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Abstract
This article includes a review of protein needs in children during health and illness, as well as a detailed discussion of protein metabolism,
including nitrogen balance during critical illness, and assessment and prescription/delivery of protein to critically ill children. The
determination of protein requirements in children has been difficult and challenging. The protein needs in healthy children should be based
on the amount needed to ensure adequate growth during infancy and childhood. Compared with adults, children require a continuous
supply of nutrients to maintain growth. The protein requirement is expressed in average requirements and dietary reference intake,
which represents values that cover the needs of 97.5% of the population. Critically ill children have an increased protein turnover due
to an increase in whole-body protein synthesis and breakdown with protein degradation leading to loss of lean body mass (LBM) and
development of growth failure, malnutrition, and worse clinical outcomes. The results of protein balance studies in critically ill children
indicate higher protein needs, with infants and younger children requiring higher intakes per body weight compared with older children.
Monitoring the side effects of increased protein intake should be performed. Recent studies found a survival benefit in critically ill
children who received a higher percentage of prescribed energy and protein goal by the enteral route. Future randomized studies should
evaluate the effect of protein dosing in different age groups on patient outcomes, including LBM, muscle structure and function, duration
of mechanical ventilation, intensive care unit and hospital length of stay, and mortality. (Nutr Clin Pract. 2017;32(suppl 1):128S-141S)
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Protein Needs During Growth
Protein turnover is the process of body proteins being continuously degraded and resynthesized. Proteins are folded, 3-dimensional macromolecules composed of amino acids that are in a
constant change and are subject to degradation to free amino
acids. Amino acids cannot be stored and must be incorporated into
protein or be oxidized and lost as nitrogenous products such urea
and ammonia.1–4 Nitrogen constitutes 16% of the weight of a protein; therefore, a factor of 6.25 is used to convert nitrogen to protein. During critical illness, when the energy supply is insufficient
to meet the metabolic demands, protein stores from tissues are
used, undergo degradation, and are oxidized to produce energy.
Nitrogen loss increases dietary amino acid needs to achieve adequate net accretion and maintenance of body protein. Therefore,
the protein needs in children are based on the amounts needed to
replenish amino acids lost during oxidation plus the amount
needed to ensure adequate growth during infancy and childhood.
Protein intake should be adjusted based on the conversion rate of
dietary protein to body proteins or the biological value of protein
after absorption.5,6 In pediatric patients, 58% of dietary protein is
used for growth from 0.5–13 years and 43% from 14–18 years.5
Inadequate protein intake, or diets with low levels of specific
amino acids, may lead to decreased protein synthesis while the
needed amino acids are met through endogenous sources, leading
to protein degradation.5
Determining dietary protein requirements in infants and
children has been difficult, and the methods used are based on a
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Table 1. Protein Requirements in Healthy Children in g/kg/d.
Age, y
0.5
1
1.5
2
3
4–5
6–10
Girls
11–15
16–18
Boys
11–15
16–18

Maintenance
Requirement

Growth
Requirement

Average
Requirement

DRI

0.66
0.66
0.66
0.66
0.66
0.66
0.66

0.27
0.17
0.11
0.08
0.04
0.02
0.05

1.12
0.95
0.85
0.79
0.73
0.69
0.74

1.43
1.18
1.04
0.96
0.90
0.86
0.91

0.66
0.66

0.03
0.01

0.71
0.67

0.88
0.83

0.66
0.66

0.04
0.02

0.73
0.70

0.90
0.86

DRI, dietary reference intake. Adapted from Garlick PJ. Protein requirements
of infants and children. Nestlé Nutrition workshop series. Paediatr Program.
2006;58:39-47. Copyright 2006 Nestec Ltd., Vevey/S. Karger AG, Basel.

biological response to the administration of the specific amino
acid under study.2,7 The methods for determining dietary protein
requirements include nitrogen balance, individual plasma
amino acid levels, direct amino acid oxidation and balance, and
indicator amino acid oxidation and balance.2,3,5–9 Plasma amino
acid levels have not been useful because a plasma level is not a
reflection of the whole metabolic pool for a specific amino acid.
Results of nitrogen balance studies in infants and children have
yielded mixed results. Direct oxidation and balance is limited to
the few amino acids whose carboxyl group is released.2,8,9
Based on these methodological flaws, indicator oxidation and
balance is regarded as the optimal method to determine dietary
indispensable amino acids.2,8,10,11
The expert consensus recommendation for pediatric protein
requirements used the factorial approach because of the limited
data on dietary amino acid requirements based on the indicator
amino acid oxidation and not on nitrogen balance results.2,11
The factorial approach is based on the assumption that the
basal requirements of amino acids are the same at different life
stages and requirements in infants and children are higher than
those in adults because of growth.5,9 The protein requirement
for an individual is the minimum intake of dietary protein that
will cover the needs to ensure adequate age-appropriate growth
rate in the absence of energy deficit from inadequate caloric
intake or excess of physical activity. Protein requirements for
children are expressed as the average requirement and dietary
reference intake (DRI). Protein requirements represent the
amount that will cover the needs of 50% of the population. The
DRI is the amount that covers the needs of at least 97.5% of the
population, which leaves a small proportion of the population
(2.5%) with inadequate protein intakes.2 The protein requirements at different ages are listed in Table 1.
Compared with adults, pediatric patients require a continuous supply of nutrients to maintain growth and in periods of

rapid growth have better utilization of dietary protein and amino
acids released from endogenous protein breakdown.5,11–14
Whole-body protein turnover and muscle breakdown are highest in the neonatal period when tissues are maturing and the
growth rates are highest.6,14,15 In infants and children, an influx
of amino acids to the tissues from the diet rapidly stimulates
protein synthesis and accretion of skeletal muscle mass occurs,
translating into growth.13,16–18 In healthy neonates, muscle protein degradation is not affected by anabolic stimulation of insulin and amino acids, but the degradation slows down as the
infant matures.19–21

Alterations in Protein and Amino Acids
During Critical Illness
Catabolism of body protein due to starvation, immobility,
stress, and inflammation has been described in the critically ill
pediatric patient.22–26 Pediatric intensive care unit (PICU)
patients are a vulnerable population with a high risk of developing low or depleted protein reserves, and chronic illness with
associated malnutrition will increase morbidity and
mortality.27,28 Mechanical ventilation, organ transplantation,
exogenous steroids, sedatives, immunosuppression, organ dysfunction, and life support modalities (continuous renal replacement therapy and extracorporeal support) have been associated
with protein catabolism and a negative nitrogen balance.27,29,30
The nutrition needs of critically ill children should include sufficient protein to avoid negative nitrogen balance and to maintain the lean body mass (LBM) and growth, achieve a positive
protein balance, and thus minimize the chronic state of protein
deficiency.29–32
Postsurgical state, sepsis and inflammation induce endogenous protein breakdown. Skeletal muscle mass release amino
acids in the systemic circulation to supply the substrate for
whole-body protein metabolism.33–35 This response is mediated
by stress hormones, neural mediators, and cytokines and is not
attenuated by additional exogenous protein intake. Circulating
plasma amino acids are cleared from the system for oxidation,
gluconeogenesis, fuel, and substrate for immune cells and
enterocytes. In addition, these circulating amino acids provide
the liver with substrate to synthesize acute-phase reactants. If
the overall energy supply is suboptimal, amino acids may be
oxidized to produce energy,33–35 leading to lower plasma amino
acid concentrations in patients with critical illness.35,36 In critical illness, whole-body protein synthesis is increased and if
dietary protein is not provided in adequate amounts, the
splanchnic bed does not receive amino acids from absorbed
protein. This may result in decreased synthesis of proteins such
as serum albumin and prealbumin and lead to intestinal epithelial breakdown.26,37
Critically ill children have an increased protein turnover
due to an increase in whole-body protein synthesis and breakdown.25,38,39 During inflammatory conditions, there is a
decrease in protein synthesis at the skeletal muscle level and an
increase in protein degradation to shuttle amino acids and
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nitrogen to the tissues.38,40 Protein degradation can be greater
than muscle protein synthesis and create a negative protein balance. A sustained imbalance between muscle protein synthesis
and protein degradation leads to loss of LBM and, if severe
enough, to subsequent development of growth failure in
children.41,42
The cellular protein mass is maintained by a balance
between protein synthesis and degradation. Protein synthesis
occurs by activation of the mammalian target of rapamycin
(mTOR) signaling pathway that stimulates translation of messenger RNA (mRNA) into protein.43,44 Sepsis and inflammation impair the effectiveness of translation of mRNA into
protein at the muscle level, while activating the synthesis pathway at the liver.43–45

Protein Catabolism and Role of Insulin
In contrast to starvation, critical illness may induce a loss of
LBM unresponsive to exogenous nutrition support.41 Even
when amino acids are provided during injury and sepsis, insulin resistance, cortisol, cytokines, inflammatory mediators, and
alterations in growth hormone may limit the physiological
response to protein intake due to decreased anabolic response
to hormones and nutrients at the skeletal muscle level.44,46
Insulin is essential for skeletal muscle protein deposition by
inhibiting muscle protein degradation, stimulating protein synthesis, and improving energy homeostasis.47 Several studies
have found that insulin stimulates skeletal muscle protein synthesis and inhibits muscle protein degradation during critical
illness48,49 but has failed to attenuate whole-body proteolysis
when provided at higher than physiological concentrations, 50,51
due to systemic inflammation and circulating cytokines (ie,
tumor necrosis factor–α).52,53 The beneficial effects of insulin
on whole-body protein metabolism are present only with adequate availability of amino acids,25,50,53,54 related to glucose and
energy homeostasis,42,55 and are associated with stimulation of
translation signaling pathways with a resultant increase in protein synthesis,56 modulation of protein degradation,42,50 and
intrinsic anti-inflammatory effects.57

