
– Nurses may claim CE credit for this webinar. RDs may claim CE credit for this webinar from
through 7/14/2024. To obtain a certificate of attendance: 1) Complete this survey (bit.ly/pg_surv); 2) Note event code at end of 
survey; and 3) enter event code at NutriciaLearningCenter.com in ‘My NLC Dashboard’ to add certificate to your profile. 

Presenter : Praveen Goday, MD - Professor of Pediatrics, Medical College of Wisconsin 
Program Director, Clinical Nutrition and Enteral Feeding Programs - Children’s Wisconsin 
Recording on NutriciaLearningCenter.com within ~2 weeks of live event 

 Recognize that poor growth is common in infants with and without other medical problems
 Explain how insufficient energy intake is the most common cause of poor growth
 Discuss how an energy- and nutrient-dense formula is an innovative option to improve growth in infants with poor

growth
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https://www.nutricialearningcenter.com/en/challenged-growth/webinars
https://www.nutricialearningcenter.com/en/my-dashboard/ceu-credit-request-form/
https://bit.ly/pg_surv
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Disclosures

 I have received research funding and served as 
a consultant for Nutricia

The opinions reflected in this presentation are those of the 
speaker and independent of Nutricia North America

Poor growth in infancy

 About 5% of all infants in the US meet criteria for 
moderate/severe malnutrition

 Children with chronic disease are more likely to 
be malnourished
Congenital heart disease – 15-65%

Chronic kidney disease – 6-65%

Price, et al. Nutrients. 2020;12:1409.
Toole BJ, et al. Congenit Heart Dis. 2014;9(1):15-25.
Mastrangelo A, et al. Pediatr Nephrol. 2014;29(8):1349-1358.
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Malnutrition/FTT is prevalent

1. Daymont C, et al. Acad Pediatr. 2020;20:405-12. 2. Carvalho-Salemi, et al. J Acad Nutr Diet. 2018;118:40-51.e7.

In the US, malnutrition can be as high as:

~10%
of infants 

and toddlers 
in the 

community

9.0-13.4% of children under 2 years old in a 
community setting1

• CHOP primary care network, n=83,299

• Based on three FTT percentile criteria and ICD codes

~4%
among 

hospitalized 
infants

3.9-4.1% of hospitalized infants2,3

• 4.1% of hospitalized infants had coded diagnosis of
malnutrition, may underestimate true prevalence2

• 3.9% at pediatric referral center had a discharge diagnosis of
FTT3

HIGH RISK 

Cardiac conditions
Respiratory 
Oncology disease
GI disease
Surgery 

Nutritional risk screening and its clinical significance in 
hospitalized children. 
Cao J, et al. 
Clin Nutr. 2014;33(3):432-436.

Nutritional risk screening and its clinical significance in 
hospitalized children. 
Cao J, et al. 
Clin Nutr. 2014;33(3):432-436.

Malnutrition among Hospitalized Children in the United States: Changing 
Prevalence, Clinical Correlates, and Practice Patterns between 2002 and  2011
Carvalho-Salemi J, et al.
J Acad Nutr Diet. 2018;118(1):40-51.

Malnutrition among Hospitalized Children in the United States: Changing 
Prevalence, Clinical Correlates, and Practice Patterns between 2002 and  2011
Carvalho-Salemi J, et al.
J Acad Nutr Diet. 2018;118(1):40-51.

45% of children with chronic 
diseases having nutrition risk

MALNUTRITION IN THE US IS HIGH RISK 
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Causes of poor growth

 The most common cause of poor growth in children 
with/without chronic disease is inadequate energy 
intake

 Other causes in children with chronic disease
 increased energy needs
 malabsorption
 altered nutrient utilization
 limitations in nutrient provision due to fluid status and/or 

feeding tolerance

Larson-Nath, C. and Goday, P. Malnutrition in Children With Chronic Disease. Nutr Clin Pract. 2019. 34:349-58.

