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Introduction

The prevalence of malnutrition in hospitalized patients is a significant healthcare problem 

with implications for patient outcomes 1-5. Malnutrition appears to be an independent 

predictor of outcome and is associated with a higher rate of infectious and non-infectious 

complications, increased mortality, longer length of hospital stay and increased hospital 

costs 5. Malnutrition in hospitalized children is associated with altered physiological 

responses, increased resource utilization and influences outcome during critical illness 9, 10. 

Among, critically ill children, the prevalence of malnutrition has remained unchanged over 

the past three decades 7, 8. Critical illness itself may increase metabolic demand on the host 

in the early stages of the stress response and nutrient intake may be limited. Thus, children 

admitted to the PICU are at a risk of worsening nutritional status and anthropometric 

changes that may be associated with morbidity 11.

Despite its high prevalence and consequences, medical awareness of malnutrition is lacking. 

Only a small fraction of hospitalized patients are assessed for nutritional status or referred 

for nutrition support 12. Careful nutritional evaluation at admission to the PICU is essential 

for identification of children at risk for further nutritional deterioration and may allow 

interventions to optimize nutrient intake with a potential for improving outcomes. The 

epidemiology and etiology of malnutrition in critically ill children are described here. The 

importance of nutritional assessment and measures to prevent nutritional deterioration of 

children in the PICU are discussed in this manuscript.

Epidemiology and Risk Factors for Malnutrition in the PICU

One in every five children admitted to the PICU suffers from acute and/or chronic 

malnutrition 3, 7, 8. Due to the lack of systematic nutrition assessment at many centers, the 

true extent of the problem of malnutrition in the PICU population may not be appreciated. 

The correlation between nutritional status and outcomes is complex and probably 
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bidirectional 13. On one hand, underlying disease state and the duration of pre-PICU illness 

may influence the severity of malnourishment and predispose some children to critical 

illness. On the other hand, the increased energy demands from the metabolic stress response 

during critical illness, erratic prescription of nutrients and failure to administer adequate 

nutrients are factors responsible for the subsequent worsening of nutritional status in 

children admitted to the PICU. Indeed, acute and chronic malnutrition have been shown to 

worsen at discharge from the PICU 7.

Some critically ill children may be at an increased risk of protein energy malnutrition 

(PEM). Infants have a high basal metabolic rate and limited energy reserves, and are 

particularly at risk of developing nutritional deficiencies during illness. Children with 

congenital heart disease (CHD) have a high incidence of protein energy malnutrition, which 

contributes to poor outcome in this cohort 14. Common reasons for caloric deficits in 

children with CHD include, decreased intake, increased energy expenditure (due to cardiac 

failure or increased work of breathing) and malabsorption (due to increased right-side heart 

pressure, lower cardiac output, and/or altered gastrointestinal function) 15-18. In a 

retrospective review of newborns with hypoplastic left heart syndrome who underwent the 

traditional Norwood procedure, we have reported a high incidence of PEM manifested by 

low weight-for-age Z scores 60. Following initial hospitalization in the first month of life, 

weight for- age Z scores and weight-for-length Z scores decreased over time, and half the 

infants were severely underweight when readmitted for major cardiac surgery. Longer 

length of hospital or PICU stay, and frequency of readmissions were significantly correlated 

with poor nutritional status in this cohort. In children with severe burns, the hypermetabolic 

stress response and poor intake results in energy deficits, and the negative effects on 

nutritional status have been shown to persist for months after injury. Decrease in lean body 

mass was shown for up to a year after the burn, with delayed linear growth reported up to 2 

years after injury 19, 20. In other groups of critically ill children, recovery of nutritional 

status has been more encouraging 7. Duration of PICU-stay is an important factor associated 

with the development of cumulative energy and protein deficits in critically ill children 11. 

The development of deficits is most rapid during the first few days after admission. Duration 

of mechanical ventilation and need for surgical intervention are other factors associated with 

development of cumulative energy deficits, independent of PICU-stay.