Role of Amino Acids in the Anabolic
Response
Seventy-five percent of the body’s nitrogen requirement is
supplied by 5 amino acids: leucine, isoleucine, valine, threonine, and lysine.58 Amino acids are anabolic and can stimulate
muscle protein synthesis during basal conditions of insulin
secretion.50 During period of stress, the amino acids alanine,
glutamine, glutamate, and aspartate become gluconeogenic
substrates. Glutamine serves as a fuel for enterocytes and is a
major component in muscle protein, shuttling about one-third
of all nitrogen.59 Arginine is a precursor of nitric oxide and
modulates protein anabolism.60,61 In neonates, citrulline is a
precursor for arginine synthesis at the intestinal level, while in

Nutrition in Clinical Practice 32(Suppl 1)
adults, citrulline released from the small intestine is converted
to arginine in the kidney.59,60 Leucine has a primary anabolic
effect in skeletal muscle and has been used to stimulate nitrogen retention.62,63 Parenteral administration of branched-chain
amino acids (leucine, isoleucine, and valine) have been used in
the critically ill patient with improvement in nutrition status
and outcome.33 To date, the American Society for Parenteral
and Enteral Nutrition (ASPEN) does not recommend the use of
specific amino acid therapies in critically ill children due to a
lack of proven efficacy.64 More studies are needed to understand the use of amino acids for specific therapeutic targets to
modulate pediatric critical illness physiology.38

Assessment of Body Composition and
Protein Turnover During Critical Illness
Critical illness is a condition in which protein requirements,
utilization, and balance are changing rapidly in proportion to
the acute physiologic state.52,53 Clinical examination, weight
for height, body mass index (BMI), and weight velocity can
help to identify risk factors for cachexia, limited muscle mass,
the presence of edema, obesity, and stunted growth.65 The traditional methods that assess body protein stores do not reflect
the changing protein and amino acids needs of the critically ill
child. Fat deposition may determine weight gain in chronically
ill children in response to nutrition support without restitution
of LBM. Skinfold thickness to measure body composition is
inaccurate in children with severe neurologic impairment.66,67
Children have rapid fat accumulation during the first year of
life.16 Excess body fat may hide low or depleted LBM.68–70 In
addition, BMI does not distinguish between alterations in LBM
and body fat in pediatric patients with chronic conditions.66 A
multicenter cohort study reported BMI and outcomes in 1622
mechanically ventilated children; underweight and obesity
were associated with a higher risk of hospital-acquired infections and a lower likelihood of hospital discharge. In addition,
underweight children had a higher risk of mortality and fewer
ventilator-free days.71

Body Composition
Estimations of body composition to measure body protein
reserves have shown that decreases in LBM may exist despite
preserved BMI.70 In contrast to adults, children (including neonates and infants) have high rates of protein turnover and skeletal muscle growth, which is the most important component
and contributor to weight gain and body mass during periods of
rapid growth.19,72–74 In addition, expansion of the fat mass
compartment also occurs rapidly during infancy, thus obscuring the evaluation of LBM.16,68,69 Estimations of LBM and
body fat determination in critically ill children with prolonged
PICU stays can provide valuable information for patient
assessment.75 Body composition measurements have been
used to evaluate protein reserves and assess the response to
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nutrition interventions in critically ill patients.75 Muscle and
LBM have been shown to correlate with disease severity, respiratory endurance, inflammation, and clinical outcomes during
pediatric and adult illness.70,75–77
Body composition techniques, such as dual-energy x-ray
absorptiometry (DXA), computed tomography, and magnetic
resonance imaging, provide information related to tissue density or volume of the protein compartments but lack practicality or validation in the intensive care unit (ICU).65,67,78 Air
displacement plethysmography,79 bioelectrical impedance
analysis (BIA),80 and the use of tracer dilution with stable
isotopes68 may allow measurement of body composition in
critically ill children, but careful consideration should be given
when using these modalities with the presence of major fluid
shifts. These methods need further refinement and validation in
the ICU setting.

Proteins, Amino Acids, and Other Markers
Visceral proteins, including serum albumin, prealbumin, and
retinol-binding protein, are synthetized by the liver in response
to amino acid influx into the circulation, and their serum levels
have been used to evaluate nutrition status.26 Given that 35%–
45% of body mass resides in muscles, circulating levels of visceral proteins do not reflect losses or gains in total body
protein. This is highlighted with protein wasting occurring
despite adequate visceral protein concentrations.6,65 The presence of capillary leak from third-space fluid shifts associated
with postsurgical state or malnutrition limits the interpretation
of plasma concentration of serum visceral proteins, and thus
plasma proteins with a shorter half-life, such as prealbumin
and retinol-binding protein, are better indicators of acute
changes in response to dietary protein intake than proteins with
a longer half-life such as serum albumin.6,22,23,26
C-reactive protein, an acute-phase reactant, helps to evaluate
the liver shift of the synthesis of acute-phase reactants in preference of visceral proteins in response to nutrition support.22,37
Anabolism and catabolism are driven by the systemic inflammatory response and not just by the availability of macronutrients from the diet.29,41,81 Low prealbumin levels, despite
adequate protein intake, may occur in the presence of elevated
plasma C-reactive protein because of the shift in production of
visceral proteins by the liver.82 In normal conditions, serum
urea nitrogen decreases during starvation and increases during
dehydration, renal insufficiency, presence of excessive dietary
protein, and presence of blood in the gastrointestinal (GI) tract.
However, in the ICU patient, circulating serum urea nitrogen
can decline in the presence of decreased muscle mass or be
increased with high protein utilization and acute kidney injury.
Plasma amino acid concentrations are lower in patients with
critical illness and are difficult to interpret due to varying
degrees of injury response; prior existing nutrition, metabolic,
and hemodynamic status; and the distinctiveness of the nutrition intervention.33,35 3-Methylhistidine (3-MH) is an
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important component of the myofibrils that is liberated when
the muscle structure is damaged, and it has been linked to muscle degradation in humans.83,84 3-MH released from muscle is
excreted unchanged in the urine, allowing serums levels to be
used as an indirect measure of skeletal muscle breakdown.85
Similarly, full-length (42-kDa) α-actin is released when the
muscle structure is degraded and has been linked with muscle
damage during injury.86,87 Some investigators have used the
cleaved fraction of α-actin (14 kDa) as an accurate tool to
assess muscle protein degradation in humans.87,88

Nitrogen Balance
A significant negative nitrogen balance has been reported in
critically ill children with hypercatabolic conditions like injury,
trauma, postsurgical condition, or severe sepsis.25,89–100 To
accurately estimate the protein status, nitrogen balance is calculated as nitrogen intake minus nitrogen losses from urine,
stool, skin, and other fluids, including dialysate and thoracic or
abdominal drainage.100–105 Positive protein balance has been
used as an indicator of anabolism and is considered a surrogate
for maintenance of LBM, but it does not imply protein or
amino acid utilization or the degree of protein reserves.
Nitrogen utilization is affected by energy deficits, and protein
can be oxidized for energy in catabolic conditions.42,102,103 In
addition, adequate amounts of energy are required to effectively use the supplemented protein. During critical illness in
children, variable increases in nitrogen intake have improved
nitrogen balance in the first week after admission to the
PICU.90,98,106,107 In the presence of adequate intake of protein
and energy during critical illness, protein synthesis rates are
increased without affecting protein breakdown, leading to
improved protein balance. Therefore, the improvement in protein balance as a result of higher protein synthesis25,94 occurs
despite resulting ongoing losses of body protein; however,
achieving protein balance may not prevent loss of skeletal
muscle mass.108,109
Nitrogen balance has significant limitations in assessing
protein metabolism in the ICU setting. The rapidly changing
physiology during the acute phase does not allow for an accurate steady-state estimation of nitrogen intake, resulting in
inaccurate nitrogen balance calculations.11 Careful evaluation
should be given to studies reporting nitrogen balance calculations based on urinary urea measurements, because excretion
of urea is highly variable in critical illness. In contrast, the
measurement of total urinary nitrogen is superior in this population of patients, resulting in an accurate nitrogen balance estimation.101–103 Because of methodological differences among
clinical studies in critically ill children reporting nitrogen balance, comparisons are difficult with regard to nutrition interventions and clinical outcomes.*

*References 89–92, 94–97, 99, 100, 104, 106, 107, 110–112.
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Tracer Methods
Isotope techniques trace interorgan and systemic movement of
the labeled amino acid, their metabolic fate, and the degree of
incorporation into tissue protein or fluids.113 Tracer methods
can be used to determine whole-body protein balance and synthesis of specific proteins in healthy and ill neonates, children,
and adolescents. The indicator amino acid oxidation model has
been applied to measure the metabolic availability of amino
acid from the diet to determine protein needs. This technique is
based on the concept that when an indispensable amino acid is
deficient, all other amino acids, including the indicator, will be
oxidized. With increasing intake of the limiting amino acid,
oxidation of the indicator amino acid will decrease, reflecting
increasing incorporation into protein. Once the requirement is
met for the limiting amino acid, there will be no further change
in the oxidation of the indicator amino acid, establishing the
breaking point indicating the mean or estimated average
requirement of the tested amino acid.1
Tracer methods have significant limitations in assessing protein metabolism in the ICU setting.114 While these methods are
very accurate to measure protein kinetics, they require specialized equipment and expertise to conduct the studies. Several
authors have reported the use of stable isotopes to assess protein
metabolism and needs in critically ill children.15,25,26,40,54,115,116

