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KEY POINTS

e Nutrition has emerged as a key consideration in pediatric critical care management; this is
reflected via increased research activity, with more recent studies focusing on early
enteral nutrition, protein intake, and short- and long-term outcomes.

e There s limited high-level evidence; however, published practice guidelines provide a frame-
work for nutrition management, incorporating expert consensus where evidence gaps remain.

e Emerging areas of research which may inform future standard practice include skeletal
muscle ultrasound, bioelectrical impedance analysis, and the role of the microbiome
(including pre- and pro-biotics).

INTRODUCTION

Since the establishment of the first pediatric intensive care unit (PICU) in Sweden in
1955" and advances in nutrition therapies including parenteral nutrition in the 1960s
and 1970s,? the nutritional management of the critically-ill child has emerged as a
key focus. As reflected by the increasing number of publications and dedicated
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research groups, nutrition has experienced an increased profile in pediatric critical
care in recent decades.® Most recently, research activity has focused on early enteral
nutrition (EN), protein intake, and short and long-term outcomes.

Despite this, many practice guidelines remain based on low-level evidence and
expert consensus, and investigation has largely been confined to specific groups
including major burns, congenital heart disease (CHD), head trauma, and bronchioli-
tis.* The relatively limited number of randomized controlled trials (RCTs) to date is
potentially partially explained by the additional challenges inherent to trials of nutrition
interventions when compared to, for example, drug trials.® Additional considerations
in nutrition intervention trials include: (a) What is an ethical and meaningful control?
(b) Will other aspects of the diet or nutrition provision be displaced by the intervention,
and will this confound the findings? and (c) Will the baseline nutritional status of the
participants affect the effectiveness of the intervention? Moreover, in the intensive
care setting, nutrition research must also consider the implications of the 3 phases
of critical illness, namely the acute, stable, and recovery periods.®” In each phase,
it is highly plausible that patient nutritional needs are very different, and the potential
impact of nutrition may also vary. Pediatric studies must also take into account growth
and development, including their effect on nutritional requirements and as an area
potentially impacted following critical illness.

In this review, we outline key practical components of the nutritional management of
critically-ill children (refer Box 1 and Fig. 1) in the context of the current peer reviewed
literature and identify vital knowledge gaps for further investigation.

KEY PRACTICE RESOURCES

Fundamental resources to support nutrition management in the PICU include the 2017
Society of Critical Care Medicine (SCCM)/American Society for Parenteral and Enteral
Nutrition (ASPEN) guidelines and the European Society for Pediatric and Neonatal
Intensive Care (ESPNIC) 2020 clinical recommendations.®° The 2021 European Soci-
ety for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) position
paper provides an overview specifically on the critically ill neonate.’® These publica-
tions reinforce the importance of nutrition as a key element in a critically-ill child’s
overall care. As a reflection of the limited evidence available, a substantial proportion

Box 1
Recommended practical considerations for nutrition management in the pediatric intensive
care unit

Strategy

o Refer to key published guidelines.®?

e Establish a collaborative multidisciplinary approach to nutrition care, including the
implementation of local guidelines and algorithms.

o Consider the phases of critical illness to guide appropriate nutrition prescription.®’

e Commence enteral nutrition within 24 hours unless contraindicated.

e Aim for nutrition provision to initially meet resting energy expenditure (determined via

indirect calorimetry or estimation via Schofield equation) and 1.5 g/kg protein.

Gradually increase nutrition provision as tolerated and as appropriate for the phase of

critical illness.

Consider the energy to protein ratio of prescribed nutrition to ensure appropriate provision

of both components.

e Avoid unnecessary gastric residual volume monitoring unless deemed at high risk of

vomiting or aspiration.

