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Objectives

• Review epidemiology and pathogenesis of disordered 

feeding in infants with bronchopulmonary dysplasia 

(BPD).

• Compare the risks and benefits of nasogastric (NG) vs 

nasojejunal (NJ) feeds in infants with BPD.

• Identify knowledge gaps in determination of “optimal” 

feeding disposition at discharge for infants with BPD. 
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Normal Infant Feeding
• Phase-Based

– Oral Phase

– Pharyngo-Esophageal Phase

– Gastric/Intestinal Phase

• Requires multi-organ system coordination

– Gastrointestinal (GI)

– Neurologic

– Respiratory

– Cardiac

Hasenstab and Jadcherla, Clin Perinatol 2022
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Oral Phase

• Sucking function

– Muscles: orbicularis oris, buccinators, 

the medial and lateral pterygoid, 

masseter, temporalis, mentalis, and 

intrinsic muscles of the tongue

– Nerves: CN V, VII, XII, IX, and X

• Sucking Process

– Latch with cheeks

– Tongue press to palate

– Pulling of cheeks to generate rhythmic 

sucking

– Lingual propulsion of bolus toward 

pharynx
The Virgin of the Green Cushion

Andrea Solario 

Circa 1507 – 1510

Musée de Louvre
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Pharyngo-Esophageal Phase
• Swallow patterns

– Primary peristalsis (voluntary)

• Bolus propulsion via pharyngeal 

peristalsis along with a brief (<2 

second) deglutition apnea, upper 

esophageal sphincter relaxation, 

esophageal peristalsis, and 

gastroesophageal junction relaxation

– Secondary peristalsis (involuntary)

• UES contraction, esophageal 

peristalsis, and GEJ relaxation

Hasenstab and Jadcherla, Clin Perinatol 2022
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Gastric/Intestinal Phase
• Gastric

– Receptive relaxation, contraction of LES, contraction of pyloric 

sphincter, mixing during gastric digestion, relaxation of pyloric 

sphincter followed by gastric contraction

• Intestinal

– Persistent motility

– Modified by nutritional content of feeds

Hasenstab and Jadcherla, Clin Perinatol 2022
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Normal Feeding Milestones

Milestone Definition On-Time Target

Trophic Minute volumes of enteral tube 

feeding for gut priming

10-20 ml/kg/d within 3d of 

admission

Full enteral Sufficient gastrointestinal tract 

feeding volume via tube feeding 

as a primary source of nutrition

Enteral gavage feeding of at least 

120 ml/kg/d by 2-4 weeks of life

First oral First oral offering ~33-34 weeks’ PMA based on 

infant cues

Full oral Sustained oral intake of at least 

120 ml/kg/d

~36-38 weeks PMA and/or 

hospital discharge at >150 ml/kg/d

Ad lib oral Oral feeding whenever infant 

exhibits readiness cues

Full-term PMA and/or hospital 

discharge >150 ml/kg/d

Hasenstab and Jadcherla, Clin Perinatol 2022
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What Are Feeding Issues?

• Troublesome symptoms or inadequate oral intake 

during infant feeding

• Infant feeding – any aspect of the feeding process 

between the parent/caregiver and infant

– Parent/provider: preparation, administration

– Infant: feeding skills
Hasenstab and Jadcherla, Clin Perinatol 2022
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Signs of Feeding Issues in 

Preterm Infants

Phase Symptoms

Oral Drooling, pooling, poor bolus 

extraction, ineffective bolus transit, and 

potentially aspiration

Pharyngo-esophageal Poor clearance or excessive 

secretions, achalasia, prolonged glottal 

closure (apnea and bradycardia)

Gastric/Intestinal Reflux, residuals, feeding intolerance

Hasenstab and Jadcherla, Clin Perinatol 2022
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Troublesome Feeding Symptoms May 

be Non-GI in Origin

• Tachypnea

• Apnea, bradycardia, and/or desaturation

• Excessive somnolence (“shut down”)

• Oral aversion

Hasenstab and Jadcherla, Clin Perinatol 2022
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Pathologic Feeding 

Conditions
• Gastroesophageal reflux disease (GERD)

• Aspiration

• Dysphagia
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Feeding Issues Feel Common in BPD

• Most (if not all) infants with BPD 

demonstrate “troublesome symptoms” 

during feeding

• All infants with BPD experience periods of 

“inadequate oral intake”

Anecdotal experience
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Long-term Feeding Issues with Infants 

with BPD are Rare

• Only 7% of NRN cohort with GT (76% 

placed after discharge)

• Only 11% of infants with BPD in cohort 

with GT

• Severe BPD – 22% CHNC

• Grade 3 BPD – 45% BPD Collaborative
Warren et al., JPeds 2020

Grover et al., Journal of Pediatric Surgery 2014

Cuevas Guaman et al.,  JPerinatology 2021
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Essential Question

• How do we manage “troublesome symptoms” 

while teaching infants with BPD how to feed?

– Anticipatory feeding interventions

– Feed delivery modifications

– Diagnostic evaluations

– Surgical interventions
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Anticipatory Feeding 

Interventions
• Feeding on CPAP

• Cue-based feeds
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Feeding on CPAP is Likely Safe and Efficacious

Hanin et al., Dysphagia 2015

• In N=26 infants orally fed on CPAP (n=218 feeding 

observations)

– Apnea/bradycardia - 2.7%

– Oxygen desaturation <90% - 11%

– Tachypnea and/or retractions – 14%

• All subjects successfully weaned after 2 weeks of 

feeding
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Feeding on CPAP is Likely Safe and Efficacious

Hanin et al., Dysphagia 2015
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Infants with BPD Should 

Receive Cue-Based Feeds

Davidson et al., JOGNN 2013



NCH Feeding Readiness Scoring
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Feed Delivery Modifications

• Nasogastric (NG) feedings

• Nasojejunal (NJ) feeds

• Question: Does one mode more effectively reduce 

aerodigestive sequelae of gastoesophageal reflux 

disease (GERD)? 
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Rationale for NG Feedings

• Physiologic

• Provider ease

• Standard of care
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Rationale for NJ Feedings

• Reduce risk of 

aspiration

• Avoid lung injury 

occurring secondary 

to acute-on-chronic 

aspiration
Intermountain Health/

Primary Children’s Hospital
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Hypoxemia Modestly 

Increases in NJ Feedings

Jensen et al., Arch Dis Child Fetal 

Neonatal Ed. 2020  
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NJ Feeds Associated with Unfavorable 

In-Hospital Outcomes

Levin et al., JPerinatology 2024  
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Diagnostic Evaluations

• pH Impedance

• Esophageal manometry

• Video swallow study
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pH Impedance

Jadcherla et al., Peds Research 2020
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Esophageal Manometry

Hasenstab and Jadcherla, Clin Perinatol 2022
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Video Swallow Study

Olson-Greb, B.K, Multidisciplinary Management of 

Pediatric Voice  Swallowing Disorders, 2020. 
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Surgical Interventions

• Gastrostomy tube

• Gastrojejunostomy tube

• Nissen fundoplication
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CHNC Surgical Burden in Infants with BPD

Grover et al., JPeds Surgery, 2014 
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BPD Collaborative Surgical Burden in Infants 

with BPD

Grover et al., JPeds Surgery, 2014 

• Multicenter cohort (N=1039)

• GT/GJ rate – 37%

• Nissen rate – 5%
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NCH Approach to GT Placement
Inadequate PO 

Intake at 45 
Weeks’ PMA

Feeding-Focused 
Care Conference

GT Placement 
(no Nissen)

Feeding Team 
Evaluation

• Upper GI

• Peds surgery or 

GI

• Advanced to full 

by 24 hours post-

op

• Discharge within 1 

week

• pH impedance

• Serial esophageal 

manometry

• Formula change 

rarely made

• ~4 week 

evaluation

• Often still require 

GT
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Knowledge Gaps

• Is it safe to orally feed on CPAP?

• NJ vs NG

• GT Prediction and Timing



NG vs NJ
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GT Prediction and Timing

Severe BPD Focus Group

Nutrition ad Hoc Working Group

Pediatric Health Information System
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Take Home Points

• Feeding issues in infants with BPD are common but most 

patients experience favorable feeding outcomes.

• Limited data suggest NJ feeds may be harmful but future 

studies are needed.

• Ideal timing for GT placement remains unknown.



………………..……………………………………………………………………………………………………………………………………..

Questions

“We're like licorice. Not everybody likes licorice, but the 

people who like licorice really like licorice.” - Jerry Garcia
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