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ÅTo understand the rationale behind accurate determination of nutritional 

requirements of a critically ill child 

ÅTo understand how protein, carbohydrate, fat metabolism and energy 

requirements vary according to critical illness 

ÅTo understand the value of indirect calorimetry in calculating energy 

requirements 

ÅTo be aware of the predictive equations used to estimate energy 

requirements in the PICU 

ÅTo know the daily requirements for protein, carbohydrate and fat in 

critically ill children 

ÅTo be able to prescribe optimal EN or PN nutrition for PICU patients who 

have a range of conditions 

 

 

 

 

Learning 
objectives 
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1. Rationale for accurate calculation of nutritional requirements 

2. Metabolic response to critical illness 

3. Estimating energy requirements 

3.1 Indirect calorimetry (IC) 

3.2 Predictive equations 

4. Nutrition prescription in the PICU: Enteral nutrition (EN) 

4.1. Protein metabolism and requirements 

4.2. Carbohydrate metabolism and requirements 

4.3. Lipid metabolism and requirements 

4.4. Other components 

4.5. EN formulas 

5. Nutrition prescription in the PICU: Parenteral nutrition (PN) 

6. Test your knowledge 

Overview 
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Rationale for accurate 
calculation of nutritional 
requirements 1 
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ÅBasal metabolic rate (BMR) or resting energy expenditure (REE) 

ÅGrowth rate (normal growth, or catch-up growth) 

ÅPhysical activity 

ÅIn sick children, stress due to illness or healing process is an additional 

factor affecting energy requirements; but often leads to overestimation of 

energy requirements in critically ill children 

Components of  
energy requirements  

Page, CP, Hardin TC, Melnik G (eds): Nutritional assessment and support ï a primer. 2nd ed. Baltimore:Williams and Wilkins, 1994; 32. 

Activity factors Stress factors 

Paralysed 1.0 Surgery 1.2ï1.5 Burn 1.5ï2.5 

Confined to bed 1.1 Infection 1.2ï1.6 Starvation 0.7 

Ambulatory 1.2ï1.3 Trauma 1.1ï1.8 Growth failure 1.5ï2.0 
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ÅTo reduce mortality 

ï Negative energy balance is related to mortality 

ÅTo prevent overfeeding, which may result in: 

ï Hyperglycaemia Č increased risk of secondary infection 

ï Increased fat deposition, fatty liver 

ï Increased ventilatory work following č carbon dioxide production, 

which can prolong the need for mechanical ventilation 

ÅTo prevent underfeeding, which may result in: 

ï Malnutrition  

ï Impaired immunologic responses  

ï Impaired growth 

Why is accurate energy  
estimation necessary? 

Mehta NM, et al. Crit Care Med 2012;40:2204-2211; ESPGHAN. J Pediatr Gastroenterol Nutr 2005;41:S5-S11; Mehta NM, et al. J Parenter Enteral Nutr  

2009;33:336-344 
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Causes of  
overfeeding 

Goday PS, Mehta NM. Pediatric Critical Care Nutrition. McGraw-Hill Education. 2014; Mehta NM, et al. J Parenter Enteral Nutr  2009;33:336-44; Lee JH, et 

al. Asia Pac J Clin Nutr 2015 (accepted). 

Failure to recognise the 

hypometabolic phase of 

metabolic stress response 

(overestimating energy 

expenditure)  

Reliance on standardised 

formulae/equations for energy 

expenditure, which may be 

inaccurate, e.g. in the case  

of obese patients 

Inaccurate weight of  

patient being used  

to calculate energy 

requirements 

Over-estimating the  

degree of metabolic stress  

in the era of modern 

anaesthesia and surgery 
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Causes of  
underfeeding 

Mehta NM, et al. J Parenter Enteral Nutr  2009;33:336-44.Lee JH, et al. Asia Pac J Clin Nutr 2015 (accepted). 

Inability to predict the 

hypermetabolic stress 

response (underestimating 

energy expenditure)  

Inaccurate estimation of 

energy expenditure 

Delay in detecting 

deteriorating  

nutritional status  

Failure to deliver  

prescribed nutrients 
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to critical illness 2 
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Metabolic  
stress response 

Mehta N & Jaksic T. The Critically Ill Child, In: Nutrition in pediatrics. 4th ed.2008. p. 663ï73 
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ÅStress response is lower in children (blue line) than in adults  

(orange and red lines) 

ÅEnergy requirements of critically ill children are less than in adults,  

and resting energy requirements plateau after the initial increase 

Metabolic states  
during illness 

Long CL. Am J Clin Nutr 1977; 30:1301-1310; Mehta NM, Costello JM, Bechard LJ, et al. J Parenter Enteral Nutr . 2012;36:685-92; Goday PS, Mehta NM. 