Avoid supplemental parenteral nutrition in the first week of critical illness.
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Optimal Nutrition Facilitators:
Multi-disciplinary roles in nutrition care
Automatic referral to nutrition specialists
Local nutrition guidelines
Enteral feeding algorithms

Nutrition champions
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Barriers to Optimal Nutrition:
Lack of local guidelines and protocols
Culture where nutrition is not a priority
Team lacking nutrition knowledge
Limited nutrition specialist resources

Prolonged unnecessary fasting

Nutrition quality initiatives

Fig. 1. Enablers and barriers to optimal nutrition provision in the pediatric intensive care
unit (PICU).

of these documents are based upon observational data and expert consensus. None-
theless, when combined with clinical judgment, reference to these guides ensures that
an individualized nutrition assessment and intervention plan has considered the avail-
able evidence and expert consensus. Checklists outlining practical strategies for PICU
medical, nursing, and dietetics staff have been published to facilitate implementation
of these guidelines."" The evolution of the ASPEN guidelines since their initial edition in
2009 signals the increase in pediatric critical care nutrition research and body of evi-
dence. Ongoing expansion of the evidence base is anticipated to be reflected in the
updated version of the SCCM/ASPEN guidelines, currently under review.'?

ROLE OF THE MULTIDISCIPLINARY TEAM IN NUTRITION CARE

All members of the PICU multidisciplinary team can influence a child’s nutrition by
optimizing opportunities for adequate provision and minimizing instances where deliv-
ery is reduced or delayed. The medical team advise on early EN and minimize fasting;
nursing staff identify opportunities to fine tune an EN regimen and facilitate oral intake;
dietitians undertake a comprehensive nutrition assessment and devise a tailored nutri-
tion prescription; pharmacists optimize oral and enteral medication delivery and
contribute to parenteral nutrition prescription; speech pathologists undertake a swal-
low assessment and advise on modified oral diet and fluids; and the occupational ther-
apist ensures optimal positioning for safe and comfortable oral intake. Additional
services including child life, art, and music therapy may also indirectly inform nutrition
care for those alert and capable of some oral intake via their overall supportive
interventions.

Research is increasingly demonstrating the benefits of such collaborative nutrition
care in the critical care setting. Multidisciplinary nutrition management models have
been shown to improve nutritional indices and reduce intensive care unit (ICU)
length-of-stay when compared to a traditional management model, and improve nutri-
tion provision in a trauma ICU."®'# In a low resource PICU, an EN protocol developed
and implemented by a multidisciplinary nutrition support team has been demonstrated
to lead to improved energy and protein delivery, and less time to commencement and
interruptions.’®

Although the role can vary between locations, dietitians are well-equipped to pro-
vide specialized nutrition expertise and lead nutrition service development. Data are
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lacking though to define current dietetics resources and guide ideal staffing. A study
conducted by our group across Australia and New Zealand found a median 0.03 (inter-
quartile range [IQR] 0.02, 0.04) dietetics full time equivalent (FTE) per funded bed.’® A
recent survey in the United Kingdom (UK) and Ireland identified that children in PICUs
well-resourced with dietetics FTE were more likely to be reviewed by a dietitian
without a referral, which may translate into improved nutrition outcomes.’”

NUTRITION SCREENING AND DIAGNOSIS OF MALNUTRITION

Nutrition screening tools (NSTs) identify malnourished individuals or those at risk of
malnutrition. Identification allows for early nutrition intervention and prioritization
where resources are limited in order to direct further assessment to those most likely
to benefit. To date there are no validated NSTs established in the pediatric critical care
setting. A 2022 systematic review assessed inpatient pediatric NSTs against criteria
deemed to be essential for critically-ill children; these included clinical, nutritional sta-
tus, laboratory, and dietary intake variables.'® The authors concluded that none of the
19 included studies were suitable for the pediatric critical care setting, and that a new
NST should be developed for this population, which was predictive of meaningful out-
comes including nutritional status deterioration and PICU length-of-stay.