Early infancy critical for later health

Early infancy is 
a critical 
window for 
muscle 
development, 
with lifelong 
implications2,3

1. van Abeelen, et al. Eur Heart J. 2012;33:538-45. 2. Barker. The Journal of Nutrition. 2007;137:1058-9. 3. Barker, et al. N Engl J Med. 2005;353:1802-9.

Infancy Adulthood

Helsinki birth cohort: factors in infancy linked with 
later negative health outcomes:1
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Health Care Burden

 2010 - Health Care Cost and Utilization Project (HCUP)

 80,710 patients, ≤ 17 years had a coded diagnosis of 
malnutrition during hospitalization (1.3% total)

Abdelhadi et al. J Parenter Enteral Nutr 2016;40(5):623 635.

9.7

3.8

0 2 4 6 8 10 12

Malnutrition diagnosis

No Malnutrition
diagnosis

Length of stay (days)

$55,255

$17,309

Malnutrition diagnosis: Pediatric

1. Guo S, et al. Reference data on gains in weight and length during the first two years of life. Pediatrics. 1991;119(3):355-62. 2. World Health Organization data for patients <2 
years old: http://www.who.int/childgrowth/standards/w_velocity/en/index.html.
Reproduced from Becker P, et al. Nutr Clin Pract. 2015 Feb;30(1):147-61 © 2015, American Society for Parenteral and Enteral Nutrition.

Primary Indicators When Two or More Points Available:

Weight gain velocity 
(<2 years of age)

Weight loss 
(2-20 years of age)

Deceleration in weight-
for-length/height z score

Inadequate nutrient 
intake

Mild Malnutrition
<75%1 of the norm2

expected for weight gain
5% usual body weight Decline of 1 z score

51-75% estimated 
energy/protein need

Moderate Malnutrition
<50%1 of the norm2 

expected for weight gain
7.5% usual body weight Decline of 2 z score

26-50% estimated 
energy/protein need

Severe Malnutrition
<25%1 of the norm2 

expected for weight gain
10% usual body weight Decline of 3 z score

≤25% estimated 
energy/protein need

Primary Indicators When Single Data Points Available

Weight-for-height z
score BMI-for-age z score

Length-/height-for-age z 
score

Mid-upper arm 
circumference

Mild Malnutrition -1 to -1.9 z score -1 to -1.9 z score No data ≥ -1 to -1.9 z score

Moderate Malnutrition -2 to -2.9 z score -2 to -2.9 z score No data ≥ -2 to -2.9 z score

Severe Malnutrition -3 or greater z score -3 or greater z score -3 z score ≥ -3 z score
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WHO guidelines for energy and protein intake for optimal catch-up growth1

Rate of gain 
(g/kg/day)

Protein 
(g/kg/day)

Energy 
(kcal/kg/day)

Protein energy ratio 
(PE %)

10 2.82 126 8.9

20 4.82 167 11.5

WHO guidance for optimal catch-up

WHO = World Health Organization
1. World Health Organization; Food and Agriculture Organization of the United Nations. Protein and amino acid requirements in human nutrition. 2007.

Long-term effects of early malnutrition on body weight 
regulation. 
Sawaya AL, Martins PA, Grillo LP, Florencio TT. 
Nutr Rev 2004: 62: S127–33 

Long-term effects of early malnutrition on body weight 
regulation. 
Sawaya AL, Martins PA, Grillo LP, Florencio TT. 
Nutr Rev 2004: 62: S127–33 

The energy cost of repleting tissue deficits during 
recovery from protein-energy malnutrition.
Jackson AA, Picou D, Reeds PJ.
Am J Clin Nutr 1977: 30: 1514–7

The energy cost of repleting tissue deficits during 
recovery from protein-energy malnutrition.
Jackson AA, Picou D, Reeds PJ.
Am J Clin Nutr 1977: 30: 1514–7

WHO Guidelines for Energy and Protein 
Intake for Optimal Catch-Up Growth*

Rate of gain:

10 g/kg/day
Recommended Intake:
Protein: 2.82 g/kg/day
Energy: 126 kcal/kg/day
PE%: 8.9%

Rate of gain:

20 g/kg/day
Recommended Intake:
Protein: 4.82 g/kg/day
Energy: 167 kcal/kg/day
PE%: 11.5%

PE% = protein-energy ratio

Protein-to-energy ratio is important

*Adapted from Joosten K, Meyer R. Eur J Clin Nutr. 2010 May;64 Suppl 1:S22-4 © 2010, Springer Nature
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ENDF improves protein status

ENDF = energy- and nutrient-dense formula; ESF = energy-
supplemented formula; SIF = standard infant formula. 