Pediatric Critical Care Nutrition. McGraw-Hill Education. 2014.  

NORMAL 

RANGE 

Major Trauma 

Minor Trauma 

Major Burn 

Starvation 

Metabolic stress response 

Metabolism slows down 

during starvation 
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Metabolic responses  
to critical illness 

1. Mehta NM, Duggan CP. Pediatr Clin North Am 2009;56:1143-1160; 2. Paediatric Intensive Care Pharmacistsô Special Interest Group, Neonatal and 

Paediatric Pharmacists Group. November 2009, Revised 2011; 3. Samra JS, et al. Br J Surg 1996;83:1186-1196; 4. Coran AG, et al. Pediatric Surgery: 

Elsevier; 7th edition. 2012. Available from: https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress.; 5. Mehta NM, 

et al. J Parenter Enteral Nutr  2009;33:260-276; 6. Leong AY, et al. Nutr Clin Pract 2013;28:572-579. 

Condition Response 

Burns 
Extreme hypermetabolism in early stages; protein 

requirements can double1,2 

Sepsis Upregulated fat oxidation;3 increased energy requirements2 

Congenital heart disease Increased EE, fluid restricted, may absorb nutrients poorly1 

Cardiac surgery 
Risk of underfeeding because of fluid restriction,2 mosaic of 

hyper-, hypo- and normometabolic states post-surgery6 

Abdominal surgery 

(newborns) 

Increase in REE at 4 hrs, followed by return to baseline 

after 12ï24 hrs4 

Surgery in general 
Hyperglycaemia response that is negatively correlated  

with age (12 hrs in neonates; 24ï48 hrs in children)5 

Mechanical ventilation 
REE may be reduced due to inactivity, absence of growth 

or decreased insensible fluid loss4 

https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
https://www.inkling.com/read/coran-pediatric-surgery-7th/chapter-6/metabolic-response-to-stress
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ÅThe hypermetabolic response in critically ill children is less pronounced 

than in adults 

ÅSustained protein breakdown may result in significant loss of lean body 

mass during critical illness 

ÅAccurate assessment and delivery of energy to match the patientôs 

demand is an important goal 

ï Unintended under or overfeeding is associated with poor outcomes 

Metabolic stress response  
and optimal nutritional intake 

Goday PS, Mehta NM. Pediatric Critical Care Nutrition. McGraw-Hill Education. 2014. 

Adequate protein and energy intake helps maintain protein balance  

and prevent lean body mass depletion in the PICU patient 
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3.1 Indirect calorimetry (IC) 

Estimating energy 
requirements 3 
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ÅIC uses a metabolic cart to measure O2 consumed and CO2 exhaled, to 

determine resting energy expenditure (REE) 

ÅProvides the respiratory quotient (RQ), which can help determine 

substrate use (fat, protein, mixed, carbohydrate or fat synthesis) 

ÅPatients are measured under a hood that collects inhaled O2 and  

exhaled CO2 

ï Ventilated/tracheostomised patients can be tested if there are no 

leaks and FlO2 is not >60% 

ÅIC is performed when the child is quiet, awake and calm 

Indirect  
calorimetry (IC) 

IC is the gold standard to measure REE,  

but is not always available in resource-limited settings 
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Using IC  
to measure REE 

RQ=respiratory quotient; VO2=Oxygen consumption; VCO2=CO2 production  

Measures Respiratory 

Exchange Ratio  

RQ = VCO2 / VO2  

when patient is in a calm 

steady state  

RESTING ENERGY EXPENDITURE (REE) 

Weir equation 

 REE (kcal/day) =  [VO2 (3.94) + VCO2 (1.11)] x 1440 min 
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 <0.85 Indicates under feeding 

Interpreting respiratory  
quotient (RQ) values 

Ista E, Joosten K. Crit Care Nurs Clin North Am 2005;17:385-393. 