Nutrition assessment is recommended on admission to the PICU to diagnose
malnutrition and other nutrition-related issues, and allow for the implementation of
an individualized nutrition intervention plan.®° As in all clinical areas, nutrition assess-
ment in critically-ill children must encompass current nutritional status, dietary intake,
clinical factors, and a nutrition-focused physical examination. In the absence of a
biomarker or validated ‘nutrition score’, nutritional status in the PICU is generally
defined by anthropometric z-scores. Weight, height or length, and body mass index
z-scores for age can be categorized and also allow for determining change over
time. Anthropometric measures must, however, be interpreted with caution given po-
tential issues associated with measurement error and fluid status, both of which are
arguably more likely in the critical care setting.

ENERGY AND PROTEIN

Energy and protein provision during critical illness is intended to meet basal metabolic
requirements and support recovery whilst avoiding the complications associated with
excess delivery. ‘Adequate’ energy and protein intake have been associated with
decreased mortality and morbidity. However, measurement of energy and protein bal-
ance is challenging, and the evidence to support current definitions of ‘adequate’ en-
ergy and protein provision is limited. This is in the context of the heterogeneous PICU
population and factors impacting upon requirements including age, pre-existing nutri-
tional status, clinical condition, management and interventions, and phase of illness.
The 3 phases of the acute stress response provide an important framework to guide
appropriate nutrition support; acute, stable, and recovery.®” Care must be taken dur-
ing the acute phase where the risk of overfeeding is highest.

Energy Requirements

Energy requirements may vary significantly over the course of critical illness. Indirect
calorimetry (IC) is therefore recommended to measure resting energy expenditure.
However, this is not possible if a unit does not possess the equipment and technical
expertise. Guidelines have been published to aid clinicians in the acquisition and
implementation of 1C."® Additionally, some children may not be eligible for IC due to
a range of factors including chest drain tube leaks or requirement for extracorporeal
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membrane oxygenation (ECMO).2° In the absence of IC, the Schofield equation is rec-
ommended to estimate resting energy expenditure.?’ Expert consensus states that
this should not be exceeded in the acute phase, to avoid the risk of overfeeding
and resulting hyperglycaemia and difficulties weaning respiratory support.??

In practice, as clearly outlined by Joosten and colleagues, nutrition provision should
aim to meet resting energy expenditure (as determined by IC or estimated via the Scho-
field equation) and then be gradually increased as tolerated.® During the recovery phase,
atleast twice the resting energy expenditure is generally required to support rehabilitation
and achieve catch-up weight gain.” The nutrition prescription should be adjusted accord-
ing to ongoing reviews of tolerance and anthropometric measurement trends.

Protein Requirements

Two systematic reviews have investigated protein intake in critically-ill children and
found that a minimum intake of 1.5 g/kg/day was associated with a positive protein bal-
ance and lower mortality.?>* It should be noted that ASPEN 2017 guidelines advise that
the optimal dose may be higher in critically ill infants and young children, whilst the
ESPNIC 2020 guideline acknowledges that there is currently insufficient evidence to
support the provision of additional protein during the acute phase of illness.®° Studies
exploring protein adequacy using longitudinal measurements of total urinary nitrogen
are lacking. A systematic review by a European and UK author group plans to explore
the effectiveness of high versus low enteral protein intake on clinical outcomes in criti-
cally ill children, whilst importantly considering energy intake.?®

Once again, as per the published international recommendations®® and well-
defined guidance of Joosten and colleagues,®” in practice nutrition prescriptions
should aim to provide a minimum of 1.5 g/kg in the acute phase. This should then
be gradually increased as tolerated up toward 3 g/kg by the stage of recovery. Atten-
tion should be paid to the energy to protein ratio of prescribed nutrition to ensure
appropriate provision of both components.

ORAL NUTRITION

There is logically a focus of PICU nutrition practice guidelines and research on enteral
and parenteral nutrition provision given the requirement of many critically-ill children to
receive artificial nutrition provision; however, a proportion remain capable of manag-
ing oral intake. This group requires practical consideration in PICU food service oper-
ations and daily routines in the unit to support and facilitate eating and drinking, in
addition to the clinical and academic considerations of nutrition provision from oral
consumption. Facilitation of oral intake can reduce reliance on artificial nutrition inter-
ventions, which are associated with increased risk of complications and costs.
Perhaps most important overall, is acknowledging that eating and drinking can pro-
vide children in the PICU a sense of comfort, normality, and enjoyment.

