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Learning Objectives
• Define gastroesophageal reflux (GER) in comparison to 

gastroesophageal reflux disease (GERD) in pediatrics 

• Discuss the phenotypes of GERD, and that all reflux doesn’t 
respond to acid suppression i.e. wait before you prescribe the PPI

• Review the extra-esophageal manifestations of reflux and

• Provide an overview of what conditions are biologically plausible, 
an association and what extra-esophageal disorders are actually 
are caused by reflux



Differentiating GER From GERD 
in the Pediatric Patient

4

✔  Are we really doing it right; i.e. proper GERD “case” 
definition?

✔  Who is going to benefit from therapy?

✔  Critical to identify the patient who needs long term therapy; 
e.g. erosive esophagitis; esophageal atresia, …better 
outcomes!

✔  Is there a way to phenotype GERD and/or esophageal 
disease?
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Gastroesophageal Reflux (GER)
• Passage of gastric contents into the esophagus 

+/- ejected from mouth

• Several times/day in healthy infants, children and adults

• Most episodes <3 mins, during/after meals: 

few / mild / no symptoms 
• = Normal / physiologic;

– GER occurs at all ages and allows depressurization of the stomach

Vandenplas Y, Rudolph C , Hassall E et al. J Pediatric Gastroenterol Nutr 2009; R Rosen et al J Pediatr Gastroenterol Nutr. 2018 March ; 66(3): 516–554.  
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Physiologic versus Pathologic 
Reflux and Age

• Reason for physiologic differences between young children and adults
✔ angle of HIS (Gastric-Esophageal junction); 
✔ position after feeds; 
✔more frequent feeds; 
✔ stomach less compliance and capacity 

• GERD Pathophysiology in Children and Adults Is SIMILAR
✔Transient relaxations of the lower esophageal sphincter

✔ Inhibition of esophageal body peristalsis plus exposure of mucosa to 
gastric refluxate (eg, acid, pepsin)

Jadcherla. Am J  Gastroenterol. 2009;104(10):2572-82
Hasenstab KA, Jadcherla, S. J Pediatr 2014; 165:250-255.

Sherman, PM et al Am J Gastroenterol 2009;104:1278-1295. 

Aerodigestive reflexes are intact by 38 
weeks gestation…

thus, it isn’t an “immature” LES that leads to 
GERD
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Definite
association

s

•  Sandifer’s 
syndrome
•  Dental erosion

Symptomatic
syndromes

Older child or 
adolescent

with cognitive ability to
reliably report symptoms

•  Typical reflux syndrome

Syndromes with
esophageal 

injury

•  Reflux esophagitis
•  Reflux stricture
•  Barrett’s 
esophagus
•  Adenocarcinoma

*Where other causes have been ruled out (e.g. food allergy, especially in 
infants)

Symptoms purported
to be due to GERD*

Infant or younger child
(0–8 years), or older 

without
cognitive ability to

reliably report symptoms 

•  Excessive regurgitation
•  Feeding refusal/anorexia 
•  Unexplained crying
•  Choking/gagging/
   coughing
•  Sleep disturbance
•  Abdominal pain

Esophageal Extraesophageal

Bronchopulmonary
•  Asthma
•  Pulmonary fibrosis
•  Bronchopulmonary
   dysplasia
Laryngotracheal and 
pharyngeal
•  Chronic cough
•  Chronic laryngitis
•  Hoarseness
•  Pharyngitis

Rhinological and
otological
•  Sinusitis
•  Serous otitis 
media
Infants
•  Pathological 
apnea
•  Bradycardia
•  Apparent life-
   threatening events

Possible
association

s

GERD in pediatric patients is present when reflux of gastric contents 
is the cause of troublesome symptoms and/or complications
Sherman PM, Hassall E, Fagundes-Neto U, Gold BD, Kato S,  Koletzko S, Orenstein SR, Rudolph D, Vakil N, 

Vandenplas Y. Am J Gastroenterol, April 2009

7Rosen R et al J Pediatr Gastroenterol Nutr 2018

Collaborative, interdisciplinary research in children 
with GERD to better phenotype disease, 
assuring optimal treatment - critically needed!!!