Prescription of Protein in the Critically Ill
Child
The prescription of optimal nutrition support therapy during
critical illness requires an individualized assessment of the
risks and benefits associated with the timing, route, and quantity of nutrient intake.117 Malnutrition in critically ill children
has been reported with a prevalence ranging from 24%–
70%29,118–123 with suboptimal nutrition support being prevalent
in many PICUs. Therefore, assessment of the nutrition status
on admission to the PICU is a very important initial step to
provide optimal nutrition support. Adequate protein provision
during critical illness is essential to provide enough substrate
for metabolic purposes and tissue repair and should be based
upon an understanding of protein metabolism, as most recommendations are based on expert opinion. Protein requirements
in critically ill children recommended by ASPEN are higher
than protein recommendations for healthy children by the
World Health Organization (WHO).5,11 Estimated protein
requirements by ASPEN for injured children of various age
groups are as follows: 0–2 years, 2–3 g/kg/d; 2–13 years, 1.5–2
g/kg/d; and 13–18 years, 1.5 g/kg/d; this higher protein provision is intended to meet the higher needs in critical illness.64
Just providing adequate protein intake to maintain nitrogen balance may not prevent whole-body catabolism and loss
of skeletal muscle mass.108,109 Early administration of protein
and energy enriched formula in critically ill infants and
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children has been shown to promote protein balance by
increasing protein synthesis without adverse effects.
Provision of enteral protein above recommended intakes has
been well tolerated without excess amino acid oxidation and
urea formation.15,98,124
Enteral nutrient delivery is the preferred method to provide
protein to replenish the amino acid pool during critical illness.125 The type of protein—amino acids, semi-digested, and
whole protein—in the enteral formulation given to critically ill
children may affect tolerance, absorption, and utilization.
Proteins, such as whey, are rapidly digested and absorbed and
quickly induce an anabolic drive; on the other hand, protein as
casein has a longer enteric transit time, allowing a less robust
but more sustained delivery to the amino acid pool.126,127
Continuous enteral tube feeding with small volume is frequently used in the ICU setting due to better tolerance, but continuous enteral delivery lacks the pulsating effect that a rapid
rise in amino acid level provides with a greater stimulus on
skeletal muscle protein synthesis when intermittent bolus feeding is used.21 Protein-energy enriched formulas have been used
in critically ill infants during the first week after admission to
the PICU and compared with standard formula. These formulas were well tolerated and have improved protein balance and
biochemical parameters.15,90,98,116
Parenteral protein administration is recommended in the
critically ill child when the GI tract is not ready to tolerate
dietary protein. Different specialized amino acid formulations,
such as branched-chain, sulfur, or essential amino acids, may
be indicated for infants to meet specific essential amino acids
requirements.128 Currently, we lack evidence-based recommendations to design an ideal, target-oriented parenteral amino
acid composition for the critically ill child.
The caloric proportions for the nutrition prescription commonly used (50%–60% of calories from carbohydrates, 25%–
35% from protein, and 10%–25% from fat) should be adjusted
based on the nutrition needs of each pediatric patient. Several
authors have recommended that calories provided by protein be
included in the estimations of nutrition requirements and in the
calculation of the calories to nitrogen ratio.129,130 In critical illness, the recommended calorie-to-nitrogen ratio has been suggested around 130–150 kcal/g of nitrogen (1 g of protein = 6.25
g of nitrogen). For critically ill children, protein underfeeding
is more pronounced than caloric underfeeding.28,120–122,131
Currently, patients in the PICU receive <50% of estimated
caloric and protein requirements in the first 10 days of ICU
care.28,121,131,132 Protein underfeeding during critical illness contributes to increased catabolism and decreased LBM in the
already malnourished patient, a situation that is exacerbated in
small infants and children.28,131,133,134 Metabolic utilization rate
of macronutrients, dynamic changes in protein requirements,
variation in nutrition practice, and protein cumulative deficits
should be considered when providing protein support during
critical illness.114

Coss-Bu et al

Clinical Studies
Multiple studies in infants, children, and adolescents have
reported protein prescription practices and protein balance
results in different clinical conditions, including neonates on
extracorporeal life support,54,115 surgical infants,135–138 postsurgical repair of congenital heart disease,92,97,116,139–141 children
with acute kidney injury on continuous renal replacement therapy or hemodialysis,100,104,105,120 and critically ill children
admitted to the PICU (Table 2).26,28,97,110,124,131,142
The goals of nutrition support during the acute phase of
critical illness are to provide adequate substrate intake to mitigate the effects of the catabolic response and preserve LBM.
To achieve these goals, it is necessary to supply adequate
energy and protein, but the question of how much protein and
energy are needed to achieve balance in various age groups
remains unclear. A systematic review by Bechard et al143 analyzed protein balance results in children <18 years of age and
receiving mechanical ventilation. A total of 9 studies with 347
patients were included in this review, 5 of which were randomized controlled trials comparing different levels of protein
intakes. The study found that a minimum intake of 57 kcal/
kg/d and 1.5 g/kg/d of protein was required to achieve a positive protein balance.
Based on results from the studies listed in Table 2, the following observations can be made. Infants and children 0–2
years of age who received EN15,90,95,98,107,116 had negative protein balance when protein intake was <1 g/kg/d, protein balance was positive in children who received protein intakes of
~3 g/kg/d, and the protein balance was even more positive
when protein intake was ~5 g/kg/d. For children with protein
intakes of ≥3 g/kg/d, the serum urea nitrogen values reported
were twice as high as the values reported for children with
intakes <2 g/kg/d.98,116,144 Children aged 2–13 years who
received EN106,145 had positive protein balance with protein
intakes of at least 2 g/kg/d, while the children who received
PN94,100,111 had negative protein balance with protein intakes of
~2 g/kg/d. The study by Verbruggen et al25 found that children
13–18 years of age who received PN had a positive protein balance with protein intake of ~3 g/kg/d. Three conclusions can be
made from these findings: (1) there is an association between
age and protein intake, 2) higher protein intakes per body
weight are necessary in infants and young children to achieve
a positive protein balance compared with older children and
adolescents, and (3) protein intake given via the enteral route
appears to be more efficient in achieving a positive protein balance than similar protein intakes by the parenteral route. It is
important to mention important limitations from these studies.
The first is that 3 studies measured total urinary nitrogen
(TUN), 7 studies measured urea urinary nitrogen (UUN), and 1
used the combustion method. The other 3 studies measured
protein balance based on whole-body kinetics of 3 different
amino acids. The second limitation is the correction factor used
to account for skin and stool losses. These differences in
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method could have introduced an error in the protein balance
calculation, therefore limiting the interpretation of the results.
Cited reasons for inadequate protein intake in the critically
ill child are fluid restriction, low prescription practices, no use
of feeding algorithms, and acute kidney injury (AKI).
Underprescription of protein intake is common in critically ill
children with AKI. A retrospective study of 195 children from
the Prospective Pediatric Continuous Renal Replacement
Therapy Registry105 reported an average protein prescription of
1.3 ± 1.5 g/kg/d at initiation of continuous renal replacement
therapy (CRRT). A subsequent study of 15 children with renal
failure by Zappitelli et al100 found that CRRT nitrogen losses
corresponded to 20% of intake, indicating that prescription
doses should account for losses during CRRT. A recent study
by Kyle et al146 of 520 children admitted to the PICU found no
association of a higher protein intake (≥80% of recommended)
and a delay in renal recovery, suggesting no harmful effect of
adequate protein intake in this population. A Cochrane review
found insufficient evidence for or against the need for nutrition
support in children during the first week of critical illness,
mainly because the appropriate studies had not been performed.147 Faced with a paucity of evidence,148,149 the assumption for the latter is commonplace in PICUs across the United
States and internationally. Delays in EN initiation are common
in PICUs, as are multiple long interruptions that further defer
achievement of goal nutrition.28,117,131,150 An international prospective cohort study of 500 patients, aged 1 month to 18 years
and on mechanical ventilation for greater than 48 hours in 31
PICUs in academic hospitals,28 reported an average prescribed
protein intake of 1.7 ± 0.7 g/kg/d and an actual average protein
intake of 61% ± 94% (enteral and parenteral routes) and 43% ±
44% (enteral route) of prescribed, respectively. EN was used in
67% of children and was initiated within 48 hours in most
patients. However, EN was subsequently interrupted on average for at least 2 days in 71% of the patients. A higher percentage of goal energy intake via the EN route was significantly
associated with lower 60-day mortality. Mortality was also
higher in children who received PN, while patients admitted to
a unit that used a feeding protocol had a lower prevalence of
acquired infections, and mortality was independently associated with the amount of energy or protein intake.
The impact of protein intake on clinical outcomes in critically ill children remains unclear, in view of the challenges
of delivering adequate protein at the bedside. A recent prospective, multicenter study by Mehta et al131 (n = 1245 critically ill children, aged 1 month to 18 years, who required
mechanical ventilation for ≥48 hours) examined the association between protein intake and mortality. Average energy
and protein of 69 ± 28 kcal/kg/d and 1.9 ± 0.7 g/kg/d, respectively, were prescribed. The mean delivery of enteral energy
and protein was 36% ± 35% and 37% ± 28%, respectively. In
relation to mean enteral protein intake <20%, intake ≥60%
of the prescribed goal was associated with an odds ratio of
0.14 (95% confidence interval [CI], 0.04–0.52; P = .003) for
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N = 20; age 2.7 ± 2.2 (mean ± SD) months;
HPF (n = 8); 3.0 ± 2.7 STF (n = 10)
Patients with RSV on MV and EN
N = 15, age 7.7 ± 6.7 (mean ± SD) years;
critically ill children receiving PN and
CVVHD
N = 40; age 127 ± 51 (mean ± SD) months
for HPF (n = 20), 112 ± 95 for STF (n =
20); MV with TBI on EN
N = 50; age 116 ± 48 (mean ± SD) months
for HPF (n = 25), 93 ± 47 for STF (n =
25), MV for 5 days and receiving EN
N = 71, median age 54 (IQR, 24–120)
months; MV for 5 days and receiving EN
on day 1 PICU
N = 33; age 5.5 ± 5.3 (mean ± SD) years;
patients on MV and receiving PN; energy
needs by IC
N = 36; median age 10 (IQR, 2–25)
months; patients on MV and receiving
PN or EN