Breastfeeding and Expressing

Human milk should be provided where available given the multitude of benefits, with
support of immune function particularly important for critically-ill infants.?® Human milk
has also been established as beneficial for infants at increased risk of necrotising
enterocolitis, meaning that donor milk should also be considered where the option
is available.

In a 2023 UK qualitative study of sick breastfed children in hospital, mothers
described breastfeeding as emotionally and immunologically meaningful; however,
challenges to doing so included gaps in staff knowledge and clinical environments
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not conducive to breastfeeding or expressing.?’” A systematic review by the same
group exploring challenges of medically complex breastfed children identified key
themes including practical and psychological challenges in the hospital setting, lack
of specialist breastfeeding support and equipment, and complications of the child’s
condition making breastfeeding difficult.?® In order to support breastfeeding and
expressing mothers, units should review their processes and resources in order to
identify areas for improvement.

ENTERAL NUTRITION
When to Provide Enteral Nutrition?

EN is the preferred mode of artificial nutrition support for children unable to manage oral
intake due to both the effects of their critical illness and its management. Practice guide-
lines recommend commencement of early EN where there are nil contraindications.®°
Definitions vary though this generally refers to EN commenced within 24 to 48 h of
PICU admission. These same guidelines advise caution in feeding those with severe
burns, CHD and shock, and recommend a cautious approach and close monitoring
due to the risk of necrotising enterocolitis (NEC). A recent review identified benefits
associated with early EN to include attainment of energy and protein targets, increased
ventilator free days, decreased length-of-stay, reduced cost, and reduced mortality.?®
However, it was highlighted that due to the data being mainly derived from observational
studies with heterogenous populations, the suggestion of improved outcomes may
reflect greater feasibility of providing EN to those with lower severity critical illness.
When considering the timing of progression toward targets, large observational studies
have demonstrated a cumulative mean energy intake of 60% to 70% up to the first 10 d
in PICU to be associated with reduced mortality.>° An improved protein intake has also
been found to be associated with reduced mortality.>

How to Provide Enteral Nutrition?

Route

EN via the gastric route is physiologic and generally the preferred route. However,
delayed gastric emptying associated with critical illness may increase the risk of
feeding intolerance and aspiration, leading to a requirement for post-pyloric adminis-
tration of EN. A nursing competency package for bedside post-pyloric feeding tube
placement has found the practice to be safe and feasible.®?

Method

A range of options exist for administration of EN: continuous (via pump over 24 h), cy-
clic (via pump over <24 h), intermittent (via pump multiple times per day over approx-
imately 20-60 min, and bolus (via syringe or gravity drip).>® Unless a child is reliant on
post-pyloric feed delivery, which requires continuous or cyclic administration, clini-
cians must determine if intermittent or bolus may be preferable over continuous or cy-
clic for children receiving gastric feeding. The method ultimately used generally
depends upon individual patient factors and local resources (including staffing ratios
and equipment);** however, there are some limited evidence to suggest that bolus
feeding improves attainment of nutrition targets. A randomized trial of 25 mechanically
ventilated children comparing bolus versus continuous nasogastric feeding found that
bolus feeding resulted in improved EN delivery with a comparable safety profile.®> An
RCT has also explored 24 h continuous versus intermittent feeding with an overnight
fast (‘ContInNuPIC’); however, further research is required to determine if there are
clinically relevant benefits related to an overnight fast and to establish non-inferiority
in regards to achieving calorie targets.®®

Descargado para Daniela Zaiiiga Agiiero (danyzuag@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en abril 30, 2025. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Critical Care Nutrition for Children

Gastric residual volumes monitoring

A practice associated with enteral feeding that is relatively common is the monitoring
of gastric residual volumes (GRVs) as a measure of feed tolerance. A comparison
study has demonstrated that not undertaking routine monitoring is not associated
with increased vomits, aspiration pneumonia events or necrotising enterocolitis.®”
This practice is being explored via the GASTRIC-PICU trial, which is seeking to deter-
mine non-inferiority of no routine GRV monitoring compared to at least 6 hourly GRV
monitoring in terms of health and economic outcomes.*® In the meantime, units should
define and review their current local practice to ensure consistency and identify poten-
tially unnecessary GRV monitoring in children not deemed to be at high risk of vomiting
and aspiration.

