectively. The number
of participants who consented (or not) and completed
(or discontinued early) the study and the reasons for
non-consent/discontinuation will be summarised using
counts and percentages. Demographic (eg, race, age,
gender) and baseline clinical characteristics will also be
summarised using descriptive statistics.

Clinical outcome analysis
PICU and hospital mortality rate in each arm and differ-
ences between the protein supplementation and stan-
dard of care arms will be presented with exact 95% Cls.
Medians of continuous variables (PICU length of stay
(LOS), hospital LOS, MV duration, 28-day ventilator-free
days (VFD) and PICU-free days (IFD)) will be presented
along with corresponding 95% CIs. LOS and duration
endpoints will be compared between treatment groups
using a log-rank test in conjunction with Kaplan-Meier
survival curves. Patients who die within 28 days will be
censored. If warranted, additional analysis using Cox
regression will be performed to adjust for the influence
of potential demographic and clinical confounders
Differences in total hospital LOS, PICU LOS, duration
of MV, VFD and IFD observed in the protein supple-
mentation group relative to the standard care group
will be assessed by subgroup according to illness severity
level as characterised by Paediatric Index of Mortality 3
scores.”* Change in muscle size (eg, ultrasound guided
cross-sectional area of the rectus femoris), anthropometry
(height, weight, BMI) and functional status (Paediatric
Evaluation of Disability Inventory—Computer Adaptive
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Test score, FSS score, hand-grip strength and 6-minute
walk test) during PICU stay, at PICU discharge, hospital
discharge and 6 months later will also be measured as
exploratory outcomes.

Handling of missing data

Baseline characteristics, PICU support therapies, nutri-
tion and outcome data are routinely recorded for all
patients in the electronic medical record system. There-
fore, data is very unlikely to be missing. Trained clinical
research coordinators will enter data into the REDCap
system which will have both range checks and logic
checks and alert users to any missing data. If data are still
missing, no imputation will be done.

Trial steering committee

There will be a single steering committee overseeing
trial execution over the two participating sites. The
committee will consist of the two site-principal investiga-
tors, two dietitians, two nursing leads and four study team
members representative from both sites. This group will
be responsible for each step of the trial process including
ensuring consistent screening, reviewing recruitment
numbers, deliberating on eligibility of participants and
adverse events. The steering committee will meet quar-
terly to discuss progress of the trial and troubleshoot any
problems or delays in the project plan.

Data safety monitoring

An independent Data Safety Monitoring Committee
(DSMC) comprised of three members with experience
and expertise in methods, statistics and critical care collec-
tively will monitor the progress and safety of the trial. The
DSMC will meet and review the available data when 30%
of randomised patients (total of 20 patients or at least 10
in each arm) have completed 1 month of follow-up. Addi-
tional meetings may be held at the discretion of the Chair
of the DSMC. The committee will receive SAE reports as
they occur. All data will be presented to the DSMC tabu-
lated by intervention group, but the members will remain
blinded to the actual group assignment. The committee
will review SAEs and centre performance (enrolment,
data quality and protocol adherence) and any pertinent
external data such as newly published studies or other
potentially relevant safety information. They may recom-
mend early termination of the trial if there are SAEs asso-
ciated with the trial intervention, but no formal stopping
rules will be used: this decision will be based on clinical
judgement of the DSMC. The DSMC will keep all trial
data, committee deliberations and meeting minutes
confidential until the end of the trial.

DISCUSSION

Though primarily designed to assess feasibility, this study
will be the first RCT investigating the benefits/risks of
protein supplementation in addition to standard nutri-
tion in critically ill children. Continuation of this pilot

trial into the definitive multicentre RCT will address
an important scientific hypothesis—does early enteral
protein supplementation of 1.5 g/kg/day improve clin-
ical, functional and nutritional outcomes in critically
ill children. Numerous prior observational studies with
similar aims’? were inadequately controlled for important
selection biases, that is, sicker patients selectively received
less nutrition (including less protein). As such, drawing
a conclusion that higher nutrition (including higher
protein) intake is associated with improved outcomes
is inherently biased. A randomised design, such as the
proposed study, is the only way to control for such bias.