Etiology of Malnutrition N Critically Ill Children

The etiology of malnutrition developing during critical illness is multifactorial, and common 

factors contributing to the protein and caloric deficits during the PICU course include; (A) 

increased energy demands secondary to the metabolic stress response, (B) failure to 

accurately estimate energy expenditure and (C) inadequate substrate delivery at the bedside.

(A). The Metabolic Stress Response

The profound and stereotypic metabolic response to critical illness in children is not always 

predictable, and varies in intensity and duration between individuals. The caloric burden 

imposed by the metabolic response to injury, surgery or inflammation may be proportional 

to the severity and duration of the stress but cannot ne accurately estimated. Nutritional 

support cannot reverse or prevent the metabolic stress response. However, failure to provide 
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optimal calories and protein during the acute stage of illness could result in exaggeration of 

existing nutritional deficiencies or result in new onset malnutrition. The large energy 

imbalances secondary to both under and overfeeding in critically ill children must be 

avoided 21. This requires an individualized nutritional regimen that must be tailored for each 

child and reviewed regularly during the course of illness. A basic understanding of the 

metabolic events that accompany critical illness and surgery is essential for planning 

appropriate nutritional support in critically ill children.

The unique hormonal and cytokine profile manifested during critical illness is characterized 

by an elevation in serum levels of insulin, glucagon, cortisol, catecholamines, and 

proinflammatory cytokines 28. Increased serum counter-regulatory hormone concentrations 

induce insulin and growth hormone resistance, resulting in the catabolism of endogenous 

stores of protein, carbohydrate, and fat to provide essential substrate intermediates and 

energy necessary to support the ongoing metabolic stress response 28.

Figure 1 illustrates the basic pathways involved in the metabolic stress response. In general, 

the net increase in muscle protein degradation, characteristic of the metabolic stress 

response, results in a large amount of free amino acids in the circulation. Free amino acids 

are used as the building blocks for the rapid synthesis of proteins that act as inflammatory 

response mediators and are used for tissue repair. Remaining amino acids not used in this 

way, are channeled through the liver, where their carbon skeletons are utilized to create 

glucose through gluconeogenesis. Although, the provision of optimal dietary protein does 

not eliminate the overall negative protein balance associated with the catabolic response to 

injury, it may slow the rate of net protein loss 6. Carbohydrate turnover is simultaneously 

increased during the metabolic response, with significant increase in glucose oxidation, and 

gluconeogenesis 16. However, the administration of exogenous glucose does not blunt the 

elevated rates of gluconeogenesis, and net protein catabolism continues unabated 14. A 

combination of dietary glucose and protein may improve protein balance during critical 

illness, primarily by enhancing protein synthesis. The stress response is also characterized 

by increased rates of fatty acid oxidation 93. As seen with the other catabolic changes 

associated with stress response, the provision of dietary glucose does not decrease fatty acid 

turnover in times of illness. The increased demand for lipid utilization in the setting of 

limited lipid stores puts the metabolically stressed neonate or previously malnourished child 

at high risk for the development of essential fatty acid deficiency 95, 96. Preterm infants are 

most at risk for developing essential fatty acid deficiency after a short period fat-free 

nutritional regimen 97.

The metabolic alterations during critical illness may be dynamic and change during the 

course of illness. A wide range of metabolic states have been observed in mechanically 

ventilated children with an average early tendency towards hypermetabolism 29. Children 

with severe burn injury demonstrate extreme hypermetabolism in the early stages of 

injury 30. The standard equations used for estimating energy requirements may 

underestimate the resting energy expenditure and lead to underfeedin. The failure to provide 

adequate calories during this phase may lead to the loss of critical lean body mass and 

worsening of existing malnutrition. Stress or activity correction factors have been 

traditionally factored into basal energy requirement estimates to adjust for the nature of 
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illness, its severity and the activity level of hospitalized subjects 31, 32. However, decreased 

activity, decreased insensible fluid losses and transient absence of growth during the acute 

illness may predispose some critically ill children to the risk of overfeeding 33. The 

application of a uniform stress correction factor to equation estimated energy requirement in 

critically ill children may be too simplistic, likely to be inaccurate and increase the risk of 

overfeeding. Overfeeding is associated with deleterious effects in the critically ill 

patient 24, 25. It increases ventilatory work by increasing carbon dioxide production and can 

potentially prolong the need for mechanical ventilation 26. Overfeeding may also impair 

liver function by inducing steatosis and cholestasis, and increase the risk of infection 

secondary to hyperglycemia. To account for these dynamic alterations in energy metabolism 

secondary to an unpredictable stress response, measured resting energy expenditure (REE) 

values remain the only true guide for energy intake in critically ill children.

(B) Estimation of Energy Requirement during Critical Illness

The energy requirements for critically ill children are often derived from commonly used 

equations based on patient demographics. These equations have been shown to be inaccurate 

and may underestimate or overestimate the true energy requirements 21, 37-40. Thus, nutrition 

intake based on estimated requirements often results in both underfeeding and overfeeding. 

The cumulative effect of inaccurate estimations and suboptimal may result in significant 

caloric imbalances with potential for affecting outcomes 22, 23. Indirect calorimetry (IC), 

using a metabolic cart, can be performed at the bedside to measure VO2 (the volume of 

oxygen consumed) and VCO2 (the volume of CO2 produced). The respiratory quotient 

(RQ), defined by the ratio VCO2) to VO2, may be affected by extremes of substrate use by 

the child. Underfeeding, which promotes use of endogenous fat stores, should cause 

decreases in the RQ, whereas overfeeding, which results in lipogenesis, should cause 

increases in the RQ 42. However, the use of the respiratory quotient (RQ) as a measure of 

substrate use in individual patients has a low specificity and cannot be recommended to 

screen for underfeeding or overfeeding 43. An increasing value of RQ in response to 

overfeeding has been associated with increased ventilatory demands and respiratory burden 

and elevation of measured RQ >1.0 may be an indicator of reduced respiratory tolerance of 

the nutrition regimen 42. A combination of acute phase proteins (CRP) and RQ may reflect 

transition from the catabolic hypermetabolic to the anabolic state.

To achieve optimal individualized nutrition support, caloric goals should be identified 

regularly in critically ill children with the help of IC when feasible. With careful attention to 
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its limitations and available expertise with its interpretation, IC can be applied in a PICU 

and is indeed warranted in children at high risk for underfeeding and overfeeding 31, 32. 

However, resource constraints and lack of available expertise restricts the regular use of 

Indirect Calorimetry (IC) in the PICU. In a multicenter study of nutrition practices in the 

PICU, a majority of European centers have reported the use of estimated equations for 

energy expenditure when planning energy intake in critically ill children 41. Targeted IC to 

obtain accurate measurement of resting energy expenditure may allow individualized 

nutrition therapy in high-risk children in the PICU and prevent cumulative caloric 

imbalances 23.

(C) Nutrient Intake at the Bedside – Prescription and Delivery

Barriers to nutrition intake in critically ill children have been described across centers all 

over the world 34-36. Following accurate estimation of energy needs, the actual delivery of 

requisite nutrients may be challenging and requires a multidisciplinary effort. In the first 

week of the PICU course, children received less than 60% of their prescribed calories 44, 45. 

Caloric deprivation in the PICU is prevalent and its etiology is multifactorial 35, 46. In one 

study, less than half the children in the PICU received nutrition on the first day 44. Delay in 

initiation of nutrition, suboptimal use of parenteral nutrition and overall failure to prescribe 

adequate calories and protein were factors responsible for malnutrition during the PICU 

course of children in this study.

The PICU is a complex environment where routine interventions and procedures are in 

constant conflict with bedside nutrient delivery. Early institution of EN is associated with 

beneficial outcomes in animal models and human studies 47, 48, and has been increasingly 

implemented during critical illness, often using nutritional guidelines or protocols 49, 50. 

