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• There has been a tremendous rise in use of proton pump 
inhibitors (PPIs) in children over past 15 years1 

– Particularly an issue in infants <12 months of age 2   

• Preponderance of evidence that PPIs do not 

– reduce GER symptoms in infants 3, 4 or 

– decrease infant crying and irritability 5  

 

 

1. Ruigomez A et al. Eur J Gastroenterol Hepatol 2011;23: 232-7.  
2. Orenstein SR. Curr Gastroenterol Rep 2013;15: 353.    
3. Davidson G et al.  J Pediatr 2013;163;692-8.     
4. Van der Pol RJ et al.  Pediatr 2011;127:925–35.   
5. Gieruzczak-Bialek D et al. J Pediatr 2015;166:767-70.  
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• PPIs are extremely effective at acid suppression1 

– Preferred treatment for a number of acid related disorders 2 

– Relatively safe medications 3  

• However, there are growing concerns with the risk of PPI 
utilization 

• Important to know pediatric indications 

– To use vs. when not to use PPIs 

– Recommended durations of use  

 
1. Romano C et al. Curr Clin Pharmacol 2011; 6:41-7.   
2. Tighe M, et al. Cochrane Database Syst Rev 2014; 24:11: CD008550.   
3. Czinn SJ, Blanchard S.  Paediatr Drugs 2013;15:19-27. 
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• Objective of this webinar is to discuss evidence-basis 
for using, vs. not using, PPIs in children 

– