
What is Growth Failure?
• Otherwise known as failure to thrive, 

undernutrition, malnutrition, faltering 
growth, or weight faltering.

• Prevalence: About 5% of US infants 
meet the criteria for moderate or severe 
malnutrition
 – Acute or chronic disorders can cause 
growth failure at even higher rates.1 

• Malnutrition in infants is an imbalance 
between nutrient requirement and 
intake resulting in cumulative deficits of 
energy, protein, or micronutrients which 
potentially leads to negative effects 
on growth, development, and clinical 
outcomes.2 See Figure 1. 

Continues on next page

Figure 1. Defining Malnutrition in Hospitalized Children: Key Concepts

Primary Indicators of Pediatric Malnutrition When Single Data Point is Available

Indicator Mild Malnutrition Moderate Malnutrition Severe Malnutrition

Weight-for-height z score –1 to –1.9 z score –2 to –2.9 z score –3 or greater z score

BMI-for-age z score –1 to –1.9 z score –2 to –2.9 z score –3 or greater z score

Length/height-for-age z score No data No data –3 z score

Mid-upper arm circumference Greater than or equal to  
–1 to –1.9 z score

Greater than or equal to 
–2 to –2.9 z score

Greater than or equal to  
–3 z score

BMI, body mass index Reprinted from Becker P, Carney LN, Corkins MR, et al. Consensus statement of the Academy of Nutrition and Dietetics/American Society for Parenteral and Enteral Nutrition: indicators recommended for the 
identification and documentation of pediatric malnutrition (undernutrition). Nutr Clin Pract. 2015;30:147-61.

Figure 1 reprinted from Mehta NM, Corkins MR, Lyman B, et al. Defining pediatric malnutrition: a paradigm shift toward etiology-related definitions. J Parenter Enter Nutr. 2013;37:460-481.  
© American Society for Parenteral and Enteral Nutrition.

ANTHROPOMETRY ETIOLOGY & CHRONICITY MECHANISM IMBALANCE OF NUTRIENTS OUTCOMES

Parameters
Weight, height or 
length, skin folds, 
mid-upper arm 
circumference

Statistic
Z-scores

Reference Charts
WHO MGRS  
(0-2 yrs)
CDC 2000 
(2-20 yrs)

NON-ILLNESS RELATED
Behavioral, socioeconomic  
or environmental

ILLNESS RELATED

ACUTE (<3 MONTHS)
e.g.: Infection, Trauma, Burns

CHRONIC (≥3 MONTHS)
e.g.: Cystic Fibrosis, Chronic 
lung disease, Cancer

OR

+/–

STARVATION
Anorexia, socioeconomic, 
Iatrogenic feeding 
interruptions, or intolerance

Altered utilization of 
nutrients

MALNUTRITION

Loss of lean  
body mass

Muscle  
weakness

Developmental or 
intellectual delay

Infections

Immune 
dysfunction

Delayed wound 
healing

Prolonged  
hospital stay

INTAKE < REQUIREMENT

ENERGY +/–
PROTEIN IMBALANCE

MICRONUTRIENT 
DEFICIENCIES 

MALABSORPTION

NUTRIENT LOSS 

HYPERMETABOLISM
  Energy expenditure 

INFLAMMATION

N
UT

R
IE

N
T 

R
EQ

UI
R

EM
EN

T
IN

TA
K

E

References
1. Price AA, Williams JA, Estes Doetsch H, et al. Utilization of Current Diagnostic 

Indicators to Characterize Pediatric Undernutrition among US Children. Nutrients. 
2020;12.

2. Mehta NM, Corkins MR, Lyman B, et al. Defining pediatric malnutrition: a paradigm 
shift toward etiology-related definitions. J Parenter Enter Nutr. 2013;37:460-481.

3. World Health Organization; Food and Agriculture Organization of the United Nations; 
United Nations University. Protein and amino acid requirements in human nutrition: 
report of a joint FAO/WHO/UNU expert consultation. 2007.

4. World Health Organization, the Food and Agriculture Organization of the United 
Nations, or the United Nations University. Energy and protein requirements. World 
Health Organization Technical Report Series 724. 1985.

5. Slicker J, Hehir DA, Horsley M, et al. Nutrition algorithms for infants with hypoplastic 
left heart syndrome; birth through the first interstage period. Congenit Heart Dis. 
2013;8:89-102 

6. Roman B. Nourishing little hearts: nutritional implications for congenital heart 
defects. Pract Gastroenterol. 2011;35:11-34

7. Renfrew MJ, Ansell P, Macleod KL. Formula feed preparation: helping reduce the 
risks; a systematic review. Arch Dis Child. 2003;88:855-8.  