Despite its known benefits, EN is often delayed. Subsequent maintenance of enteral nutrient 

delivery remains elusive as EN is frequently interrupted in the intensive care setting for a 

variety of reasons, some of which are avoidable 35, 51. Frequent interruptions in enteral 

nutrient delivery may affect clinical outcomes secondary to caloric imbalance or reliance on 

PN 35. In order to realize the potential benefits of EN in the pediatric intensive care unit 

(PICU), both early initiation and maintenance of enteral feeds must be assured. We reviewed 

bedside EN delivery in 112 children in our PICU using a multidisciplinary bedside audit 

tool. Despite early initiation of EN, feeds were interrupted in many critically ill children 

admitted to our busy medical and surgical PICU 34. Avoidable EN interruptions were 

associated with more than 3-fold increase in the use of PN and a significant delay in 

reaching caloric goals. Fasting for procedures and intolerance to EN were the commonest 

reasons for prolonged EN interruptions. Interventions aimed at optimizing EN delivery must 

be designed after examining existing barriers to EN and directed at high-risk individuals 

who are most likely to benefit from these interventions. Infants, younger children and those 

requiring mechanical ventilation, were more likely to be fed via the post-pyloric route and 

had a longer stay in the PICU. Educational intervention and practice changes targeted at 

these high-risk patients may decrease the incidence of avoidable interruptions to EN in 

critically ill children.
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Clinical practice guidelines, developed by multidisciplinary expert consensus and based on 

existing evidence may help improve nutrition support practices in the intensive care unit. 

The Canadian Clinical Practice Guidelines for nutrition support in critically ill adults 

provide a model for evidence based consensus-derived generation of practical 

recommendations, dissemination of recommendations and then systematic evaluation of 

their impact on patient outcomes. Adherence to these guidelines have been shown to 

increase EN intake, decrease hospital length of stay and a trend towards decreased 

mortality 52-55. Implementation of an institutional feeding protocol was associated with early 

institution of EN, shortened time to reaching caloric goal and decreased interruptions to 

established EN in a study conducted in PICU population 56. There are no randomized trials 

examining the effect of such protocols for feeding in the PICU, and their application remains 

sporadic with mixed effects 57, 58. Guidelines for enteral and parenteral nutrition for the 

critically ill child were recently revised by the guidelines committee and board of directors 

of the American Society of Parenteral and Enteral Nutrition (A.S.P.E.N.) 33.

Nutritional Assessment during Critical Illness

The nutritional assessment of critically ill children may be challenging from both scientific 

and practical aspects. After admission, weights are infrequently obtained during the PICU 

course and acute changes in nutrition status may be missed or detected late 22. Failure to 

weigh children in the PICU is due to the perceived problems of moving critically ill patients 

and the low priority amongst healthcare workers for nutritional assessment. In a review of 

hospitalized adults outside the intensive care unit, weights on admission were obtained in 

less than half the patients 12. The overall lack of enthusiasm for weighing critically ill 

children results in failure to estimate the true incidence of malnutrition in this cohort. A 

weight-for-age Z score of -2.0 corresponds to a weight that is 2 standard deviations below 

the mean for a given age and sex. Z scores are preferred to percentiles when analyzing 

anthropometric data from populations with a high incidence of undernutrition 59. A weight-

for-age Z score lower than -2.0, which is two standard deviations below the mean for age 

and sex, is termed as undernourished.

Anthropometric Assessment

Arm anthropometry (mid-upper arm circumference and triceps skinfold), body weights, 

lengths and body mass index (BMI) are commonly used to assess the nutritional status of 

these children. Hulst et al observed a correlation between energy deficits and deterioration in 

anthropometric parameters such as mid arm circumference and weight in a mixed population 

of critically ill children 11. The anthropometric abnormalities accrued during the PICU 

admission returned to normal by 6 months after discharge 7. Using reproducible 

anthropometric measures, Leite et al reported a 65% prevalence of malnutrition on 

admission with increased mortality in this group. 10 On follow up, a significant portion of 

children with protein energy malnutrition had further deterioration in nutritional status.

