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Learning Objectives

Upon completion of this educational activity, the learner will be able to:

1) Review the physiology and clinical signs of refeeding syndrome (RFS)

2) Identify infants who are at risk for developing RFS

3) Describe strategies/interventions to minimize or prevent RFS in at-risk 
infants

Refeeding Syndrome: General Definition and Key 
Features1,2

1Da Silva JS et al. Nutr Clin Pract. 2020; 2De Silva A, Nightingale JMD. Frontline Gastroenterol. 2020.

Definition and Biochemical Features

Involves metabolic and electrolyte disturbances, chiefly 
hypophosphatemia, after nutrition reintroduction

Clinical Risks and Outcomes

If unrecognized, RFS can cause respiratory failure, arrhythmias, 
neuromuscular weakness, and death

A.S.P.E.N. Consensus Definition1

A decrease in any 1, 2, or 3 of serum phosphorus (P), potassium 
(K), and/or magnesium (Mg) and/or organ dysfunction

 Mild: 10-20% decrease

 Moderate: 20-30% decrease

 Severe: > 30 % decrease and/or thiamin deficiency

Diagram of key events in RFS2
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Neonatal Refeeding Syndrome3,4

Condition of metabolic derangements attributable 
to impaired transplacental nutrient transfer 
followed by a relative abundance of nutrient 
availability4

Associated with:

3Cormack BE et al. J Parenter Enteral Nutr, 2021; 4Robinson DT, Taylor SN, Moya F. J Perinatol. 2023.

Metabolic acidosisHypophosphatemia
HypovolemiaHypokalemia
Respiratory alkalosisHypomagnesemia
Delayed time to full enteral feedingHypercalcemia
SepsisHypernatremia
Chronic Lung diseaseHyperglycemia

Proposed mechanisms for neonatal RFS and possible effects on clinical outcomes3

Pathophysiology of Neonatal RFS5

5Bonsante F et al. PLOS One. 2013.

Placental 
insufficiency

Reduced fetal 
mineral stores PN initiation

Insulin surgeIntracellular uptakeHypophosphatemia 
& Hypercalcemia
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Neonatal Populations: Who is at Risk for RFS?6-7

Maternal Risk Factors
￮ Preeclampsia, Pregnancy-induced HTN, Chronic HTN
￮ Placental insufficiency

 Fetal Risk Factors
￮ Increased resistive indices in the umbilical artery
￮ Small-for-Gestational-Age (SGA)
￮ Fetal Growth Restriction (FGR) 

• Previously, intrauterine growth restriction (IUGR)

Neonatal Factors
￮ Extremely or Very Low Birth Weight (ELBW/VLBW)
￮ Initial high amino acid intake
￮ Delayed phosphorus supplementation

6Ross JR et al. J Perinatol. 2013; 7Sung SI et al. PLoS One. 2019.

HTN: hypertension; ELBW: ≤ 1000 grams; VLBW: ≤ 1500 grams

Why is Neonatal RFS Different?

Neonatal RFSAdult RFS
Placental deprivation; fetal growth restrictionProlonged starvation or 

chronic illness
Occurs with initiation of IV amino acids & glucose 
(early PN)

-typically, within 1-2 hours after birth
-decreased initial electrolyte supplementation

Occurs with eating (by 
mouth, EN, or PN)

Kidneys + metabolic systems cannot balance rapid 
influx of nutrients with low mineral supplies

Insulin forces P, K, Mg 
into the cell 

Low P, often K, hypercalcemia, metabolic acidosisLow serum P, K, Mg 
levels

3Cormack BE et al. J Parenter Enteral Nutr, 2021.

P = Phosphorus; K = Potassium; Mg = Magnesium
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Biochemical Manifestations and 
Incidence

Common Biochemical Abnormalities in Neonatal RFS 6,7

6Ross JR et al. J Perinatol. 2013; 7Sung SI et al. PLoS One. 2019.