8. Plaster SE, Bergman EA. Variability of Infant Formula Scoop Weights. J Am Diet 
Assoc. 1996;96:A-64

9. Altazan AD, Gilmore LA, Guo J, et al. Unintentional error in formula preparation 
and its simulated impact on infant weight and adiposity. Pediatr Obes. 
2019;14:e12564

10. Kleinman RE, ed. Pediatric Nutrition Handbook. 7th ed. American Academy of 
Pediatrics, 2014. 

11. Mehta NM, Compher C, et al. A.S.P.E.N. Clinical Guidelines: Nutrition Support of the 
Critically Ill Child. JPEN J Parenteral Enter Nutr. 2009;33(3):260-276.

12. Goday P, Lewis J, Sang C, et al. Energy- and protein-enriched formula improves 
weight gain in infants with malnutrition due to cardiac and non-cardiac etiologies.  
JPEN J Parenteral Enter Nutr. 2021; doi/10.1002/jpen.2308 

Nutrition Management of Term Infants with Growth Failure



Nutrition Management of Infant Growth Failure
Ideal protein-energy ratio for optimal catch-up growth is 8.9-11.5%.3

• At least 126 kcal/kg/d and 8.9% energy from protein (i.e. 2.8 g/kg/d) 
are needed to support infant growth recovery with appropriate lean to fat 
tissue deposition at 10 g/kg/d.3

• All rates of catch-up, there will be some increase in the ratio of protein 
to energy requirement, over and above that appropriate to the age of the 
child.4

Challenges with feeding infants with growth failure:
Osmolality – Modulars increase osmolality and can cause intolerance.5,6

Nutrition Profile – Standard infant formula macronutrient distribution is not 
designed for infants with growth failure — these infants need higher protein: 
calorie ratio.5

Mixing Errors – Powders and complex recipes can lead to mixing errors.7-9

Catch-up growth may need additional protein/energy intake:

Calorie Needs for Growth Failure:10 

Kcal/kg/day = 
IBW (kg) x kcal/kg/day (DRI for age)

Actual wt (kg)

Protein Needs for Growth Failure:11 
2-3g/kg/day (illness/surgery)

Suggest Energy-Dense Formula to Manage Growth Failure
• 30 kcal/fluid ounce to support 

high energy needs and fluid 
restriction      

• 2.6 g of protein/100 kcal
• Lower osmolarity (AAP suggests 

<400mOsm/L)                           

• Well-tolerated and supports 
growth12

• Ready-to-feed sterile liquid
• Nutritionally complete
• Can be used to supplement 

infants consuming breastmilk

Consensus-based Pre-operative Nutrition Pathway

NUTRITION 
CARE 

PLAN A

• Growing well-tracking birth centile
• Able to meet nutritional 

requirements orally
• Local team to monitor growth/

feeding progress

• Normal energy and protein 
requirements 90-100 kcal/kg 
Protein 1.5 g/kg (e.g., 2 g protein 
per 150 mL)

• Normal fluid allowance (150mL/
kg or above

• Breastfeeding or regular infant 
formula on demand

NUTRITION 
CARE 

PLAN B

• Not growing well (e.g., 1-2 centile 
below birth centile)

• CHD lesion with higher nutrition 
risk but drinks well

• Finishes >75% of feeds daily
• Fluid < 120 mL/kg/day
Review every 2 weeks 
• Step 2 growth – using an 

appropriate growth chart
• Step 3 – how an infant is eating  

or drinking
• Step 4 – what and how much is 

eaten or drunk

• Approximately 10% extra energy 
100-110 kcal/kg (protein 
contributing 9-12% energy)

• Approximately 30-50% more 
protein (around 2.5 g/kg protein)

• Breastmilk or standard infant 
formula in addition to 30-80% 
(and up to 100%) of nutrition 
requirements from nutrient dense 
infant formula per day

NUTRITION 
CARE 

PLAN C

• Not growing (e.g., >2 centile below 
birth centile)

• CHD lesion with higher nutrition 
risk

• Requires NGT/NIT for feeding
• Fluid intake <100 mL/kg/day
Review every week 
• Step 2 growth – using an 

appropriate growth chart
• Step 3 – how an infant is eating  

or drinking
• Step 4 – what and how much is 

eaten or drunk

• May be fluid restricted
• Approximately 10-20% extra 

energy 120-150 kcal/kg (protein 
contributing 10-15% energy)

• Approximately 50-100% more 
protein (up to 4g/kg protein-check 
renal function)

• Breastmilk or standard infant 
formula in addition to a minimum 
of 50% (and up to 100%) of 
nutrition requirements as energy/ 
nutrient dense infant formula or as 
overnight or nasogastric feeds 

Reprinted with permission from Marino LV, Johnson MJ, Davies NJ, et al. Improving growth of infants with congenital heart disease using a consensus-based nutritional 
pathway.  Clin Nutr. 2020 Aug;39(8):2455-2462.
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