What to Administer as Enteral Nutrition?

Perhaps the area of EN that has been explored least is the ‘what’ to provide as EN. As
previously discussed, human milk should be provided where available; however, stan-
dard EN options are otherwise generally accepted to be infant formula, or age-
appropriate complete enteral formulas for older children and adolescents. A study
completed by our group found that expressed breast milk is provided as EN in over
50% of children aged less than 2 y admitted to PICUs in our region, and when this
was fortified this was achieved with the addition of standard infant formula powder.>°

The use of increased energy and protein density options amongst infants and young
children with CHD is the group with the most evidence to date. A systematic review
and meta-analysis found that ‘enriched’ post-operative EN improved attainment of en-
ergy and protein targets, and was associated with reduced duration of ventilation,
maintenance of weight, and reduced PICU and hospital length-of-stay.® Our group
is exploring the use of feed modification to optimize energy and protein provision
via feed modification in a scoping review, which will determine the extent of evidence
beyond this patient group.*’ A peptide-based energy-dense formula has been
explored in a retrospective observational study*?; it was found to be feasible, well-
tolerated and suitable to meet nutrition targets; however, further trials are required
to determine potential benefits and patient groups.

Enteral Nutrition Considerations for Infants with Congenital Heart Disease

Infants with CHD and duct-dependant circulations are at risk of systemic, and there-
fore, mesenteric hypoperfusion. Necrotising enterocolitis is much more prevalent in
neonates with CHD and as a consequence, many institutions withhold enteral nutrition
in the pre-operative period.*®** However, a recent meta-analysis determined no asso-
ciation between NEC and pre-operative feeding status in neonates awaiting cardiac
surgery.*® Additionally, some retrospective studies show an exclusive unfortified hu-
man milk diet was associated with a significantly lower risk of preoperative NEC,
but that feed volumes greater than 100 mL/kg/day may significantly increase the
risk.*® Cautious initiation of enteral breast milk, where available, in this population
may confer some immunologic and antimicrobial benefit, in addition to reducing the
risk of NEC.

PARENTERAL NUTRITION

Parenteral nutrition is generally indicated when enteral nutrition is anticipated to not be
possible or inadequate for an extended period of time. Following the PEPaNIC trial,
guidelines now advise against the administration of supplemental parenteral nutrition
(PN) in the first week of critical illness.
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The PEPaNIC study explored early versus late parenteral nutrition in 1440 chil-
dren.*” PN commenced on Day 8 rather than within the first 24 h of admission was
found to be associated with multiple superior outcomes including less new infections
and a reduced PICU length-of-stay. It has been suggested that early administration of
amino acids may provide an explanation for the potential harm.*® Limitations have
been discussed, including that PN was initiated based on a nutrition risk score poten-
tially resulting in overuse and enteral nutrition was limited rather than advanced.*® It
appears to remain valid that PN should be commenced in those anticipated to be sub-
stantially reliant on parenteral nutrition support beyond a few days once stable, where
EN will be inadequate for a prolonged period.*°

In those that do appear suitable for PN provision, careful consideration must be
given to the phase of critical iliness the child is experiencing to avoid under or over-
feeding. Guidelines are available to facilitate appropriate prescription of parenteral
macronutrients, electrolytes and minerals, and micronutrients in the PICU setting.>':52

NUTRITION MANAGEMENT IN THE SETTING OF CRITICAL CARE INTERVENTIONS

The impact of clinical interventions on nutritional requirements and optimal nutrition
delivery should always be considered. In the critical care setting, ECMO and renal
replacement therapy (RRT) are the 2 major therapies to consider in nutrition care plan-
ning. Children requiring these advanced intensive care interventions are typically
among the most unwell. This often means they experience prolonged stays in the
PICU, higher rates of morbidity, and extended rehabilitation periods, all which empha-
size the importance of careful nutrition management.