RQ 
Clinical 

interpretation 

  0.85ï1.0 Indicates adequate feeding 

>1.0 Indicates overfeeding 
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ÅIC is the gold standard for estimating resting energy 

requirements 

ÅIn resource-limited settings, if it is not feasible to carry 

out IC in all patients, it should be targeted at patients 

who are at particular risk of metabolic instability 

(shown on the next slide) 

ÅIf IC is not available, resting energy requirements may 

be calculated using predictive equations 

Recommendations  
on IC 

Mehta NM, et al. J Parenter Enteral Nutr  2009;33:260-276. 
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ÅUnderweight (BMI <5th percentile for age), at risk of overweight  

(BMI >85th percentile) or overweight (BMI >95th percentile)  

Å>10% weight gain or loss during ICU stay 

ÅFailure to meet prescribed caloric goals consistently 

ÅFailure to wean, or need to escalate respiratory support 

ÅNeed muscle relaxants for >7 days 

ÅNeurologic trauma with evidence of dysautonomia 

ÅOncologic diagnoses (including stem cell or bone marrow transplant) 

ÅThermal injury 

ÅNeed mechanical ventilator support for >7 days 

ÅChildren suspected to be severely hypermetabolic or hypometabolic  

PICU patients who are  
at risk of metabolic instability 

Mehta NM, et al. J Parenter Enteral Nutr  2009;33:260-276. 
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Estimating energy 
requirements 3 
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Common predictive equations used  
to predict energy expenditure in PICU 

À When using the Harris-Benedict equation in the clinical setting, the factors can be rounded to one decimal point. 

M =  male; F= female; A =  age; H =  height (m); W =  weight (kg) 

 

Goday PS, Mehta NM. Pediatric Critical Care Nutrition. McGraw-Hill Education. 2014; Sion-Sarid R, et al. Nutrition 2013;29:1094-1099 

Name Gender Equation 

Schofield Go to slide  

White (kJ/d) 17 x A[mo] + (48 x W) + (292 x body temp °C) - 9677 

FAO/WHO/UNU Go to slide 

Harris-BenedictÀ  

(kcal/d) 

M 66.4730 + (5.0033 x H) + (13.7516 x W) - (6.7550 x A) 

F 655.0955 + (1.8496 x H) + (9.5634 x W) - (4.6756 x A) 
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Schofield equation to estimate  
BMR (kcal/day) of PICU patient 

M =  male; F= female; H =  height (m); W =  weight (kg) 

 

Schofield WN. Hum Nutr: Clin Nutr 1985 39C;5-41; Koletzko B, et al. J Pediatr Gastroenterol Nutr 2005;41 Suppl 2:S5-11; Corkins MR (ed). Pediatric 

nutrition support handbook. 2011. American Society for Parenteral and Enteral Nutrition; Goday PS, Mehta NM. Pediatric Critical Care Nutrition. McGraw-Hill 

Education. 2014 

Age Gender 
Equation 

W WH 

<3 years 

M 59.48W - 30.33 0.167W + 1517.4H - 617.6 

F 58.29W - 31.05 
16.252W + 1023.2H - 

413.5 

3ï10 years 
M 22.7W + 505 19.59W + 130.3H + 414.9 

F 20.3W + 486 16.97W + 161.8H + 371.2 

10ï18 years 
M 17.7W+ 659  16.25W + 137.2H + 515.5 

F 13.4W+ 696 8.365W + 465H + 200 

In critically ill children, use of actual weight (whether child is underweight or overweight)  is recommended. 
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FAO/WHO/UNU equations to  
estimate REE (kcal/day) 

M =  male; F= female; W =  weight (kg) 

 

Goday PS, Mehta NM. Pediatric Critical Care Nutrition. McGraw-Hill Education. 2014  

Name Gender Equation 

<3 years 

M 60.9W - 54 

F 61W - 51 

3ï10 years 

M 22.7W + 495 

F 22.5W + 499 

10ï18 years 

M 17.5W + 651 

F 12.2W + 746 
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ÅFAO/WHO/UNU 

ÅSchofield 

ÅHarris-Benedict 

ÅWhite 

Predictive equations:  
Which to use? 

WHO Energy and protein requirements Geneva 1985; Schofield WN. Hum Nutr Clin Nutr 1985;39 Suppl 1:5-41; Briassoulis G, et al. Crit Care Med 

2000;28:1166-1172; White MS, et al. Crit Care Med 2000;28:2307-2312; Mehta, NM et al. Pediatr Crit Care Med: J Soc Crit Care Med World Fed Pediatr 

Intensive Crit Care Soc 2011;12(4):398-405.  