Do we need a PCDAI or PUCAI or an I-SEE for 
GERD to better phenotype disease?



•In 221 adult patients, 54% 
did not have a diagnosis 
that would respond to PPI 
therapy 2

•There are no pediatric 
studies that 
systematically address 
this clinical challenge

1. Savarino E et al. Nat Rev Gastroenterol 2013;10:371-80.
2. Cheng FK et al. Clinical Gastroenterol Hepatol  

2015;13:867-73.

Incidence of Reflux Disease 
Subtypes in Adults

Reprinted by permission from Macmillan Publishers Ltd. 1



Persistent Reflux 
and  + SAP

GERD

PPI

Anti-reflux 
Therapy

Physiologic 
Reflux and + SAP

NERD
Hypersensitive 

Esophagus

PPI + 
Modulators 

of Perception

Persistent Reflux 
and  - SAP

GERD or

Hypersensitive 
esophagus ?

Symptoms not 
directly related 

to acid exposure

Physiologic 
Reflux and - SAP

 Functional 
Heartburn

Alternative 
therapies

Boeckxstaens G, Postgrad Med J 2015

SAP:  symptom association probable

GERD:  gastroesophageal reflux disease

NERD:  non erosive reflux disease

Can GERD be Phenotyped?

Modulators of perception:  
• Elavil; anti-anxiety; Periactin

Alternative therapies:  
• Cognitive behavioral therapy; 

hypnotherapy

Rumination

Supra-gastric 
Belching

“No Burp 
Syndrome 
(RPCD)”

Pathological and 
+/- SAP



What about extra-esophageal GERD…
Association or Causation?

10



BDGold ‘25©

•GERD may cause dental erosions in children

•Some studies link GERD with a higher prevalence of 
dental erosions while others do not

•A recent review found that children with GERD are 
significantly at an increased risk of dental erosions

•Unclear how acid suppression changes the natural 
history of GERD or appropriate duration of 
treatment

GERD and Dental Erosions

Rosen R et al J Pediatr Gastroenterol Nutr. 2018 March ; 66(3): 516–554 
Sherman et al. Am J Gastroenterol. 2009;104:1278-95.

Permission granted, V. Tolia.

2019, 2024

Association studies
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GERD and Dental Disease

• Biologically plausible
✔ Yes

• Association via Epidemiology
✔ Yes

• Causality
✔ Yes in animal models
✔ More research needed; i.e. clinical trials with 

validated outcomes
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Apparent Life Threatening 
Episodes (ALTE) and Apnea cont’d

Hasenstab KA and Jadcherla, SR.  J Pediatr 2014;165:250-5

• In infants with ALTE, prolonged SREs are associated 
with ineffective esophageal dysmotility characterized 
by frequent primary peristalsis and significant 
propagation failure…

• Thus this suggests dysfunctional regulation of 
swallow-respiratory junction interactions

• Further, the authors recommend that treatment NOT 
target gastroesophageal reflux but proximal 
aerodigestive tract
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Sherman PM et al Am J Gastroenterol 2009;104:1278-1295
Hasenstab KA and Jadcherla, SR.  J Pediatr 2014;165:250-5
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Although reflux causes physiologic 
apnea, it causes pathologic apneic 

episodes in only a very small number of 
newborns and infants.

When reflux causes pathological apnea, the 
infant is more likely to be awake and the 
apnea is more likely to be obstructive in 

nature.