Higher protein balance 
n=18

Higher protein intakes

Compared to standard infant formula:

Nitrogen Balance, days 1-5 
(n=24)

ENDF SIF

Day g/kg/24 hours

1 -0.2 -0.3

2 0.08 -0.1 p<0.05

3 0.1 -0.06 p<0.05

4 0.2 -0.02 p<0.05

5 0.18 0.03 p<0.05

Compared to energy-
supplemented standard 
infant formula:

1

2

3

4

Baseline 6 weeks

BUN, median (mmol/L)

ENDF

ESF

Inter-group 
difference:

P=0.001
P=0.005

P=0.08

Clarke, et al. J Hum Nutr Diet. 2007;20:329-39. de Betue CT et al. Arch Dis Child. 2011 Cui Y et al. JPEN J Parenteral and 
Enteral Nutrition. 2018.

Improved protein status n=49

Current Research 
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Gap in feeding solutions for malnutrition

 Infant malnutrition
Need for an energy- and nutrient-dense formula

 Lower volumes 

No need for mixing

Can be interspersed with breastfeeding

Other Research with ENDF 

 Well tolerated

 Higher nutrient intake

 Better protein status

Randomized comparison of a 
nutrient-dense formula with an 
energy-supplemented formula 
for infants with faltering growth

Weight improvement with the use 
of protein and energy enriched 

nutritional formula in infants with a 
prolonged PICU stay

Tolerability and effects of the use of 
energy-enriched infant formula after 

congenital heart surgery: a 
randomized controlled trial

• No differences in tolerance 
(stool frequency, vomits)

+0.29 median WAZ (p=0.007)

6 week, n=49

• Constipation in only 5/70
infants, 3 infants treated for 
vomiting

+0.48 mean WAZ (p<0.001)

>14 days, n=70

• Similar frequencies of general
GI side effects

• Diarrhea more frequent in
ENDF group

Higher completion WAZ 
(p=0.042)

30 days, n=59

Clarke, et al. J Hum Nutr Diet. 
2007;20:329-39.

Eveleens, et al. J Hum Nutr Diet. 
2019;32:3-10.

Scheeffer, et al. JPEN J Parenter Enteral Nutr. 
2020;44:348-54.
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The GROW-IN Study
Initial presentations of results:

Goday P, Lewis J, Sang C, et al. Energy- and protein-enriched formula improves weight gain in 
infants with poor growth. ASPEN Conference. 20-23 March; Virtual. JPEN J Parenteral Enter 

Nutr. 2021;45:S224-5(P143).

Goday P, Lewis J, Sang C, et al. Energy- and protein-enriched formula improves weight gain in 
infants with poor growth with cardiac and non-cardiac etiologies. Poster presented at Annual 

Update on Pediatric and Congenital Cardiovascular Disease. 11-14 February; Virtual. 
Children's Hospital of Philadelphia. 2021.

Manuscript under review by JPEN J Parent Enter Nutr

https://clinicaltrials.gov/ct2/show/NCT03563391

Concentrating and/or adding modular(s) to infant formula:

1. Increases osmolality,1 can be poorly tolerated2,3

2. Increases risk of mixing errors4-6 – powders and/or complex recipes

3. Macronutrient distribution not tailored for the needs of infants with
failure to thrive2

4. Protein-Energy ratio of concentrated standard infant formula does not
meet expert recommendations for catch-up growth:

• only ~8% energy from protein vs. target of 9-12%2

5. Energy- and nutrient-dense liquid solutions exist in other countries

BACKGROUND: Challenges of Current Practice 
in Feeding Infants with Failure to Thrive