Zappitelli et al, 2009,100 prospective observational study

Briassoulis et al, 2006,106 RCT

Briassoulis et al, 2005,91 RCT

Briassoulis et al, 2002,145 noncontrolled trial

Coss-Bu et al, 2001,94 cross-sectional observational study

Joosten et al, 1999,95 cross-sectional observational study

N = 74; mean age 21 months (95% CI,
4–35)
MV for at least 72 hours
69 patients receiving EN
N = 41; median age 7 months (IQR, 3–13);
21 patients to STF, 20 to HPF; MV for at
least 72 hours on EN

Participants/Population

van Waardenburg et al, 2009,98 RCT

Botran et al, 2011,90 RCT

Nitrogen balance method
Jotterand Chaparro et al, 2016,107 prospective observational
study

Author/Study Design

Table 2. Studies Examining the Role of Macronutrient Intake on Protein Balance.a

62 ± 29 (SD)

59.7 ± 33

–0.9 ± 1.4 STF
–6 ± 21 HPF
Intake difference from
days 1–5
22 ± 9.3 day 1
66 ± 23 day 5

62 mean STF day 5
57 mean HPF day 5

42.4 (29.8–65) IQR
Day 2

82 ± 18 STF day 5
112 ± 58 HPF day 5

68 (56–72) STF day 5
77 (66–93) HPF day 5

48 (46–51)

Energy Intake, kcal/kg/d

1.6 ± 1.2

2.1 ± 1

–0.06 ± 0.71 STF
–0.30 ± 28 HPF
Intake difference
from days 1–5
0.69 ± 0.25 day 1
1.9 ± 0.59 day 5

2.2 mean STF
2.5 mean HPF

2.09 (1.0–2.6) IQR
Day 2

1.5 ± 0.4 STF
2.8 ± 1.3 HPF

1.5 (1.3–2.1) STF
3.1 (2.6–3.4) HPF

1.2 (1.2–1.3)

Protein Intake, g/kg/d
–0.05 (–0.05 to –0.03)
TUN was measured
Balance corrected for
fecal and skin losses
–0.4 (–1.1 to –0.1) STF
0.5 (–0.6 to 0.80) HPF
UUN was measured and
converted to TUN
0.12 ± 1.0 STF
0.29 ± 1.8 HPF
UUN was measured and
converted to TUN
–0.22 (–0.4 to –0.2) IQR
Day 2
Nitrogen measured by
combustion method
0.15 ± 0.38 STF
0.25 ± 0.63 HPF
UUN was measured and
converted to TUN
–0.06 ± 0.28 STF day 5
0.07 ± 0.49 HPF day 5
UUN was measured and
converted to TUN
–0.26 ± 0.17 day 1
0.03 ± 0.17 day 5
UUN was measured and
converted to TUN
–0.89 ± 0.17
TUN was measured
Balance corrected for
fecal and skin losses
0.10 ± 1.1
UUN was measured and
converted to TUN

Protein Balance, g/kg/d

(continued)

Protein and energy balance
reached with 2.2 g/kg/d and 78
kcal/kg/d

94.4% of patients reached
nutrition goals
Early EN improves NB in the
first 5 days
Patients with a (+) NB had
positive energy balance and
protein intake of 2.8 g/kg/d

No differences in NB on day 5
between the 2 groups

NB was (+) on day 5 in 70%
of pts. in HPF group vs. 31%
in STF group

Children on CVVHD had (–)
NB on day 2, likely due to low
caloric and protein intake

Higher energy and protein intake
promotes a (+) NB
Higher SUN in HPF group

NB was (+) for HPF group and
(–) for STF group on day 5
Higher SUN in HPF group

Protein and energy balance
reached with 1.5 g/kg/d and 58
kcal/kg/d

Comments

135S

111

cross-sectional observational study

N = 18; age 2.7 ± 1.4 (mean ± SD) months
(n = 8) for HPF, 2.9 ± 1.8 months for STF
(n = 10)
Patients with RSV on MV and EN

de Betue et al, 2011,15 RCT

84 ± 15 STF day 5
119 ± 25 HPF day 5

32.7 ± 10 SAA PN
37.8 ± 10 HAA PN

85 (79–92) STF
84 (70–87) HPF

33 ± 9 PN day 1
25 ± 15 IVF day 1

49 ± 22

Energy Intake, kcal/kg/d

1.7 ± 0.2
3.1 ± 0.3

1.5 ± 0.2
2.8 ± 0.4

2.0 (1.8–2.1)
4.7 (4.3–5.0)

0.8 ± 0.10

1.7 ± 0.78

Protein Intake, g/kg/d

Protein Balance, g/kg/d

0.78 (–0.65 to 2.0)
1.73 (–2.35 to 5.6)
Based on whole-body
valine kinetics
–0.4 ± 1.0
0.3 ± 1.0
Based on whole-body
leucine kinetics
0.02 ± 0.6
0.73 ± 0.5
Based on whole-body
phenylalanine kinetics

–0.12 ± 0.15
TUN was measured
Balance corrected for
fecal and skin losses
–0.11 ± 0.08 PN
–0.24 ± 0.08 IVF
UUN was measured and
converted to TUN

Comments

Single-center study
Higher protein and energy
intakes promote anabolism

Underpowered study; possibly
the surplus protein was
oxidized
Higher SUN in HPF
Single-center study
Protein intake of 3 g/kg/d was
needed to reach balance

Single-center study
PN can improve NB on day 1,
after surgery in infants with
CHD

REE higher 48% than BMR;
NB correlated with energy and
protein intake and age

BMR, basal metabolic rate; CHD, congenital heart disease; CVVHD, continuous veno-veno hemodialysis; EN, enteral nutrition; HAA, high amino acid content; HPF, high-protein formula; IC, indirect calorimetry; IVF, intravenous
fluids with dextrose; IQR, interquartile range; MV, mechanical ventilation; NB, nitrogen balance; PICU, pediatric intensive care unit; PN, parenteral nutrition; RCT, randomized controlled trial; REE, resting energy expenditure;
RSV, respiratory syncytial virus; SAA, standard amino acid content; STF, standard formula; SUN, serum urea nitrogen; TBI, traumatic brain injury; TUN, total urinary nitrogen; UUN, urea urinary nitrogen.
a
Values are mean ± SD, median (IQR), or otherwise indicated.

N = 9; age 15 ± 1.2 (mean ± SD) years;
patients had diagnosis of sepsis or septic
shock on PN (SAA vs HAA)

N = 28; median age 9 (IQR, 3–15) months;
postsurgical infants for CHD on EN,
day 1

N = 37, age 6 ± 3 (mean ± SD) months
for PN (n = 19), 8 ± 3 for IVF (n = 18),
surgical infants for CHD

N = 19; age 8 ± 6 (mean ± SD) years;
patients on MV and receiving PN; energy
needs by IC

Participants/Population

Verbruggen et al, 2011,25 randomized, crossover trial

Stable isotope method
Geukers et al, 2015,116 RCT

Chaloupecky et al, 1997,92 RCT

Coss-Bu et al, 1998,

Author/Study Design

Table 2. (continued)
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60-day mortality. Early initiation, postpyloric route, shorter
interruptions, larger PICU size, and a dedicated dietitian in
the PICU were associated with higher enteral protein delivery. A significant dose response for this association was documented, and the effect on mortality was independent of
energy intake and most striking in patients with a higher
severity of illness. These data suggest that the influence of
enteral protein delivery may have a greater impact on important clinical outcomes than overall calories delivered, which
is an observation that warrants further study. In addition, this
study highlights the importance of implementing strategies
at the bedside to increase delivery of enteral protein in critically ill children.
In conclusion, the determination of dietary protein requirements in infants and children is difficult and challenging. The
protein needs in healthy children should be based on the
amounts needed to ensure adequate growth during infancy and
childhood, and children require a continuous supply of nutrients for growth. The protein requirements are expressed as an
average requirement and dietary reference intake, the last one
representing values that will cover the needs of 97.5% of the
population. Critically ill children have an increased protein
turnover due to an increase in whole-body protein synthesis
and breakdown with protein degradation leading to loss of
LBM and subsequent development of growth failure, malnutrition, and negative outcomes. The results of protein balance
studies in critically ill children indicate higher protein needs,
but close monitoring of the side effects of increasing protein
intakes, particularly increased uremia and acidosis, should be
done frequently. Recent studies found a survival benefit in
critically ill children who received a higher percentage of prescribed dietary energy and protein goal by the enteral route.
Future randomized controlled studies should evaluate the
effect of protein dose on important patient outcomes, including
LBM, muscle structure and function, duration of mechanical
ventilation, ICU and hospital length of stay, and mortality in
different age groups.