ÅIt is recommended to use Schofield equation,  

without routine inclusion of stress factors 

ï Regular reassessment is necessary to ensure 

that appropriate nutrition is provided 

ïUse the same equation for serial assessments 

Research has 

shown that stress 

factors may 

overestimate  

EE in critically ill 

children 

Evaluated/good accuracy 

in healthy children 

Not validated in children 

Not validated in infants 

<2 months 
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4.1 Protein metabolism  

and requirements 

Nutritional prescription  
in the PICU 4 
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Catabolism: 
Substances are  

broken down 

 

Anabolism: 
Substances are  

assembled 

Chemical reactions enable the body to 

function as an integrated system 

Metabolism 

Protein metabolism is measured by nitrogen balance 

Two basic types of metabolism 
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ÅProteins are in a constant state of flux and exist either as ócompleteô 

proteins, or in the free amino acid pool 

ï Protein breakdown provides free amino acids, which are channelled 

toward tissue repair, wound healing and the inflammatory response 

ï In critically ill children, this lay lead to substantial losses of lean  

body mass 

Proteins 

1. Paediatric Intensive Care Pharmacistsô Special Interest Group, Neonatal and Paediatric Pharmacists Group.  November 2009, Revised 2011; 2. Bechard 

LJ, et al. J Pediatr 2012;161:333-339 e331. 

Amino acid 
Simplest form 

Peptide 
Chain of <99 amino acids 

Protein 
Chain of <100 amino acids 
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ÅKey sources of protein for nutritional therapy are: 

ï Milk proteins: whey, casein 

ï Soy proteins 

ÅAll proteins are not digested at the same rate:  

ï Whey empties from the stomach more rapidly 

than casein because it remains liquid and 

does not form a curd in the acidic 

environment of the stomach  

ï In the small intestine, whey is digested and 

absorbed faster than casein. 

ï Hydrolysed proteins (peptides) are easier to 

digest and more readily absorbed 

Sources of protein  
(4 kcal/g) 

Tolia V, et al. J Pediatr Gastroenterol Nutr 1992;15:297-301. 

Whey: Soluble protein 

Facilitates gastric protein 

Casein: Clot into stomach 

Delays gastric emptying time 
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Influence of stress on protein 
absorption & metabolism 

Essential to provide high-quality protein 

ÅĎ ability to absorb intact 

protein 

ÅĎ amino acid carriers in 

gut 

ï 70% of protein 

absorbed as peptides 

Altered absorption 

Åč protein requirements 

ÅLoss of lean body mass 

ÅProtein used by the body 

for energy and acute phase 

Increased protein catabolism 
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ÅóProtein balanceô describes the status of protein metabolism within 

an individual 

ï Negative balance is a marker for catabolism  

(degradation or breakdown)  

ï Positive balance indicates anabolism (synthesis) 

ÅPositive protein balance is a surrogate measure of lean body mass 

preservation 

ÅMaintaining positive protein balance is an important goal of nutrition 

therapy in critically ill children 

 

Protein balance 

Paediatric Intensive Care Pharmacistsô Special Interest Group, Neonatal and Paediatric Pharmacists Group. November 2009, Revised 2011; Bechard LJ,  

et al. J Pediatr 2012;161:333-339 e331. 
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EN protein requirements are age-dependent in children 

Protein requirements  
for critically ill children 

Mehta NM, et al. J Parenter Enteral Nutr  2009;33:260-276. 

The minimum recommended daily protein intake  

for critically ill children is 1.5 g/kg body weight/day 

Age A.S.P.E.N. recommendations 

0ï2 years 2ï3 g/kg/day 

2ï13 years 1.5ï2 g/kg/day 

13ï18 years 1.5 g/kg/day 
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ÅProtein needs can be determined by measuring urinary 

nitrogen excretion 

ÅProtein retention can be increased by using a balanced 

glucose/fat solution 

ÅIncreasing protein intake cannot reverse protein 

breakdown, but it can improve nitrogen balance by 

enhancing protein synthesis 

Managing protein  
requirements 

Skillman HE, Mehta NM. Curr Opin Crit Care 2012;18:192-198; Ista E, Joosten K. Crit Care Nurs Clin North Am 2005;17:385-393  
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4.2 Carbohydrate metabolism  

and requirements 

Nutritional prescription  
in the PICU: EN 4 
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Carbohydrates  
(4 kcal/g) 

Oligosaccharides (3ï10 monosaccharide units): 

- Maltodextrin 

Monosaccharides 

- Glucose 

- Fructose 

- Galactose 

Polysaccharides (10+ monosaccharide units 

linked to form long complex chains) 

- Starch, fibre 

Disaccharides 

- Glucose + Fructose = Sucrose  

- Glucose + Glucose = Maltose  

- Glucose + Galactose = Lactose 