Body Composition

Emerging literature supports the concept that body composition is a primary determinant of 

health and a predictor of morbidity and mortality in children. Preservation and accrual of 

Mehta and Duggan Page 6

Pediatr Clin North Am. Author manuscript; available in PMC 2015 November 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



lean body mass during illness has been shown to be an important predictor for clinical 

outcomes in a variety of settings, including patients with sepsis, cystic fibrosis, and 

malnutrition 61-63. Although bedside anthropometric methods are inexpensive, they are 

sporadically applied in hospitalized children, may be insensitive in the setting of critical 

illness and limited by significant inter-observer variability. Weight changes and other 

anthropometric measurements in critically ill children should be interpreted in the context of 

edema, fluid therapy, volume overload and diuresis. In the presence of ascites or edema, 

ongoing loss of lean body mass may not be evident using weight monitoring. A variety of 

techniques of body composition measurement, including body densitometry by underwater 

weighing, neutron activation analysis, total body potassium determination or dual-energy x-

ray absorptiometry (DXA) have been described in the literature 64-67. Most of these methods 

are not practical for application in the clinical management of a critically ill child. DXA is a 

radiographic technique that can determine the composition and density of different body 

compartments (fat, lean tissue, fat free mass, and bone mineral content) and their 

distribution in the body. Dual-energy X-ray absorptiometry (DXA) has been used 

extensively in pediatric practice for determining fat free mass, fat mass, lean mass and is 

recognized as a reference method for body composition research 68. Its results correlate well 

with direct chemical analyses, and there is good agreement between percentage body fat 

estimated by hydrodensitometry and by DXA 69. However, the application of DXA in the 

PICU is impractical. Bioelectric impedance analysis (BIA), in contrast, is a bedside 

technique that can be applied to pediatric patients without exposure to radiation and with 

ease. Electrical current is conducted by body water, and impeded by other body components. 

BIA estimates the volumes of body compartments, including extracellular water (ECW), and 

total body water (TBW). TBW measures can be used to estimate lean body mass by 

applying age-appropriate hydration factors 69. BIA has not been validated in critically ill 

populations and hence its use outside clinical trials is not recommended in the PICU. The 

search for an ideal bedside body composition measurement technique in critically ill patient 

continues and some of these promising new methods require validation.

Biochemical Assessment

Nutritional assessment can also be achieved by measuring the visceral (or constitutive) 

protein pool, the acute-phase protein pool, nitrogen balance and resting energy expenditure. 

Albumin, which has a large pool and much longer half-life (14 – 20 days), is not indicative 

of the immediate nutrition status and may be skewed by changes in fluid status. Serum 

albumin concentrations may be affected by albumin infusion, dehydration, sepsis, trauma 

and liver disease, and independent of nutritional status. Thus, its reliability as a marker of 

visceral protein status is questionable. Pre-albumin, (also known as transthyretin or 

thyroxine binding prealbumin) is a stable circulating glycoprotein synthesized in the liver. It 

binds with retinol binding protein and is involved in the transport of thyroxine as well as 

retinol. Prealbumin, so named by its proximity to albumin on an electrophoretic strip, has a 

half-life of 24-48 hours and reflects more acute nutritional changes. Pre-albumin 

concentration is diminished in renal and liver disease. Prealbumin is readily measured in 

most hospitals and is a good marker for the visceral protein pool 70, 71. In children with burn 

injury, serum acute-phase protein levels rise within 12 to 24 hours of the stress, because of 
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hepatic reprioritization of protein synthesis in response to injury 72. The rise is proportional 

to the severity of injury. Many hospitals are capable of measuring C-reactive protein (CRP) 

as an index of the acute-phase response. When measured serially (once a day during the 

acute response period), serum prealbumin and CRP are inversely related (i.e., serum 

prealbumin levels decrease and CRP levels increase with the magnitude proportional to 

injury severity and then return to normal as the acute injury response resolves). In infants 

after surgery, decreases in serum CRP values to less than 2 mg/dL have been associated with 

the return of anabolic metabolism and are followed by increases in serum prealbumin 

levels 73. Interleukin 6 (IL-6), a proinflammatory cytokine recognized as an early marker of 

the Systemic Inflammatory Response Syndrome (SIRS) in several disease models, might be 

used to determine whether the inflammatory response is intact. Serum concentrations of IL-6 

may be useful in identifying patients at risk of nutritional deterioration.