Statement of Authorship
J. A. Coss-Bu, J. Hamilton-Reeves, J. J. Patel, C. R. Morris, and
R. T. Hurt contributed to conception/design of the manuscript;
contributed to acquisition, analysis, or interpretation of the data;
drafted the manuscript; critically revised the manuscript; agree
to be fully accountable for ensuring the integrity and accuracy of
the work; and read and approved the final manuscript.

References
1.		Elango R, Ball RO, Pencharz PB. Indicator amino acid oxidation: concept
and application. J Nutr. 2008;138(2):243-246.
2.		Garlick PJ. Protein requirements of infants and children. Paediatr Program.
2006;58:39-50.
3.		Bresson JL. Protein and energy requirements in healthy and ill paediatric
patients. Baillieres Clin Gastroenterol. 1998;12(4):631-645.
4.		Pillai RR, Kurpad AV. Amino acid requirements in children and the elderly
population. Br J Nutr. 2012;108(suppl 2):S44-S49.
5.		
Institute of Medicine. Dietary Reference Intakes for Energy,
Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino

Nutrition in Clinical Practice 32(Suppl 1)
		Acids (Macronutrients). Washington, DC: The National Academies
Press; 2005.
6. Kleinman RE, Greer FR. Protein. Pediatric Nutrition. 7th ed. Elk Grove
Village, IL: American Academy of Pediatrics; 2014:369-383.
7. Pencharz PB, Ball RO. Amino acid needs for early growth and development. J Nutr. 2004;134(6)(suppl):1566S-1568S.
8. Pencharz PB, Ball RO. Different approaches to define individual amino
acid requirements. Annu Rev Nutr. 2003;23:101-116.
9. Pencharz PB, Ball RO. Amino acid requirements of infants and children.
Paediatr Program. 2006;58:109-116.
10. van Goudoever JB. 1.3.3 Protein. 1.3 Nutritional needs. World Rev Nutr
Diet. 2015;113:41-45.
11. Protein and amino acid requirements in human nutrition. World Health
Organ Tech Rep Ser. 2007(935):1-265.
12. Orellana R, Coss-Bu JA. Impact of infection? Nutrient interactions in
infants, children, and adolescents. In: Pammi M, Vallejo JG, Abrams SA,
eds. Nutrition-Infection Interactions and Impacts on Human Health. Boca
Raton, FL: CRC Press; 2014:333-356.
13. Thivierge MC, Bush JA, Suryawan A, et al. Positive net movements of
amino acids in the hindlimb after overnight food deprivation contribute to
sustaining the elevated anabolism of neonatal pigs. J Appl Physiol (1985).
2008;105(6):1959-1966.
14. Waterlow JC, Jackson AA. Nutrition and protein turnover in man. Br Med
Bull. 1981;37(1):5-10.
15. de Betue CT, van Waardenburg DA, Deutz NE, et al. Increased proteinenergy intake promotes anabolism in critically ill infants with viral bronchiolitis: a double-blind randomised controlled trial. Arch Dis Child.
2011;96(9):817-822.
16. Butte NF, Hopkinson JM, Wong WW, Smith EO, Ellis KJ. Body composition during the first 2 years of life: an updated reference. Pediatr Res.
2000;47(5):578-585.
17. Denne SC, Kalhan SC. Leucine metabolism in human newborns. Am J
Physiol. 1987;253(6, pt 1):E608-E615.
18. Denne SC, Rossi EM, Kalhan SC. Leucine kinetics during feeding in normal newborns. Pediatr Res. 1991;30(1):23-27.
19. Davis TA, Fiorotto ML. Regulation of muscle growth in neonates. Curr
Opin Clin Nutr Metab Care. 2009;12(1):78-85.
20. Davis TA, Suryawan A, Orellana RA, Nguyen HV, Fiorotto ML.
Postnatal ontogeny of skeletal muscle protein synthesis in pigs. J Anim
Sci. 2008;86(14)(suppl):E13-E18.
21. El-Kadi SW, Suryawan A, Gazzaneo MC, et al. Anabolic signaling and
protein deposition are enhanced by intermittent compared with continuous
feeding in skeletal muscle of neonates. Am J Physiol Endocrinol Metab.
2012;302(6):E674-E686.
22. Delgado AF, Okay TS, Leone C, Nichols B, Del Negro GM, Vaz FA.
Hospital malnutrition and inflammatory response in critically ill children
and adolescents admitted to a tertiary intensive care unit. Clinics (Sao
Paulo). 2008;63(3):357-362.
23. Hulst JM, van Goudoever JB, Zimmermann LJ, Tibboel D, Joosten KF.
The role of initial monitoring of routine biochemical nutritional markers
in critically ill children. J Nutr Biochem. 2006;17(1):57-62.
24. Leite HP, Fisberg M, de Carvalho WB, de Camargo Carvalho AC. Serum
albumin and clinical outcome in pediatric cardiac surgery. Nutrition.
2005;21(5):553-558.
25. Verbruggen SC, Coss-Bu J, Wu M, et al. Current recommended parenteral protein intakes do not support protein synthesis in critically ill septic,
insulin-resistant adolescents with tight glucose control. Crit Care Med.
2011;39(11):2518-2525.
26. Verbruggen SC, Schierbeek H, Coss-Bu J, Joosten KF, Castillo L, van
Goudoever JB. Albumin synthesis rates in post-surgical infants and septic adolescents: influence of amino acids, energy, and insulin. Clin Nutr.
2011;30(4):469-477.
27. Edwards JD, Houtrow AJ, Vasilevskis EE, et al. Chronic conditions
among children admitted to U.S. pediatric intensive care units: their prevalence and impact on risk for mortality and prolonged length of stay. Crit
Care Med. 2012;40(7):2196-2203.

Coss-Bu et al
28. Mehta NM, Bechard LJ, Cahill N, et al. Nutritional practices and their
relationship to clinical outcomes in critically ill children—an international
multicenter cohort study. Crit Care Med. 2012;40(7):2204-2211.
29. Hulst J, Joosten K, Zimmermann L, et al. Malnutrition in critically
ill children: from admission to 6 months after discharge. Clin Nutr.
2004;23(2):223-232.
30. Hulst JM, van Goudoever JB, Zimmermann LJ, et al. The effect of cumulative energy and protein deficiency on anthropometric parameters in a
pediatric ICU population. Clin Nutr. 2004;23(6):1381-1389.
31. Coss-Bu JA, Mehta NM. Energy metabolism. In: Caballero B, Finglas
PM, Toldrá F, eds. Encyclopedia of Food and Health. Oxford, UK:
Academic Press; 2016:503-510.
32. Hulst JM, Joosten KF, Tibboel D, van Goudoever JB. Causes and consequences of inadequate substrate supply to pediatric ICU patients. Curr
Opin Clin Nutr Metab Care. 2006;9(3):297-303.
33. De Bandt JP, Cynober L. Therapeutic use of branched-chain amino acids in
burn, trauma, and sepsis. J Nutr. 2006;136(1)(suppl):308S-313S.
34. Hasselgren PO, Fischer JE. Sepsis: stimulation of energy-dependent protein breakdown resulting in protein loss in skeletal muscle. World J Surg.
1998;22(2):203-208.
35. Hoffer LJ, Bistrian BR. Appropriate protein provision in critical illness: a
systematic and narrative review. Am J Clin Nutr. 2012;96(3):591-600.
36. Druml W, Heinzel G, Kleinberger G. Amino acid kinetics in patients with
sepsis. Am J Clin Nutr. 2001;73(5):908-913.
37. Schreiber G, Howlett G, Nagashima M, et al. The acute phase response of
plasma protein synthesis during experimental inflammation. J Biol Chem.
1982;257(17):10271-10277.
38. Pierro A, Eaton S. Metabolism and nutrition in the surgical neonate. Semin
Pediatr Surg. 2008;17(4):276-284.
39. van Waardenburg DA, Deutz NE, Hoos MB, et al. Assessment of whole
body protein metabolism in critically ill children: can we use the [15N]
glycine single oral dose method? Clin Nutr. 2004;23(2):153-160.
40. Verbruggen S, Sy J, Gordon WE, et al. Ontogeny of methionine utilization
and splanchnic uptake in critically ill children. Am J Physiol Endocrinol
Metab. 2009;297(5):E1046-E1055.
41. Evans WJ, Morley JE, Argiles J, et al. Cachexia: a new definition. Clin
Nutr. 2008;27(6):793-799.
42. Wolfe RR. Regulation of skeletal muscle protein metabolism in catabolic
states. Curr Opin Clin Nutr Metab Care. 2005;8(1):61-65.
43. Suryawan A, Jeyapalan AS, Orellana RA, Wilson FA, Nguyen HV, Davis
TA. Leucine stimulates protein synthesis in skeletal muscle of neonatal
pigs by enhancing mTORC1 activation. Am J Physiol Endocrinol Metab.
2008;295(4):E868-E875.
44. Lang CH, Frost RA, Vary TC. Regulation of muscle protein synthesis during sepsis and inflammation. Am J Physiol Endocrinol Metab.
2007;293(2):E453-E459.
45. Orellana RA, Suryawan A, Kimball SR, et al. Insulin signaling in skeletal muscle and liver of neonatal pigs during endotoxemia. Pediatr Res.
2008;64(5):505-510.
46. Teng Chung T, Hinds CJ. Treatment with GH and IGF-1 in critical illness.
Crit Care Clin. 2006;22(1):29-40, vi.
47. Dioguardi FS. Wasting and the substrate-to-energy controlled pathway: a role for insulin resistance and amino acids. Am J Cardiol. 22
2004;93(8A):6A-12A.
48. Biolo G, Declan Fleming RY, Wolfe RR. Physiologic hyperinsulinemia
stimulates protein synthesis and enhances transport of selected amino
acids in human skeletal muscle. J Clin Invest. 1995;95(2):811-819.
49. Gore DC, Wolf SE, Sanford AP, Herndon DN, Wolfe RR. Extremity
hyperinsulinemia stimulates muscle protein synthesis in severely
injured patients. Am J Physiol Endocrinol Metab. 2004;286(4):
E529-E534.
50. Greenhaff PL, Karagounis LG, Peirce N, et al. Disassociation between
the effects of amino acids and insulin on signaling, ubiquitin ligases,
and protein turnover in human muscle. Am J Physiol Endocrinol Metab.
2008;295(3):E595-E604.