Most Common
Most common neonatal RFS abnormalityHypophosphatemia
Arises from low phosphorus affecting bone mineralizationHypercalcemia
Due to insulin-driven cellular uptakeHypokalemia

Additional Findings
Worsens hypokalemia by impairing kidney's potassium retentionHypomagnesemia
Excess glucose delivery
Relative insulin resistance

Hyperglycemia

Fluid imbalance
Concentrated PN solution

Hypernatremia
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Hypophosphatemia: Hallmark 
Abnormality6-8

• Decreased ATP Production
• Respiratory Dysfunction 

(diaphragm weakness)
• Hemolysis, thrombocytopenia, 

leukocyte dysfunction, 
decreased O2 delivery

• Neuromuscular dysfunction
• Ileus/delayed gut motility

6Ross JR et al. J Perinatol. 2013; 7Sung SI et al. PLoS One. 2019; 8Mihatsch WA et al. Clin Nutr. 2018.

Other Electrolyte Disturbances and 
Metabolic Effects5,8

Hypercalcemia and Bone Mineralization
Neonatal hypercalcemia arises from low 
phosphorus availability affecting bone 
mineralization and increasing calcium levels.

Hypokalemia and Hypomagnesemia 
Interaction
Hypokalemia and hypomagnesemia often occur 
together due to insulin shifts, with magnesium 
deficiency impairing potassium correction.

Hyperglycemia and Hypernatremia 
Causes
Hyperglycemia results from high glucose 
infusion or insulin resistance; hypernatremia 
may stem from concentrated nutrition or fluid 
restriction.

5Bonsante F et al. PLOS One. 2013.8Mihatsch WA et al. Clin Nutr. 2018.
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Hypercalcemia and Hypophosphatemia5,8

5Bonsante F et al. PLOS One. 2013

• Elevated calcium should raise concern for phosphorus deficiency
• Increased amino acid intake increases severity 

Hypokalemia and Hypomagnesemia1,6,8

• Hypokalemia
￮ Arrythmia risk
￮ Neuromuscular dysfunction with weakness and paresthesia
￮ Ileus/delayed gut motility
￮ Seizures

• Hypomagnesemia
￮ Impairs correction of potassium (impairs Na/K ATPase)
￮ Weakness, tremors, seizures
￮ Delayed gut motility

1Da Silva JS et al. Nutr Clin Pract. 2020 ; 6Ross JR et al. J Perinatol. 2013; 8Mihatsch WA et al. Clin Nutr. 2018. 
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Hypernatremia and Hyperglycemia1,7,9

• Hypernatremia
￮ Concentrated PN
￮ Fluid restriction, hypovolemic

• Hyperglycemia
￮ Insulin implications
￮ Early PN/excessive glucose administration 
￮ Possible dehydration (increased urine output)

1Da Silva JS et al. Nutr Clin Pract. 2020; 7Sung SI et al. PLoS One. 2019; 9Jochum F et al. Clin Nutr. 2018. 

Biochemical Values4

Incidence in Neonatal RFSAbnormal serum levelBiochemical Value
20-90%< 4 mg/dL; severe < 2.5 mg/dLHypophosphatemia*
< 10% to 67%< 3.5 mEq/LHypokalemia

< 1.5 mg/dLHypomagnesemia
Ionized: > 1.5 mmol/L
Total: > 2.8 mmol/L

Hypercalcemia

> 145 mEq/LHypernatremia
Varies: > 150 or 180 mg/dLHyperglycemia

4Robinson DT, Taylor SN, Moya F. J Perinatol. 2023.

*Values vary—no consensus on severe hypophosphatemia definition 
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Incidence of Neonatal RFS—How Common is it?3,6,10

FindingPopulationStudy

41.2% hypophosphatemiaIUGR VLBWRoss 2013

11.4% severe hypophosphatemiaIUGR VLBWRoss 2013

~20% refeeding syndromeELBW infantsCormack 2020

20–90% depending on definitionHigh-risk infantsBradford Review 2021

Incidence varies considerably – no universally accepted neonatal definition

3Cormack BE et al. JPEN J Parenter Enteral Nutr. 2021; 6Ross JR, Finch C, Ebeling M, Taylor SN. J Perinatol. 2013; 10Bradford CV, Cober MP, Miller JL. J Pediatr Pharmacol Ther. 2021. 

Key Evidence3,6,7

Ross Study (2013) on IUGR and Hypophosphatemia

Ross et al. revealed higher hypophosphatemia rates in infants with intrauterine growth restriction compared to peers.

3Cormack BE et al. JPEN J Parenter Enteral Nutr. 2021; 6Ross JR et al. J Perinatol. 2013; 7Sung SI et al. PLoS One. 2019.