1. Steele, et al. J Hum Nutr Diet. 2013;26:32-7. 2. Slicker, et al. Congenit Heart Dis. 2013;8:89-102. 3. Roman. Pract Gastroenterol. 2011 2. World Health Organization; Food and 
Agriculture Organization of the United Nations. Protein and amino acid requirements in human nutrition. 2007. 4. Renfrew, et al. Arch Dis Child. 2003;88:855-8. 5. Plaster, et al. J 
Am Diet Assoc. 1996;96:A-64. 6. Altazan, et al. Pediatr Obes. 2019;14:e12564.
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Challenges of Current Practice in Feeding FTT

1. Steele, et al. J Hum Nutr Diet. 2013;26:32-7. 2. Slicker, et al. Congenit
Heart Dis. 2013;8:89-102. 3. Roman. Pract Gastroenterol. 2011 2. World 
Health Organization; Food and Agriculture Organization of the United 
Nations. Protein and amino acid requirements in human nutrition. 2007. 4.
Renfrew, et al. Arch Dis Child. 2003;88:855-8. 5. Plaster, et al. J Am Diet 
Assoc. 1996;96:A-64. 6. Altazan, et al. Pediatr Obes. 2019;14:e12564.

Increases osmolality1

Can be poorly 
tolerated2,3

Increases risk of 
mixing errors4-6

– powders and/or
complex recipes

Poor macronutrient for 
FTT2

Poor Protein-Energy 
ratio of ~8%

9-12% needed for
catch-up growth2

Concerns with 
Concentrating and/or 

adding modular 
nutrients to infant 

formula:

GROW-IN Study:
Objectives

HC = head circumference. Clinical trial approved by the Children’s Wisconsin Institutional Review Board

Evaluate a ready-to-feed, energy- and nutrient-dense formula:

Primary 
Objective

Improved weight gain in infants 
with growth failure

Weight-for-age z-score

Weight gain velocity

Secondary 
Objectives

Tolerance Stool color, number, consistency

Vomiting Gassiness Crying

Flatulence Fussiness Spit-up

Anthropometrics Weight-for-length z-score

Length-for-age z-score

HC-for-age z-score

Safety Adverse events
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GROW-IN Study: Formula Composition

EN = Energy. 1. World Health Organization; Food and Agriculture Organization of the United Nations. Protein and amino acid requirements in human nutrition. 
2007. 2. Third party laboratory testing of standard infant formulas commercially available in United States. Eurofins, Madison, Wisconsin.

STUDY 
FORMULA

24-calorie
term formulas

Powdered 
formula 
mixed at 

27 kcal/fl oz 
+FAT

to 30 kcal/fl oz

Concentration 30 kcal/fl oz 24 kcal/fl oz 30 kcal/fl oz

Protein/100 kcal 2.6 g ~1.7 g 1.7-2.0 g

% En as Protein 10.3% ~8% ~7%

OsmolalitymOsm/kg 360 370 or 380 379+-427+2

Nutritionally 
complete for 

term infants with 
FTT

 Yes
(if unmodified)

~9-12%
to promote accelerated 
weight gain of 5-10 

g/kg/d1

WHO expert 
guidance:

GROW-IN Study:
Design

Prospective

Open-label

Multicenter

16-week Intervention

Single-arm

Infants with growth failure
CHD, organic, or non-organic conditions
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GROW-IN Study:
Growth Criteria

1. Available at https://www.who.int/tools/child-growth-standards/standards/weight-velocity

 Poor growth defined as:
Weight-for-length z-score 

(WHZ) ≤ -1.0
Weight gain z-score ≤ -2.0 

over 4-to-8 weeks prior to 
enrollment, based on 
median WHO Growth 
Velocity Standards by age 
and sex1

GROW-IN Study:
Other Criteria

Inclusion Criteria:
• Infants must have attained term gestation (≥37 

weeks gestational age) Infants, male or female

• Aged 1 through 8 months

• Infants with congenital heart disease or other 
organic/non-organic cause of growth failure

• Weight-for-length z score ≤ -1.0 or weight gain 
≤ -2.0 z score based on WHO growth standards

• Infants expected to consume (or obtain via tube 
feeding), on average, 80% of their total energy 
intake from ENDF for 16 weeks
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ENDF has been overall well tolerated

 Stool output may increase 
early in transition

 Transition if 
 history of poor tolerance
 acutely unwell
 <12 weeks of age

 Watch for concurrent 
medication changes: can 
impact GI symptoms

Evans S et al. J Hum Nutr Diet. 2006.

Infants <12 weeks may benefit from 
gradual transition to an ENDF to avoid 

frequent bowel movements

26

27
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When transition to ENDF needed:

Infant <12 weeks and orally fed – FADE BY REPLACING FEEDINGS 
Day 1: Give 3 feeds of original formula & remainder of feedings as ENDF
Day 2: Give 2 feeds of original formula & remainder of feedings as ENDF
Day 3: Give 1 feed of original formula & remainder of feedings as ENDF
Day 4: All feedings - ENDF

Child ≥12 weeks and requiring transition or any drip-fed child – FADE BY BLENDING
Day 1:   50% ENDF, 50% old formula
Day 2:   70% ENDF, 30% old formula
Day 3:   90% ENDF, 10% old formula
Day 4: 100% ENDF

Note: RD calculated percentages of ENDF and old formula based on volume, not calories. 
Intake targets set by site PI based on individual needs, age, and medical condition(s).

GROW-IN Study:
Population

 30 infants enrolled (Jan 2018 – Jan 2020)

 Cause of growth failure for all subjects enrolled:

Congenital 
Heart 

Disease

Other 
Organic 
Causes

Non-
Organic 
Causes

16 11 3
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Population Baseline Characteristics

 Gestational age: 37.4 ± 3.2 weeks

 Age at Visit 1: 22.2 ± 10.5 weeks

N=26 Per Protocol subjects. WAZ = weight-for-age z-score.

Male n=16 
(61.5%)

Female n=10 
(38.5%)

White n=11 
(42.3%)

Black n=12 
(46.2%)

Hispanic/Latino n=3 
(11.5%)

-0.19

-2.92

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1
Birth Baseline

W
A

Z

Mean WAZ prior to 
intervention

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

Baseline +2 weeks +4 weeks +8 weeks +12 weeks +16 weeks

W
A

Z

Mean (SD) WAZ over the duration of feeding intervention

All CHD non-CHD

Significant improvements in WAZ

CHD = congenital heart disease; WAZ = weight-for-age z-score

+0.86
±0.74

mean WAZ 
from 

baseline 
(p=0.0001)

Weight-for-
age:

-2.93

-2.07
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Significant improvements in HAZ

CHD = congenital heart disease; HAZ = length-for-age z-score

+0.25
±0.61

mean HAZ 
from 

baseline 
(p=0.003)

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

Baseline +2 weeks +4 weeks +8 weeks +12 weeks +16 weeks

H
A

Z

Mean (SD) HAZ over the duration of feeding intervention

All CHD non-CHD

Length-for-
age:

-2.09

-1.84

Significant improvements in Weight-for-
Length z-score (WHZ)

CHD = congenital heart disease; WHZ = weight-for-length z-score

+0.77
±0.81

mean WHZ 
from 

baseline 
(p=0.0001)

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0
Baseline +2 weeks +4 weeks +8 weeks +12 weeks +16 weeks

W
H

Z

Mean (SD) WHZ over the duration of feeding intervention

All CHD non-CHD

Weight-for-
length:

-1.3

-2.07
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Significant improvements in HCZ

CHD = congenital heart disease; HCZ = head circumference z-score

+0.54
±0.68

mean HCZ 
from 

baseline 
(p=0.0001)

Head 
circumference:

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5
Baseline +2 weeks +4 weeks +8 weeks +12 weeks +16 weeks

H
C

Z

Mean (SD) HCZ over the duration of feeding intervention

All CHD non-CHD

-0.85

-1.39

Most infants achieved appropriate rate of 
catch-up growth

Percentage of infants who achieved weight gain 
velocity >WHO median:

*Early success = WHZ ≥0 or weight velocity > +2 z-score for age at two consecutive visits: transitioned to lower energy-density formula. Two
infants in the PP group withdrew early and are not included.