In critical illness (eg, sepsis, major surgery), changes in
endocrine-metabolic responses lead to an imbalance in
protein synthesis and degradation.” A negative protein
balance is associated with immunosuppression, poor
wound healing, loss of lean muscle mass and a delay in
the recovery process.” Muscle catabolism is inevitable in
acute illness and its intensity depends on the severity of
illness.™® With exogenous nutritional protein and suffi-
cient energy intake, it is postulated that lean muscle mass
can be diverted away from oxidative metabolic pathways
and preserved.32 It is, however, unknown what consti-
tutes the optimal amount of protein required to mini-
mise loss of lean muscle mass and the optimal timing of
administration in relation to critical illness. Prevailing
data from adult studies demonstrate benefits (improved
muscle rnass,33 reduced mortality?’4 35), as well as, harm
(muscle wasting,'® increased mortality®®) associated with
protein intake in critical illness. These adult data cannot
be extrapolated to children, whose protein and energy
requirements are inherently different.”’

There are currently several recommendations for
protein requirements during critical illness. The 2018
European Society for Clinical Nutrition and Metabolism
guidelines recommends 1.3 g/kg/day protein equiva-
lents be delivered in critically ill adults.” In contrast, the
American Society for Parenteral and Enteral Nutrition
(ASPEN) in conjunction with the Society of Critical Care
Medicine 2016 guidelines for critically ill adults recom-
mends 1.2-2.0 g/kg/day of protein intake.” In critically
ill children the recommended protein requirement
according to the ASPEN 2017 guidelines was 1.5 g/kg/day,
acknowledging that the optimal protein intake required
to attain a positive protein balance may be much higher
than this minimum threshold."” It was also suggested that
provision of protein early in the course of critical illness
was desirable to promote positive nitrogen balance.'” The
provision of 1.5 g/kg/day of enteral protein in our inter-
vention arm is based on these guidelines and on trans-
lational studies indicating that at least 1.5 g/kg/day of
protein was required to equilibrate nitrogen and energy
balances in critically ill children.**!

It is noteworthy, however, that the PEPaNIC trial (early
vs late parenteral nutrition in critically ill children)
comparing nutrition supplementation in the form of early
parenteral nutrition within 24 hours of PICU admission
versus late supplementation with parenteral nutrition
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after the first week of PICU stay demonstrated a higher
rate of new infection, prolonged PICU stay and decreased
likelihood of being discharged alive from hospital in
the early group. In the PEPaNIC trial, the early group
received higher protein intake (approximately 1.5 g/kg/
day) in the form of an intravenous amino acid solution
over the first week of PICU stay.42 There are, however,
fundamental differences between the current proposed
study and PEPaNIC trial which make direct extrapola-
tion of outcomes inappropriate. First, the PEPaNIC trial
included critically ill children ‘atrisk of malnutrition’
(using the Screening Tool for Risk on Nutritional Status
and Growth (STRONGKkids)), whereas, we chose to focus
on established underweight patients (BMI z-score <-2)
who have the greatest potential to benefit from nutritional
therapy.*’ Second, the PEPaNIC trial used parenteral
nutrition instead of EN which in itself has been associ-
ated with infections and other poor outcomes.*™® As
such, an empirical trial of supplemental enteral protein
is warranted and will be informative.

Despite the benefits of a randomised design, our pilot
RCT may be susceptible to some potential bias. In this dual
centre RCT, there is no standardised EN protocol between
the two centres. We did not mandate application of a stan-
dardised EN protocol across both sides because we aim to
scale up and conduct a larger pragmatic trial if feasibility
is demonstrated. It will be challenging to perform a larger
trial with a standardised EN protocol across multiple sites.
Though routine protein supplementation is not currently
practiced in both centres, the variable practice may lead
to potential overlap in protein dosing between the inter-
vention and control arms. We recognise this as a limitation
but are unable to justify ethically to reduce protein intake
of patients to below what standard care provides. In addi-
tion, a proportion of patients will be excluded from the
study due to safety concerns (exclusion criteria) and this
will limit the generalisability of this RCT. The pragmatic
design of this study also allows the managing clinical team
(including nurses and physicians) and investigators in
charge of enrolling participants to be unblinded to the
intervention. However, blinding will be maintained for all
other research staff, such as statisticians. As indirect calo-
rimetry is not readily available at both sites, energy equa-
tions would be used to calculate requirements, which
could result in energy overfeeding or underfeeding.*’
Non-protein calories which may in itself indirectly affect
protein catabolism®® and clinical outcomes,” ** will be
recorded and analysed but will not be strictly controlled.
Lastly, sedation practices, physical activity’’ > and early
rehabilitation®® (which are challenging to control) may
interact with nutritional therapy to affect clinical, nutri-
tional and functional outcomes measured in this study.

Trial status

This trial has obtained ethics approval and clinical trial
registration. Patient recruitment is anticipated to begin
on 4 January 2021 and to complete on 3 January 2024.
Follow-up will be completed by 30 June 2024.
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