Cormack Study (2021) on Clinical Outcomes

Cormack linked neonatal refeeding syndrome to increased morbidity and mortality in extremely low birth weight infants.

Sung Study (2019) on Nutrition Practices

Sung demonstrated that high amino acid intake in small-for-gestational-age infants raises severe hypophosphatemia risk.

Implications for Neonatal Care

These studies support early risk identification and careful nutrition adjustments to improve neonatal outcomes.
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Short- and Long-Term Morbidities3,6

Respiratory 
Complications

Cardiac and 
Hematologic 
Effects

Infection 
Susceptibility

Clinical 
Significance 

and Outcomes

3Cormack BE et al. JPEN. 2021; 6Ross JR et al. J Perinatol. 2013.

Prevention, Monitoring, and 
Management
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Screening and Biochemical Monitoring 
Strategies4

Risk Identification and Baseline 
Screening
High-risk neonates require baseline 
biochemical screening within 24 hours to 
assess phosphorus, potassium, magnesium, 
and calcium levels.

Daily Monitoring After Nutrition Start
Daily biochemical monitoring during first 3-5 
days detects electrolyte abnormalities emerging 
post nutritional initiation.

Standardized NICU Protocols
Standardized monitoring protocols ensure 
consistency and early identification of 
downward biochemical trends in neonates.

4Robinson DT, Taylor SN, Moya F. J Perinatol. 2023.

Prevention and Management of Established 
Neonatal RFS8,12

Prevention Strategies
Align nutrient delivery to infant metabolic needs; early 
phosphorus provision is crucial in parenteral nutrition.

Risk Identification and Tailored Nutrition
Identify high-risk infants early to customize amino acid 
advancement and electrolyte supplementation.

Management of Established RFS
Replace phosphorus promptly, correct magnesium and 
potassium, reassess nutrition plans.

Interdisciplinary Collaboration
Neonatologist, dietitian, pharmacist, and nurse collaboration 
ensures effective prevention and management.

8Mihatsch WA et al. Clin Nutr. 2018; 12Wright TB et al. JPEN. 2025. 

Prevention is easier than treatment!
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Review: Infants at High-Risk for RFS4,11

Placental insufficiency

Maternal preeclampsia, pregnancy-induced HTN, chronic HTN

Umbilical artery doppler abnormalities

SGA

FGR

4Robinson DT, Taylor SN, Moya F. J Perinatol. 2023; 11De Rose DU et al. Front Nutr. 2024.

Early PN with high amino acids sets the stage for ALL ELBW and VLBW infants to show metabolic 
disturbances consistent with RFS

Management and Prevention of RFS – Establishing 
Guidelines for Clinical Practice
Early identification of high-risk neonates

 Identify severity using established criteria

Early phosphorus provision
 Include in initial/early PN
Appropriate Ca:P molar ratio in PN during the first postnatal week

Careful advancement of nutrition support (PN)

Frequent electrolyte monitoring
Correct phosphorus, potassium and magnesium promptly as needed

Identify Monitor
Provide 
sufficient 

repletion (as 
needed)

Adjust PN

For consideration: Early 
thiamin supplementation
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Reducing the Incidence of Neonatal RFS12

12Wright TB et al. JPEN. 2025.

After 
Intervention

Before 
Intervention

Outcome

2.9%11.9%Refeeding Syndrome

21.2%53.5%Hypophosphatemia

1.2%11.3%
Severe 
Hypophosphatemia

Quality Improvement Initiative in ELBW infants

• Increased early phosphorus provision
• Standardized biochemical monitoring
• Evaluated incidence of neonatal RFS 

before and after intervention

Early phosphorus provision combined with routine monitoring 
significantly reduced RFS and severe hypophosphatemia

Thiamin supplementation?13,14

• Routinely provided with pediatric and adult RFS

• Not well-studied in neonatal population (QI studies, case reports)

13Oyewole V, Cerdena J, Bonck M. Crit Care Med. 2019.; 14Bradley C, Hansen A, Levy P, Hashim E. J Parenter Enteral Nutr. 2023.