83% 67%
At ≥1 time 

point
For overall 

study 
period

No difference 
in time to 
meeting 
weight gain 
velocity target 
by presence of 
CHD

13%
Met 

criteria for 
“early 

success”*
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13% met “early success” criteria

*Early success = WHZ ≥0 or weight velocity > +2 z-score for age at two consecutive visits: transitioned to lower energy-density formula.

+51 g/d

+48 g/d

+30 g/d

+40 g/d

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

Entry End

W
A

Z

Energy intake reached target range

CHD = congenital heart disease; HCZ = head circumference z-score. WHO = World Health Organization. 1. World Health Organization; Food and Agriculture 
Organization of the United Nations. Protein and amino acid requirements in human nutrition. 2007.

50
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80
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100

110

120

130

140

150

160

170

+2 weeks +4 weeks +8 weeks +12 weeks +16 weeks

C
al

o
ri

e 
in

ta
ke

, k
ca

l/
kg

/d

Mean daily total calorie intake per kg body weight over 
the duration of feeding intervention

Total daily calories Daily calories from ENDF

94.3%
±7.5% 
average 
energy 

intake from 
ENDF

105-126
kcal/kg/d
to promote
accelerated

weight gain of
5-10 g/kg/d1

105-126
kcal/kg/d
to promote
accelerated

weight gain of
5-10 g/kg/d1

WHO 
expert 

guidance:

Total energy intake:
123±32 kcal/kg/d 

ENDF intake: 
116±32 kcal/kg/d
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ENDF Intake, CHD vs. Non-CHD

 Comparing CHD and non-CHD sub-groups:
Mean daily intake: no significant difference in 

(kcal/kg/day) across visits (p=0.40)

Mean daily caloric intake from ENDF:
no significant difference (p=0.11)

 Significantly higher % calories from ENDF at 
all visits for CHD infants (p=0.03)
Most pronounced at 12 & 16 weeks.

ENDF was well tolerated

No change from 
baseline

Significant decreases 
from baseline

Stool 
consistency

• Frequency of
vomiting

• Flatulence
• Fussiness
• Number of

stools per day

• Frequency of spit up
• Gassiness
• Crying

Significantly 
different from 

baseline at 2 and 
4 weeks

No significant differences from 
baseline observed for the per 
protocol group at any visit

Compared to baseline, frequency of spit up was 
lower at 4 to 16 weeks, crying was decreased at 
4 and 16 weeks, and gassiness was decreased 
at 12 and 16 weeks (all p<0.05).

Stool consistency was 
significantly different from 
baseline at 2 and 4 weeks 
(p<0.05)
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Results: Tolerance

Conclusions

1. Goday P, et al. ASPEN Conference. 20-23 March; Virtual. JPEN J Parenteral Enter Nutr. 2021;45:S224-5(P143). 2. Goday P, et al. Presented at
Annual Update on Pediatric and Congenital Cardiovascular Disease. 11-14 February; Virtual. Children's Hospital of Philadelphia. 2021. 3.
Manuscript under review by JPEN J Parent Enter Nutr.
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Thank you

Feedback, Please!
Certificate of Attendance

Provide feedback and receive Certificate of Attendance:

1. Open the camera on your smartphone and hold over the QR code 
OR

Access the survey via: bit.ly/pg_surv

2. Complete survey – find event code at end of survey

3. Visit www.NutriciaLearningCenter.com
Enter event code into your NLC Dashboard
Certificate added to your NLC profile

Nutricia Learning Center is provided by Nutricia North America
For questions on this webinar or Nutricia’s products, please email:

NutritionServices@nutricia.com or call: 1-800-365-7354 

bit.ly/pg_surv

https://bit.ly/pg_surv
https://bit.ly/pg_surv
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