Extracorporeal membrane oxygenation

Metabolic changes from illness, barriers to starting nutrition therapy, and interruptions
to feeding put those requiring ECMO at risk of receiving inadequate nutrition.>® Cur-
rent ECMO nutrition practice recommendations are predominantly based on observa-
tional data and expert consensus. A recent literature review identified that no RCTs
have been conducted on enteral nutrition in ECMO.%*

Determining nutritional requirements

Determining nutritional requirements during ECMO is challenging. ECMO involves the
diversion of blood outside the body to a machine that oxygenates it and removes car-
bon dioxide before returning it to the patient. This process bypasses the patient’s
lungs, altering the gas exchange dynamics nutritional assessment methods rely
upon. A modified IC method has been proposed, combining traditional IC via the venti-
lator plus calculations of oxygen consumption and carbon dioxide production derived
from pre- and post-ECMO membrane blood gas analyses.®>’ In a prospective pilot
study of resting energy expenditure (REE) of children on ECMO, wide variability in
metabolic demand was observed, with some patients, particularly those with septic
shock, exhibiting REE levels substantially higher than aforementioned predicted
values.®” Using an alternative method, respiratory mass spectroscopy, the calculated
REE of children on ECMO was similar to basal metabolic rate, contrary to traditional
beliefs of hypermetabolism during critical illness with ECMO.%8 These studies show
that modified assessment methods are possible but highlight the need for further vali-
dation and individualized assessment.

Nutrition delivery during extracorporeal membrane oxygenation
Despite potential concern for children receiving ECMO to develop enterocolitis and
gut ischemia due to vasoactive medication and hemodynamic instability, guidelines
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recommend early commencement of nutrition therapy.® Early enteral nutrition, defined
as within 24 h, is recommended for children once stable on ECMO. A recent system-
atic review and meta-analysis on ECMO-treated children and adolescents receiving
EN revealed heterogeneity in population and nutrition management. Despite varia-
tions, most studies suggest EN decreases mortality compared to PN. A large obser-
vational study found early EN was not associated with respiratory complications or
bowel ischemia compared with delayed EN (>48 h after admission), dispelling some
of the perceived barriers to initiation of feeding in this population.®® Although patients
may experience feed intolerance, it appears safe overall, emphasizing the importance
of early initiation or transition to EN when clinically feasible.®®

Targeted efforts to avoid prolonged nutritional deficits is paramount, for example,
the use of nutrition protocols to target volumes, gradual increase of nutrient supply,
use of concentrated formulas, avoidance of feeding interruptions, and consideration
of post-pyloric feeding in patients with unavoidable interruptions, gastric feeding intol-
erance, or high-risk of aspiration.®’

Acute Renal Replacement Therapy

A significant proportion of children with acute kidney injury (AKI) in the PICU are at risk
of acute malnutrition, and the majority of those are likely already chronically malnour-
ished.®? The nutritional management of children requiring continuous RRT (CRRT) rep-
resents a complex scenario, intersecting critical illness and AKI diet therapy. In
addition to the underlying pathology, nutrition prescriptions must consider medica-
tions, filter types, ultrafiltration and dialysate flow rates, effluent losses, and heat
loss, all of which will vary depending on the CRRT modality. CRRT also poses chal-
lenges to IC by removing CO2 as bicarbonate, underestimating energy needs. Addi-
tionally, citrate (used as an anticoagulant for RRT) has metabolic effects and may
increase REE.%®

Evidence is lacking in the nutrition management of children with AKI; however,
clinical practice recommendations have recently been published by the Pediatric
Renal Nutrition Taskforce.®* These have been interpreted in the context of the
PICU,®° and sensibly highlight that when devising a nutrition prescription potassium
is generally the primary determinant of the plan closely followed by fluid allowance.
Whilst the optimal protein dose in the PICU remains unknown, further research is
also required to confirm this in children with AKI. It is therefore suggested that a
pragmatic starting point may be to aim for an additional 10% to 20% to account
for effluent losses.