137S
51. Whyte MB, Jackson NC, Shojaee-Moradie F, et al. Metabolic effects of
intensive insulin therapy in critically ill patients. Am J Physiol Endocrinol
Metab. 2010;298(3):E697-E705.
52. Das UN. Current advances in sepsis and septic shock with particular emphasis on the role of insulin. Med Sci Monit. 2003;9(8):
RA181-RA192.
53. Dhar A, Castillo L. Insulin resistance in critical illness. Curr Opin Pediatr.
2011;23(3):269-274.
54. Agus MS, Javid PJ, Piper HG, et al. The effect of insulin infusion upon
protein metabolism in neonates on extracorporeal life support. Ann Surg.
2006;244(4):536-544.
55. del Aguila LF, Claffey KP, Kirwan JP. TNF-alpha impairs insulin signaling and insulin stimulation of glucose uptake in C2C12 muscle cells. Am J
Physiol. 1999;276(5, pt 1):E849-E855.
56. Orellana RA, Kimball SR, Suryawan A, et al. Insulin stimulates muscle
protein synthesis in neonates during endotoxemia despite repression
of translation initiation. Am J Physiol Endocrinol Metab. 2007;292(2):
E629-E636.
57. Perseghin G, Petersen K, Shulman GI. Cellular mechanism of insulin
resistance: potential links with inflammation. Int J Obes Relat Metab
Disord. 2003;27(suppl 3):S6-S11.
58. Young VR, Bier DM. Amino acid requirements in the adult human: how
well do we know them? J Nutr. 1987;117(8):1484-1487.
59. Wu G. Amino acids: metabolism, functions, and nutrition. Amino Acids.
2009;37(1):1-17.
60. Argaman Z, Young VR, Noviski N, et al. Arginine and nitric oxide
metabolism in critically ill septic pediatric patients. Crit Care Med.
2003;31(2):591-597.
61. Beale RJ, Sherry T, Lei K, et al. Early enteral supplementation with key
pharmaconutrients improves Sequential Organ Failure Assessment score
in critically ill patients with sepsis: outcome of a randomized, controlled,
double-blind trial. Crit Care Med. 2008;36(1):131-144.
62. Kovarik M, Muthny T, Sispera L, Holecek M. Effects of betahydroxy-beta-methylbutyrate treatment in different types of skeletal muscle of intact and septic rats. J Physiol Biochem. 2010;66(4):
311-319.
63. Wilson FA, Suryawan A, Gazzaneo MC, Orellana RA, Nguyen HV, Davis
TA. Stimulation of muscle protein synthesis by prolonged parenteral infusion of leucine is dependent on amino acid availability in neonatal pigs. J
Nutr. 2010;140(2):264-270.
64. Mehta NM, Compher C.A.S.P.E.N. Clinical guidelines: nutrition support of the critically ill child. JPEN J Parenter Enteral Nutr. 2009;33(3):
260-276.
65. Orellana R, Kyle UG, Coss-Bu JA. Nutritional assessment and feeding
in the ICU. In: Stockwell JA, Preissig CM, eds. Comprehensive Critical
Care: Pediatric. Mount Prospect, IL: Society of Critical Care Medicine;
2012:931-948.
66. King SJ, Nyulasi IB, Strauss BJ, Kotsimbos T, Bailey M, Wilson JW. Fatfree mass depletion in cystic fibrosis: associated with lung disease severity
but poorly detected by body mass index. Nutrition. 2010;26(7-8):753-759.
67. Rieken R, van Goudoever JB, Schierbeek H, et al. Measuring body composition
and energy expenditure in children with severe neurologic impairment and
intellectual disability. Am J Clin Nutr. 2011;94(3):759-766.
68. Ellis KJ. Human body composition: in vivo methods. Physiol Rev.
2000;80(2):649-680.
69. Ellis KJ, Shypailo RJ, Abrams SA, Wong WW. The reference child and
adolescent models of body composition: a contemporary comparison. Ann
N Y Acad Sci. 2000;904:374-382.
70. Engelen MP, Schroder R, Van der Hoorn K, Deutz NE, Com G. Use of
body mass index percentile to identify fat-free mass depletion in children
with cystic fibrosis. Clin Nutr. 2012;31(6):927-933.
71. Bechard LJ, Duggan C, Touger-Decker R, et al. Nutritional status
based on body mass index is associated with morbidity and mortality in
mechanically ventilated critically ill children in the PICU. Crit Care Med.
2016;44(8):1530-1537.

138S
72. Jordan PN, Hall KD. Dynamic coordination of macronutrient balance during infant growth: insights from a mathematical model. Am J Clin Nutr.
2008;87(3):692-703.
73. Martinez EE, Smallwood CD, Bechard LJ, Graham RJ, Mehta NM.
Metabolic assessment and individualized nutrition in children dependent
on mechanical ventilation at home. J Pediatr. 2015;166(2):350-357.
74. Mehta NM, Raphael B, Guteirrez IM, et al. Comparison of body composition assessment methods in pediatric intestinal failure. J Pediatr
Gastroenterol Nutr. 2014;59(1):99-105.
75. Plank LD, Hill GL. Similarity of changes in body composition in intensive
care patients following severe sepsis or major blunt injury. Ann N Y Acad
Sci. 2000;904:592-602.
76. Ionescu AA, Evans WD, Pettit RJ, Nixon LS, Stone MD, Shale DJ.
Hidden depletion of fat-free mass and bone mineral density in adults with
cystic fibrosis. Chest. 2003;124(6):2220-2228.
77. Thomson MA, Quirk P, Swanson CE, et al. Nutritional growth retardation is associated with defective lung growth in cystic fibrosis: a preventable determinant of progressive pulmonary dysfunction. Nutrition.
1995;11(4):350-354.
78. Feferbaum R, Delgado AF, Zamberlan P, Leone C. Challenges of nutritional assessment in pediatric ICU. Curr Opin Clin Nutr Metab Care.
2009;12(3):245-250.
79. Rosendale RP, Bartok CJ. Air-displacement plethysmography for the
measurement of body composition in children aged 6-48 months. Pediatr
Res. 2012;71(3):299-304.
80. Kyle UG, Earthman CP, Pichard C, Coss-Bu JA. Body composition
during growth in children: limitations and perspectives of bioelectrical
impedance analysis. Eur J Clin Nutr. 2015;69(12):1298-1305.
81. Cerra FB, Benitez MR, Blackburn GL, et al. Applied nutrition in ICU
patients: a consensus statement of the American College of Chest
Physicians. Chest. 1997;111(3):769-778.
82. Briassoulis G, Venkataraman S, Thompson A. Cytokines and metabolic
patterns in pediatric patients with critical illness. Clin Dev Immunol.
2010;2010:354047.
83. Rathmacher JA, Nissen SL. Development and application of a compartmental model of 3-methylhistidine metabolism in humans and domestic
animals. Adv Exp Med Biol. 1998;445:303-324.
84. Vesali RF, Klaude M, Thunblad L, Rooyackers OE, Wernerman J.
Contractile protein breakdown in human leg skeletal muscle as estimated
by [2H3]-3-methylhistidine: a new method. Metabolism. 2004;53(8):10761080.
85. Rathmacher JA, Nissen SL, Paxton RE, Anderson DB. Estimation of
3-methylhistidine production in pigs by compartmental analysis. J Anim
Sci. 1996;74(1):46-56.
86. Martinez-Amat A, Boulaiz H, Prados J, et al. Release of alpha-actin into
serum after skeletal muscle damage. Br J Sports Med. 2005;39(11):830-834.
87. Workeneh BT, Mitch WE. Review of muscle wasting associated with
chronic kidney disease. Am J Clin Nutr. 2010;91(4):1128S-1132S.
88. Workeneh BT, Rondon-Berrios H, Zhang L, et al. Development of a diagnostic
method for detecting increased muscle protein degradation in patients with
catabolic conditions. J Am Soc Nephrol. 2006;17(11):3233-3239.
89. Andrassy RJ, Dubois T. Modified injury severity scale and concurrent
steroid therapy: independent correlates of negative nitrogen balance in
pediatric trauma. J Pediatr Surg. 1985;20(6):799-802.
90. Botran M, Lopez-Herce J, Mencia S, Urbano J, Solana MJ, Garcia A.
Enteral nutrition in the critically ill child: comparison of standard and
protein-enriched diets. J Pediatr. 2011;159(1):27-32.e21.
91. Briassoulis G, Filippou O, Hatzi E, Papassotiriou I, Hatzis T. Early enteral
administration of immunonutrition in critically ill children: results of a
blinded randomized controlled clinical trial. Nutrition. 2005;21(7-8):
799-807.
92. Chaloupecky V, Hucin B, Tlaskal T, et al. Nitrogen balance, 3-methylhistidine excretion, and plasma amino acid profile in infants after cardiac
operations for congenital heart defects: the effect of early nutritional support. J Thorac Cardiovasc Surg. 1997;114(6):1053-1060.