A Global Evidence-Based Consensus on the Definition of GERD in the Pediatric Population

Sherman PM et al Am J Gastroenterol 2009;104:1278-1295
Hasenstab KA and Jadcherla, SR.  J Pediatr 2014;165:250-5
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GERD and 
ALTE and/or BRUE

• Biologically plausible
✔ Yes

• Association via Epidemiology
✔ Yes

• Causality
✔ Not well-established; many apneas occur independently of 

GERD episodes, and apnea events often precede GERD in 
cases where they coexist

✔ More research is needed



ENT Manifestations of 
GERD 

Have they met the burden of 
proof for causality?



BDGold ‘25©

Normal Laryngeal Pharyngeal 
Reflux

CL Kuo Archives of Otorhinolaryngology-Head & Neck Surgery. 2019;3(1)
Keesecker, S. E., et al. Laryngoscope 2015; 125(3): 667-673

Laryngeal: Normal vs. Erythema
Or is All that is ‘red’ reflux?
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Laryngeal Lesions Related to GERD

Photos provided by Stephen Sobel,  MD; Children’s Hospital of Philadelphia
CL Kuo Archives of Otorhinolaryngology-Head & Neck Surgery. 2019;3(1)
Keesecker, S. E., et al. Laryngoscope 2015; 125(3): 667-673
Stavroulaki, P. Int J Pediatr Otorhinolaryngol 2006; 70(4): 579-590.
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GERD and 
Laryngo-pharyngeal 

Disease
• Biologically plausible
✔ Yes

• Association via Epidemiology
✔ Yes

• Causality
✔ Growing body of data in select populations
✔ More research is needed
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• Not every child who coughs 
or wheezes has asthma

• Not every child who coughs 
or wheezes has reflux

• Consider dysphagia and 
aspiration syndromes; 
other etiologies e.g. 
habitual cough

Lang J. E et al. J Allergy Clin Immunol Pract 2013;1:172-180.
Usta Guc B et al. Clin Respir J  2014;8:330-337.
Karabel M et al.  Clin Respir J 2014;8:152-9.
Pirogowicz I et al. Adv Exp Med Biol 2013;788:161-6.
Blake K et al.  Curr Opin Pulm Med 2013;19:24-29.

Neurophysiology of Cough

Adult study – COuGH RefluX
score not validated in children
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Cough and Reflux…a Possibility
• Biological plausibility?
✔ Yes

• Association?
✔ Yes

• Causality?
✔ Likely multi-factorial

• Is there a role for a PPI, acid suppression?

✔ In select individuals



• Two NIH-funded blinded, randomized  
placebo-controlled trials (RCT), one in adults (using 
esomeprazole), one in children (using lansoprazole
▪ Showed NO difference in asthma outcomes 

comparing placebo and acid suppression 
therapy

• Another industry-funded, investigator-initiated 
longer duration (1 year ) RCT comparing high dose 
lansoprazole to placebo 
▪ No difference observed at study conclusion in 

the treatment group compared to placebo group 
in objective and subjective asthma parameters

Asthma and GER

Sherman et al. Am J Gastroenterol. 2009;104:1278-95.
Vandenplas et al. J Pediatr Gastroenter Nutr.  2009;49:498-547.
Field . Chest. 1999;115:848-56.

Adult
Pediatric

Increased risk for pneumonia and 
respiratory infection in PPI-treated 

cohort
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Asthma and Reflux

• Biological plausibility?
✔ Yes

• Association?
✔ Yes

• Causality?
✔ Likely multi-factorial

• Is there a role for a PPI, acid suppression?

✔ More studies are needed
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Extra-Esophageal GERD
Summary

• Provided an overview of the pathophysiology of GERD and the proposed 
extra-esophageal manifestations of reflux disease

• Briefly discussed the phenotypes of GERD and why this is important

• Reviewed the extra-esophageal manifestations of reflux
– Dental disease, Apnea/ALTE/BRUE
– Laryngeal manifestations, Cough and Asthma

• Provide an overview of what conditions are biologically plausible, what 
are simply association and what disorders have evidence to demonstrate 
causation by reflux
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Thank You!!

.The littlest Gold – “OG” Oliver Gold

The Gold
Family
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