Additional important AKI nutrition management considerations flagged include a
reminder of the relatively low renal solute load of human milk.°® Increased concen-
tration oral and enteral feeds in fluid restricted children with renal failure for
improved nutrition delivery may be beneficial. However, this should be carefully
balanced with the increased risk of gastrointestinal issues with these increased
osmolality feeds, especially in children with short bowel syndrome or at high-risk
of necrotising enterocolitis (both not uncommon in the critical care setting). In prac-
tice, a combination of feed types may provide the best composition to optimize
nutritional intake without exacerbating issues related to the AKI. For example, a
feeding plan comprising 50:50 expressed breast milk (EBM) or infant formula and
a low potassium renal-specific formula may provide an appropriate balance of en-
ergy, protein, and electrolytes. Ultimately, the importance of multidisciplinary collab-
oration is emphasized in the care of a critically-ill child receiving CRRT, with the
optimal management plan requiring input from the intensive care, nephrology, and
nutrition support experts.
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WHERE TO NEXT?

Qverall, there is significant enthusiasm for PICU nutrition research, with increasing
research activity, collaborations, and numerous avenues of enquiry. Collaborative
studies focused on clinical interventions, treatments, and outcomes have been
deemed priorities. A multidisciplinary consensus derived list of PICU nutrition research
priorities was established in 2018 and includes protein intake, effects of mobilization,
targeted-nutrition therapy, and development of a validated nutrition risk score.®” Pri-
orities of consumer stakeholders are yet to be determined. Key areas are outlined later
and summarized in Fig. 2.

Point-of-care Ultrasonography for Skeletal Muscle Assessment

Multiple factors inherent to critical illness and its management can negatively impact
upon muscle mass, and sub-optimal nutrition provision exacerbates wasting. Bedside
ultrasonography has been used to assess skeletal muscle in adults and is being
increasingly studied in critically-ill children due to its hypothesized association with
functional outcomes.®® A recent prospective study demonstrated that point-of-care
ultrasonography of the quadriceps femoris can identify muscle atrophy in mechani-
cally ventilated children. Increasing age, cumulative energy, and protein deficit, high-
est C-reactive protein value, exposure to neuromuscular blockers, and prolonged
PICU admission were all predictive of greater decrease in thickness.®® A further recent
study in the UK also confirmed muscle wasting during pediatric critical illness,
although nil significant associations were identified, the authors have acknowledged
the limited sample size and highlighted the need for a systematic review and meta-
analysis to guide future research.”®

Potential Use of Bioelectrical Impedance for Fluid Management and Body
Composition Monitoring

Bioelectrical impedance analysis (BIA) is another example of how technology may play a
future role in nutrition-related management in the PICU. There is minimal evidence at
present; however, a recent scoping review highlighted the emerging use of BIA in the
NICU. BIA was identified to be used for fluid status evaluation and as a measure of

Bioelectrical impedance
analysis for fluid
management and body
composition assessment

Skeletal muscle
assessment via
ultrasonography

The impact of the
microbiome; the role of

The role of nutrition in Emerging PICU Nutrition

Research Themes

recovery and long-term
outcomes pre- and probiotics

Combined nutrition and
mobility interventions

Fig. 2. Emerging areas of pediatric critical care nutrition research.
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nutritional adequacy and growth in those with stable fluid balance.”' Research is
required though to establish BIA for these purposes in the pediatric critical care setting.