Nutrition in Clinical Practice 32(Suppl 1)
93. Coss-Bu JA, Jefferson LS, Levy ML, Walding D, David Y, Klish WJ.
Nutrition requirements in patients with toxic epidermal necrolysis. Nutr
Clin Pract. 1997;12(2):81-84.
94. Coss-Bu JA, Klish WJ, Walding D, Stein F, Smith EO, Jefferson LS.
Energy metabolism, nitrogen balance, and substrate utilization in critically ill children. Am J Clin Nutr. 2001;74(5):664-669.
95. Joosten KF, Verhoeven JJ, Hazelzet JA. Energy expenditure and
substrate utilization in mechanically ventilated children. Nutrition.
1999;15(6):444-448.
96. Leite HP, de Carvalho WB, Fisberg M. Nutritional and metabolic
assessment of critically ill children. Sao Paulo Med J. 1996;114(3):
1156-1161.
97. Teixeira-Cintra MA, Monteiro JP, Tremeschin M, Trevilato TM,
Halperin ML, Carlotti AP. Monitoring of protein catabolism in neonates
and young infants post-cardiac surgery. Acta Paediatr. 2011;100(7):
977-982.
98. van Waardenburg DA, de Betue CT, Goudoever JB, Zimmermann LJ,
Joosten KF. Critically ill infants benefit from early administration of
protein and energy-enriched formula: a randomized controlled trial. Clin
Nutr. 2009;28(3):249-255.
99. Weber TR, Shah M, Stephens C, Tracy T Jr. Nitrogen balance in patients
treated with extracorporeal membrane oxygenation. J Pediatr Surg.
1993;28(7):906-908.
100. Zappitelli M, Juarez M, Castillo L, Coss-Bu J, Goldstein SL. Continuous
renal replacement therapy amino acid, trace metal and folate clearance in
critically ill children. Intensive Care Med. 2009;35(4):698-706.
101. Boehm KA, Helms RA, Storm MC. Assessing the validity of adjusted
urinary urea nitrogen as an estimate of total urinary nitrogen in three
pediatric populations. JPEN J Parenter Enteral Nutr. 1994;18(2):172176.
102. Konstantinides FN. Nitrogen balance studies in clinical nutrition. Nutr
Clin Pract. 1992;7(5):231-238.
103. Konstantinides FN, Konstantinides NN, Li JC, Myaya ME, Cerra FB.
Urinary urea nitrogen: too insensitive for calculating nitrogen balance
studies in surgical clinical nutrition. JPEN J Parenter Enteral Nutr.
1991;15(2):189-193.
104. Maxvold NJ, Smoyer WE, Custer JR, Bunchman TE. Amino acid loss
and nitrogen balance in critically ill children with acute renal failure: a
prospective comparison between classic hemofiltration and hemofiltration with dialysis. Crit Care Med. 2000;28(4):1161-1165.
105. Zappitelli M, Goldstein SL, Symons JM, et al. Protein and calorie prescription for children and young adults receiving continuous
renal replacement therapy: a report from the Prospective Pediatric
Continuous Renal Replacement Therapy Registry Group. Crit Care Med.
2008;36(12):3239-3245.
106. Briassoulis G, Filippou O, Kanariou M, Papassotiriou I, Hatzis T.
Temporal nutritional and inflammatory changes in children with severe
head injury fed a regular or an immune-enhancing diet: a randomized,
controlled trial. Pediatr Crit Care Med. 2006;7(1):56-62.
107. Jotterand Chaparro C, Laure Depeyre J, Longchamp D, Perez MH, Taffe
P, Cotting J. How much protein and energy are needed to equilibrate
nitrogen and energy balances in ventilated critically ill children? Clin
Nutr. 2016;35(2):460-467.
108. Kreymann G, DeLegge MH, Luft G, Hise ME, Zaloga GP. The ratio of
energy expenditure to nitrogen loss in diverse patient groups—a systematic review. Clin Nutr. 2012;31(2):168-175.
109. Paddon-Jones D, Sheffield-Moore M, Urban RJ, et al. Essential amino
acid and carbohydrate supplementation ameliorates muscle protein
loss in humans during 28 days bedrest. J Clin Endocrinol Metab.
2004;89(9):4351-4358.
110. Carlotti AP, Bohn D, Matsuno AK, Pasti DM, Gowrishankar M, Halperin
ML. Indicators of lean body mass catabolism: emphasis on the creatinine
excretion rate. QJM. 2008;101(3):197-205.
111. Coss-Bu JA, Jefferson LS, Walding D, David Y, Smith EO, Klish
WJ. Resting energy expenditure and nitrogen balance in critically ill

Coss-Bu et al

112.

113.
114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.
126.

127.

128.

129.

130.

pediatric patients on mechanical ventilation. Nutrition. 1998;14(9):
649-652.
Kuttnig M, Zobel G, Ring E, Grubbauer HM, Kurz R. Nitrogen and
amino acid balance during total parenteral nutrition and continuous arteriovenous hemofiltration in critically ill anuric children. Child Nephrol
Urol. 1991;11(2):74-78.
Bier DM. Stable isotopes in biosciences, their measurement and models
for amino acid metabolism. Eur J Pediatr. 1997;156(suppl 1):S2-S8.
Orellana R, Coss-Bu JA. Energy and macronutrient requirements in the
critically ill child. In: Goday PS, Mehta NM, eds. Pediatric Critical Care
Nutrition. New York, NY: McGraw-Hill; 2015:33-58.
Agus MS, Javid PJ, Ryan DP, Jaksic T. Intravenous insulin decreases
protein breakdown in infants on extracorporeal membrane oxygenation.
J Pediatr Surg. 2004;39(6):839-844.
Geukers VG, Dijsselhof ME, Jansen NJ, et al. The effect of short-term
high versus normal protein intake on whole-body protein synthesis and
balance in children following cardiac surgery: a randomized doubleblind controlled clinical trial. Nutr J. 2015;14:72.
Mehta NM, McAleer D, Hamilton S, et al. Challenges to optimal enteral
nutrition in a multidisciplinary pediatric intensive care unit. JPEN J
Parenter Enteral Nutr. 2010;34(1):38-45.
de Neef M, Geukers VG, Dral A, Lindeboom R, Sauerwein HP, Bos AP.
Nutritional goals, prescription and delivery in a pediatric intensive care
unit. Clin Nutr. 2008;27(1):65-71.
de Oliveira Iglesias SB, Leite HP, Santana e Meneses JF, de Carvalho
WB. Enteral nutrition in critically ill children: are prescription and
delivery according to their energy requirements? Nutr Clin Pract.
2007;22(2):233-239.
Kyle UG, Akcan-Arikan A, Orellana RA, Coss-Bu JA. Nutrition support among critically ill children with AKI. Clin J Am Soc Nephrol.
2013;8(4):568-574.
Kyle UG, Jaimon N, Coss-Bu JA. Nutrition support in critically ill children: underdelivery of energy and protein compared with current recommendations. J Acad Nutr Diet. 2012;112(12):1987-1992.
Kyle UG, Lucas LA, Mackey G, et al. Implementation of nutrition support guidelines may affect energy and protein intake in the pediatric
intensive care unit. J Acad Nutr Diet. 2016;116(5):844-851.e4.
Kyle UG, Shekerdemian LS, Coss-Bu JA. Growth failure and nutrition
considerations in chronic childhood wasting diseases. Nutr Clin Pract.
2015;30(2):227-238.
de Betue CT, Joosten KF, Deutz NE, Vreugdenhil AC, van Waardenburg
DA. Arginine appearance and nitric oxide synthesis in critically ill
infants can be increased with a protein-energy-enriched enteral formula.
Am J Clin Nutr. 2013;98(4):907-916.
Mehta NM. Feeding the gut during critical illness—it is about time.
JPEN J Parenter Enteral Nutr. 2014;38(4):410-414.
Pennings B, Boirie Y, Senden JM, Gijsen AP, Kuipers H, van Loon LJ.
Whey protein stimulates postprandial muscle protein accretion more
effectively than do casein and casein hydrolysate in older men. Am J
Clin Nutr. 2011;93(5):997-1005.
Tang JE, Moore DR, Kujbida GW, Tarnopolsky MA, Phillips SM.
Ingestion of whey hydrolysate, casein, or soy protein isolate: effects on
mixed muscle protein synthesis at rest and following resistance exercise
in young men. J Appl Physiol (1985). 2009;107(3):987-992.
Verbruggen S, Sy J, Arrivillaga A, Joosten K, van Goudoever J, Castillo
L. Parenteral amino acid intakes in critically ill children: a matter of convenience. JPEN J Parenter Enteral Nutr. 2010;34(3):329-340.
Miles JM, Klein JA. Should protein be included in calorie calculations for a TPN prescription? Point—counterpoint. Nutr Clin Pract.
1996;11(5):204-206.
Skipper A, Tupesis N. Is there a role for nonprotein calories in developing and evaluating the nutrient prescription? Nutr Clin Pract.
2005;20(3):321-324.