Micronutrient Deficiency in Critically Ill Children

The antioxidant properties of certain micronutrients have renewed interest in their role 

during critical illness. Vitamins C and E have important antioxidant properties. Selenium 

has also been shown to be a critical micronutrient with antioxidant functions in patients with 

thermal injury and trauma 74. A complex system of special enzymes, their co-factors 

(selenium, zinc, iron, manganese), sulfhydryl group donors (glutathione) and vitamins (E 

and C) form a defense system to counter the oxidant stress seen in the acute phase of injury 

or illness. Critically ill patients may have variable deficiencies of micronutrients in the early 

phase of illness. Vitamins and trace elements are redistributed from central circulation to 

tissues and organs during the systemic inflammatory response syndrome (SIRS) 75, 76. 

Levels of trace elements such as iron, selenium and zinc, as well as water soluble vitamins 

are decreased, while copper and manganese levels may be increased 76, 77. In addition, 

trauma and burn patients are characterized by extensive losses of biologic fluids through 

wound exudates, drains, and hemorrhage, which cause negative micronutrient balances. The 

reduced stores of these enzyme cofactors, vitamins and trace elements decrease rapidly after 

injury and remain at subnormal levels for weeks. Low endogenous stores of antioxidants are 

associated with an increase in free radical generation, augmented systemic inflammatory 

response, cell injury, increased morbidity and mortality in the critically ill 78, 79. Recently, 

there is increased interest in the role of Vitamin D as an antioxidant. Serum levels of vitamin 

D are decreased in children with severe burns 80. Vitamin D status may be compromised for 

months after burn injury. The concept of early micronutrient supplementation to prevent the 

development of acute deficiency, to rectify the oxidant-antioxidant balance and reduce 

oxidative-mediated injuries to organs has driven recent trials in critically ill patients 81.

Antioxidant research in the critically ill has focused on copper, selenium, zinc, vitamins C, E 

and the vitamin B group 81. However, most of these studies were performed in relatively 

small patient populations presenting with nonhomogeneous diseases such as trauma, burns, 

sepsis, or acute respiratory distress syndrome (ARDS) and thus are underpowered to detect a 

treatment effect on clinically important outcomes. Heyland et al performed a systematic 

review of trials supplementing critically ill patients with antioxidants, trace elements, and 

vitamins with an aim to improve survival 74. The authors concluded that trace elements and 

vitamins that support antioxidant function, particularly high-dose parenteral selenium either 
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alone or in combination with other antioxidants, are reportedly safe and may be associated 

with a reduction in mortality in critically ill patients.

Strategies For Prevention Of Malnutrition During Critical Illness

1. Acknowledge the prevalence of malnutrition in critically ill children

2. Nutrition support integrated into the critical care team

3. Nutritional assessment and evaluation of nutrition gals in all critically ill children

4. Use of a nutrition support algorithm to reach nutrition goals in the PICU

5. Examine institutional barriers to nutrition support and implement practice change

6. Assessment of nutritional adequacy and detection of nutritional deterioration with 

the help of regular anthropometric and biochemical assessments during the PICU 

course.

7. Prudent use of targeted IC

8. Early initiation and maintenance of EN.

9. Awareness of underfeeding, overfeeding and micronutrient deficiencies in critically 

ill children

10. Aim for individually tailored nutritional regimen and serial assessment during the 

course of critical illness.

Conclusion

Malnutrition is prevalent in children admitted to the PICU and their nutritional status may 

further deteriorate during the course of critical illness. Both macronutrient and micronutrient 

malnutrition have been described. Assessment of nutritional status on admission to the PICU 

will allow identification of those children at high risk of further nutritional deterioration. A 

basic understanding of the metabolic stress response and accurate assessment of energy 

expenditure are essential for designing individually tailored nutritional prescription for 

critically ill children. Both underfeeding and overfeeding are common in the PICU and have 

significant impact on outcomes from critical illness. Accurate measurement of energy 

expenditure, availability of nutrition support team, use of nutrition therapy guidelines and 

protocolized assessment of nutritional parameters at admission and regularly during PICU 

course are some steps to improve the nutritional state of children admitted to the PICU.
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Figure 1. 
Basic pathways of the metabolic stress response to injury
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