Combined Mobility and Nutrition Therapies

Given the bi-directional relationship of nutrition and physical function, it would be futile
to optimize 1 aspect of care without the other. It is therefore only logical for nutrition
and mobility to be researched collectively. A pilot feasibility RCT (‘PROXIMUS’) is
currently underway in the United States (US), exploring high protein intake combined
with individualized versus standard management during the acute phase in the
PICU.” The investigators aim to determine preservation of muscle mass and func-
tional status at 1- and 6-mo post-randomization. Following in the footsteps of adult
colleagues, this is likely to be one of the first of many studies exploring the synergistic
effect of these 2 areas of intervention.

The Microbiome and Use of Pre- and Probiotics

The gut microbiome is essential to the functioning of the gastrointestinal tract. Many
aspects of pediatric critical care, including medications and fasting, interrupt the
microbiome;”>"4 however, nutrition is a modifiable factor. It is anticipated that future
research will identify associations between the gut microbiome and outcomes, and
generate evidence to guide targeted-nutrition therapy.’® Studies are required to deter-
mine potential benefits, safety, and cost-effectiveness.”® An emerging area of research
in the PICU includes exploring the effect of food-based fibre-containing enteral formula
on antibiotic-related feed intolerance in critically-ill children with sepsis.”” As this area
of research expands, it is likely that practice guidelines will evolve to include recom-
mendations on administration of pre- and pro-biotics, including fibre-containing
enteral formulas.

Longer Term Outcomes—the Role of Nutrition in Rehab and Recovery?

Modifying patient-centred long-term outcomes through PICU interventions has been
highlighted as the ultimate goal of PICU trials.”® As pediatric critical care research
increasingly focuses on long-term outcomes, questions arise regarding the role of nutri-
tion interventions. Theoretically, it is expected that nutrition plays an important role in
rehabilitation and recovery; however, this needs to be established. Unlike adults, physical
and psychosocial development is at stake for children and nutrition is already accepted to
play animportant role in overall health and well-being. Minimization of deconditioning has
been identified as a priority for clinical care and research in a study of the impact of pe-
diatric critical illness on health-related quality-of-life.”® Our group has recently described
the modes of required nutrition support on the ward following discharge from the PICU,
and identified that gaps remain between nutrition targets and actual provision as late as
28 days following PICU admission.2° The PEPaNIC trial has demonstrated incorporating
long-term follow-up of nutrition intervention on developmental outcomes.®’

New Frameworks for Future Research

Future studies should consider the multi-stakeholder overall PICU core outcome set,
which consists of 4 Global Domains (cognitive, emotional, physical, and overall
health), and 4 Specific Outcomes (child health-related quality-of-life, pain, survival,
and communication).®? A set specific to nutrition is yet to be developed, which would
ideally include outcome domains of nutrition efficiency, nutrition tolerance, and non-
nutrition pediatric intensive care outcomes.®® Additionally, the recently developed
consensus definition for acute pediatric critical illness should be used to facilitate a
consistent approach to global research across resource-variable settings®*
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SUMMARY

Pediatric critical care nutrition-focused clinicians and researchers eagerly await to see
what directions current and future studies take and how PICU nutrition therapy may
evolve over the next decade. Much is yet to be further understood regarding funda-
mentals including optimal energy and protein provision. Hypotheses related to nutri-
tion in the PICU must be tested in well-designed trials. There are many exciting
developments in areas including body composition monitoring via skeletal muscle ul-
trasound, tailoring nutrition provision to influence the microbiome, and combining
nutrition and mobility interventions. Future studies must consider new frameworks,
established consensus priorities and patient-reported outcomes with the shared ulti-
mate goal of improving short- and long-term outcomes of critically ill children via nutri-
tion interventions.

CLINICS CARE POINTS

Nutrition prescriptions should take into account the phase of critical illness.

Nutrition provision should aim to initially meet estimated resting energy expenditure and a
minimum of 1.5 g/kg protein.

e Commence enteral nutrition early unless contraindicated.

Avoid supplemental parenteral nutrition in the first week of PICU admission.

Consider ‘feed modification’ to increase energy and protein provision via feed fortification
(including fortified expressed breast milk), increased powdered formula concentration or
use of increased nutrient density liquid formulas.
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