Study
No incidence of severe 
hypophosphatemia (< 2.5 mg/dL) with 
supplementation 

Early IUGR PN with added P and 
thiamin; 1:1 Ca:P ratio

Pilot Study (QI)
Oyewole 2019

Electrolyte derangements + lactic 
acidosis with PN; 
thiamin added (2 mg/kg); thiamin bolus 
(25 mg IV) given

SGA full-term neonate with hypoxic 
ischemic encephalopathy

Case Report
Bradley 2023
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Suggested Biochemical Monitoring Schedule and 
Repletion Guidelines15,16

LabsDay
P, K, Mg, Ca (at 24 hours of life)Birth
Daily electrolytes with Mg, PPostnatal Day 1-3
Daily or every other dayPostnatal Day 4-7

15Adapted from Texas Children’s Hospital Pediatric Nutrition Reference Guide (13th ed). 2022.; 16Dabney, M. Refeeding Syndrome (RFS) Nutrition & Lab Considerations. 

Replacement Dosing
(Neonatal)

IndicationElectrolyte

NaPhos 0.3 mmol/kg/dose IV< 3 mg/dLHypophosphatemia
KCl 1 mEq/kg/dose IV< 3 mmol/LHypokalemia
Mg Sulfate 50 mg/kg/dose IV< 1 mg/dLHypomagnesemia

PN Adjustment and Management 5,10,15

5Bonsante F et al. PLOS One. 2013.; 10Bradford CV, Cober MP, Miller JL. J Pediatr Pharmacol Ther. 2021.; 15Adapted from Texas Children’s Hospital 
Pediatric Nutrition Reference Guide (13th ed). 2022.

• Early PN: Consider a customized starter IUGR bag containing 
phosphorus, lower amino acids (≤ 3 g/kg/d), possibly thiamin
￮ A suggested 0.33 mmol of phosphate is needed for every 1 g amino acid

• Calcium:Phosphorus molar ratio 0.8 to 1:1 during the first postnatal week

• Replete electrolytes outside of PN bag as needed

• PN adjustments as needed
￮ Increase phosphorus by 0.3-0.5 mmol/kg/day
￮ Maintain lower Ca:P ratio during first postnatal week
￮ Increase potassium by 1 mEq/kg/d (0.5 mEq/kg with renal concerns)
￮ Increase magnesium by 0.1 mEq/kg/d

27
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Key Takeaways 

Recognition of Neonatal Refeeding Syndrome
Neonatal RFS is a critical yet underrecognized condition in high-risk infants during 
nutritional rehabilitation.

Key Biochemical Indicator
Hypophosphatemia is the hallmark biochemical abnormality, essential for diagnosing 
RFS in neonates.

Risk Factors
Infants who are SGA, FGR, or ELBW with placental insufficiency or maternal 
preeclampsia have the highest risk.

Prevention and Management
Early phosphorus supplementation and structured monitoring significantly reduce the 
incidence of RFS.

Learning Assessment—Question #1

Infants at risk for neonatal RFS include all the following, except:

a. A 36-week infant with significant fetal growth restriction secondary to 
placental insufficiency

b. A 24-week SGA infant born to a mother with severe preeclampsia

c. A 30-week AGA infant delivered secondary to maternal spontaneous 
rupture of membranes

d. A 27-week VLBW infant born to a mother with chronic HTN receiving 
starter PN with dextrose, 3.5 g/kg amino acids, and no electrolytes

29
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Question #2

Neonatal RFS is activated by the following factor(s):

a. High amino acid and low electrolyte intakes

b. High dextrose and fat intakes

c. Delayed initiation of PN 

d. All the above

Question #3

What are the most common biochemical findings associated with neonatal 
RFS?

a. Hypophosphatemia, Hyperkalemia, Hypomagnesemia

b. Hypophosphatemia, Hypocalcemia

c. Hypophosphatemia, Hypokalemia, Hypercalcemia

d. Hyperglycemia, Hyperkalemia

31
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Question #4

Which of the following management strategies are effective to minimize or 
prevent neonatal RFS?

a. Formulate a customized starter PN solution with lower amino acids (≤ 3 
g/kg) with phosphorus

b. Provide a calcium-to-phosphorus molar ratio of 0.8-1:1 during the first 
postnatal week

c. Monitor and electrolytes frequently and replete as needed

d. All the above

Questions?

33

34



9/8/2026

18

References List

1. da Silva JSV, Seres DS, Sabino K, Adams SC, Berdahl GJ, Citty SW, Cober MP, et al. ASPEN Consensus Recommendations 
for Refeeding Syndrome. Nutr Clin Pract. 2020;35(2):178-195. doi:10.1002/ncp.10474. 