139S
131. Mehta NM, Bechard LJ, Zurakowski D, Duggan CP, Heyland DK.
Adequate enteral protein intake is inversely associated with 60-d mortality in critically ill children: a multicenter, prospective, cohort study. Am
J Clin Nutr. 2015;102(1):199-206.
132. Rogers EJ, Gilbertson HR, Heine RG, Henning R. Barriers to adequate
nutrition in critically ill children. Nutrition. 2003;19(10):865-868.
133. McHoney M, Eaton S, Pierro A. Metabolic response to surgery in infants
and children. Eur J Pediatr Surg. 2009;19(5):275-285.
134. Mehta NM, Duggan CP. Nutritional deficiencies during critical illness.
Pediatr Clin North Am. 2009;56(5):1143-1160.
135. Chwals WJ. Early minimal enteral supplementation in severely
burned children receiving parenteral nutrition. Pediatr Crit Care Med.
2013;14(3):332-333.
136. Chwals WJ, Bistrian BR. Role of exogenous growth hormone and
insulin-like growth factor I in malnutrition and acute metabolic stress: a
hypothesis. Crit Care Med. 1991;19(10):1317-1322.
137. Chwals WJ, Fernandez ME, Charles BJ, Schroeder LA, Turner CS.
Serum visceral protein levels reflect protein-calorie repletion in neonates recovering from major surgery. J Pediatr Surg. 1992;27(3):
317-320.
138. Chwals WJ, Fernandez ME, Jamie AC, Charles BJ, Rushing JT.
Detection of postoperative sepsis in infants with the use of metabolic
stress monitoring. Arch Surg. 1994;129(4):437-442.
139. Geukers VG, Li Z, Ackermans MT, Bos AP, Jinfeng L, Sauerwein HP.
High-carbohydrate/low-protein-induced hyperinsulinemia does not
improve protein balance in children after cardiac surgery. Nutrition.
2012;28(6):644-650.
140. Li J, Zhang G, Herridge J, et al. Energy expenditure and caloric and
protein intake in infants following the Norwood procedure. Pediatr Crit
Care Med. 2008;9(1):55-61.
141. Toole BJ, Toole LE, Kyle UG, Cabrera AG, Orellana RA, Coss-Bu
JA. Perioperative nutritional support and malnutrition in infants and
children with congenital heart disease. Congenit Heart Dis. 2014;9(1):
15-25.
142. Wong JJ, Han WM, Sultana R, Loh TF, Lee JH. Nutrition delivery
affects outcomes in pediatric acute respiratory distress syndrome [published online March 9, 2016]. JPEN J Parenter Enteral Nutr.
143. Bechard LJ, Parrott JS, Mehta NM. Systematic review of the influence
of energy and protein intake on protein balance in critically ill children.
J Pediatr. 2012;161(2):333-339.e1.
144. Botran M, Lopez-Herce J, Mencia S, et al. Relationship between
energy expenditure, nutritional status and clinical severity before starting enteral nutrition in critically ill children. Br J Nutr. 2011;105(5):
731-737.
145. Briassoulis G, Tsorva A, Zavras N, Hatzis T. Influence of an aggressive
early enteral nutrition protocol on nitrogen balance in critically ill children. J Nutr Biochem. 2002;13(9):560.
146. Kyle UG, Akcan-Arikan A, Silva JC, Goldsworthy M, Shekerdemian
LS, Coss-Bu JA. Protein feeding in pediatric acute kidney injury is
not associated with a delay in renal recovery. J Ren Nutr. 2017;27(1):
8-15.
147. Joffe A, Anton N, Lequier L, et al. Nutritional support for critically ill
children. Cochrane Database Syst Rev. 2009;(2):CD005144.
148. Casaer MP, Ziegler TR. Nutritional support in critical illness and recovery. Lancet Diabetes Endocrinol. 2015;3(9):734-745.
149. Silva FM, Bermudes AC, Maneschy IR, et al. Impact of early enteral
nutrition therapy on morbimortality reduction in a pediatric intensive care unit: a systematic review. Rev Assoc Med Bras. 2013;59(6):
563-570.
150. Martinez EE, Bechard LJ, Mehta NM. Nutrition algorithms and
bedside nutrient delivery practices in pediatric intensive care
units: an international multicenter cohort study. Nutr Clin Pract.
2014;29(3):360-367.

140S

Discussion
Ryan T. Hurt: Have they looked at specific amino acids such
as leucine or other BCAAs in the pediatric ICU population like
we have in adults?
Jorge A. Coss-Bu: I am not aware of any trial evaluating a
specific amino acid composition. I have been a true believer of
branched-chain amino acids for the past 20 years. When I did
my nitrogen balance studies on pediatric patients receiving PN,
I recalculated the percentage of branched-chain amino acids
that were delivered to evaluate whether it had any effect.
Unfortunately, I was not able to detect a difference from these
studies. This raises the question, do we need to conduct a trial
with leucine in critically ill infants and children?
Ryan T. Hurt: Given the large number of studies that have
looked at adult obesity in the ICU, has anybody looked at obesity in the pediatric ICU population?
Jorge A. Coss-Bu: Two groups, one from Boston and the other
from Milwaukee, have published database studies looking at
outcomes in obese pediatric ICU patients. From these studies,
we have learned that BMI is an important factor in terms of
outcomes, including length of stay, infections, and mortality.
Jill Hamilton-Reeves: As you were evaluating the literature,
did you find any studies that measure body composition in a
validated robust way?
Jorge A. Coss-Bu: There are studies looking at body composition. I have been using and researching body composition in
pediatrics over the past 5 years. The problem with ICU patients
is the variability in fluid status, making the interpretation of
results difficult unless you have baseline measurements. There
are a number of imagining modalities such as CT scans and
bioelectrical impedance. Bioelectrical spectroscopy may assist
with some of the limitations of BIA and fluid shifts in the ICU.
There are some studies looking at body composition after discharge from the ICU. We published a study on body composition in cystic fibrosis patients after lung transplant. We
evaluated body composition after lung transplant, and we were
able to see changes in body composition over time. There are
other studies looking at body composition but in patients outside the ICU.
Jill Hamilton-Reeves: My mentor is a pediatric nutritionist
interested in the internal validity of these imaging modalities.
Air displacement plethysmography or Bod Pod is a good alternative to bioelectrical impedance.
Jorge A. Coss-Bu: The limitation of air displacement plethysmography is that it is not practical for measurements in the
ICU. I am interested in evaluating the child who comes very
sick and is intubated on high ventilator settings. Bod Pod is
great once the patient is stable and out of the ICU. I think it has
been used extensively in the neonatal and premature population because body composition changes are evaluated after
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discharge from the nursery, but yes, those two techniques are
available and we need an internal validity to really understand
what am I measuring and how do I interpret the numbers.
Peter J. M. Weijs: We actually have been doing bioelectrical
impedance measurements in acutely ill adults, not for monitoring but for assessment in the first day of ICU stay. We have
demonstrated that those individuals with lower muscle mass
may have higher mortality. We have been doing bioelectrical
impedance measurements in the pediatric wards as well.
Because we didn’t have actual healthy control data, we measured the BIA in 2000 healthy schoolchildren. We are developing fat-free mass gross charts because we find that pediatricians
are judging malnutrition in children based on weight and height
growth charts. We actually see that some of the obese children
have very low fat-free mass.
Jorge A. Coss-Bu: We recently published a review article on
bioelectrical impedance in children. The problem is we do not
have enough validated data in both different ages and ethnic
groups. To use nonvalidated equations versus direct measurements to calculate fat-free mass and lean body mass, I think
would be the wrong approach. Some researchers have suggested that we should use phase angle, which has been actually
found to correlate with outcomes in adults. When you measure
phase angle, we end up with low phase angle and impedance
index. Those two variables have been shown adequate correlation with clinical outcomes, and both are independent of body
composition.
Claudia R. Morris: The issue of enteral protein delivery in
pediatric critical illness and trauma really is a modifiable risk
factor that we have to address. The time for randomized controlled trials is here. With this in mind, mortality seems to be
the outcome everyone is interested in for adults, and fortunately our kids in the ICU are not dying. This is not an ideal
outcome for kids, and we need better outcomes, specifically
long-term functional outcomes in pediatric ICU patients. These
can include things like quality of life, time to rehabilitation,
time to normal play, and back to school. One comment I have
is about feeding protocols and nutrition guidelines. We have
fantastic nutrition ICU guidelines for both adults and children,
but ICUs across the country are just not using them. We need a
paradigm shift that is going to require a culture change. For
example, we have only one nutritionist in the pediatric critical
care ICU, the only level 1 trauma center in Georgia. She is
really dedicated, but less than 50% of our patients actually get
nutrition evaluations. Feeding is often delayed and in many
cases does not start until 4 or 5 days after they have been in the
ICU. Part of this is how hospitals are getting reimbursed for
nutritionists. There are data to show that if you institute these
guidelines with a nutritionist, you can improve outcomes,
which is ultimately going to save the hospital money.
Jorge A. Coss-Bu: I agree with you and think it is important
that we convince our administrators that we need more support
from dietitians on a daily basis. We have only 1 full-time
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equivalent dietitian for a 30-bed pediatric ICU and 1 dietitian
for a 36-bed step-down unit. Since we are now going to be coding malnutrition and can potentially show a benefit in terms of
outcomes, this may lend support to more resources. We can
develop all the nutrition guidelines we want, but if we don’t
have the nutritionists to implement them, these recommendations will not be effective.
Jayshil J. Patel: The theme that I think we can kind of take
home from this weekend is that protein is important, but an
emerging theme is the value of exercise in combination with
optimal protein delivery. What are you finding when you couple exercise particularly in the pediatric ICU?
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Jorge A. Coss-Bu: This is a very challenging topic because most
of the time, half of our children admitted to the ICU are less than
2 years of age. When we have these little guys intubated and
restrained with sedation, there is always a fear that the child will
self-extubate. One of the metrics that we follow in our ICU is selfextubations, and there is an intrinsic fear from the whole system to
prevent self-extubations. There are different options for older
kids, which would be more aggressive intervention and early
mobilization. I think we have more challenges than our adult colleagues, particularly with the infants and younger children. I think
we need to start being more systematic in our approach to mobilization and exercise in the pediatric ICU.