2. De Silva A, Nightingale JMD. Refeeding syndrome : physiological background and practical management. Frontline 
Gastroenterol. 2019;11(5):404-409. Published 2019 Dec 30. doi:10.1136/flgastro-2018-101065.

3. Cormack BE, Jiang Y, Harding JE, Crowther CA, Bloomfield FH; ProVIDe Trial Group. Neonatal Refeeding Syndrome and 
Clinical Outcome in Extremely Low-Birth-Weight Babies: Secondary Cohort Analysis From the ProVIDe Trial. JPEN J Parenter
Enteral Nutr. 2021;45(1):65-78. doi:10.1002/jpen.1934.

4. Robinson DT, Taylor SN, Moya F. Preterm infant nutrition: considerations for infants at risk of refeeding syndrome. J Perinatol. 
2023;43(1):120-123. doi:10.1038/s41372-022-01531-1.

5. Bonsante F, Iacobelli S, Latorre G, Rigo J, De Felice, C, Robillard PY, Gouyon JB. Initial amino acid intake influences 
phosphorus and calcium homeostasis in preterm infants--it is time to change the composition of the early parenteral 
nutrition. PLoS One. 2013;8(8):e72880. 

6. Ross JR, Finch C, Ebeling M, Taylor SN. Refeeding syndrome in very-low-birth-weight intrauterine growth-restricted 
neonates. J Perinatol. 2013;33(9):717-720. doi:10.1038/jp.2013.28.

7. Sung SI, Chang YS, Choi JH, Ho Y, Kim J, Ahn SY, Park WS. Increased risk of refeeding syndrome—like hypophosphatemia 
with high initial amino acid intake in small-for-gestational-age, extremely-low-birthweight infants. PLoS One. 
2019;14(8):e0221042.

References List cont.

8. Mihatsch W, Fewtrell M, Goulet O, Molgaard C, Picaud J-C, Senterre T. ESPGHAN/ESPEN/ESPR/CSPEN guidelines on 
pediatric parenteral nutrition: Calcium, phosphorus and magnesium. Clin Nutr. 2018;37(6 Pt B):2360-2365. 
doi:10.1016/j.clnu.2018.06.950.

9. Jochum F, Moltu SJ, Senterre T, Nomayo A, Goulet O, Iacobelli S. ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric 
parenteral nutrition: Fluid and electrolytes. Clin Nutr. 2018;37(6 Pt B):2344-2353. doi:10.1016/j.clnu.2018.06.948.

10. Bradford CV, Cober MP, Miller JL. Refeeding Syndrome in the Neonatal Intensive Care Unit. J Pediatr Pharmacol Ther. 
2021;26(8):771-782. doi:10.5863/1551-6776-26.8.771.

11. De Rose DU, Maggiora E, Maiocco G, Morniroli D, Vizzari G, Tiraferri V, Coscia A, et al. Improving growth in preterm infants 
through nutrition: a practical overview. Front Nutr. 2024;11:1449022. Published 2024 Sep 10. doi:10.3389/fnut.2024.1449022.

12. Wright TB, Bloomfield FH, Alexander T, Cormack BE. Association between early phosphate intake and refeeding syndrome in 
extremely low-birth-weight infants: A retrospective cohort study. JPEN J Parenter Enteral Nutr. 2025;49(4):460-467. 
doi:10.1002/jpen.2739.

13. Oyewole V, Cerdena J, Bonck M. Prophylaxis of neonatal refeeding syndrome in intrauterine growth-restricted neonates. Crit 
Care Med. 2019;48(1) Supplement:460.

14. Bradley C, Hansen A, Levy P, Hashim E. Recognizing neonatal refeeding syndrome and thiamin supplementation: A case 
report. J Parenter Enteral Nutr. 2023;47:437-441.

15. Texas Children’s Hospital. Pediatric nutrition reference guide (13th ed.). 2022. Texas Children’s Hospital.
16. Dabney, M. Refeeding Syndrome (RFS) Nutrition & Lab Considerations. Neonatology Solutions 

(https://neonatologysolutions.com/nic-refeeding-syndrome-rfs-nutrition-and-lab-considerations/). Accessed 8/20/2026.

35

36


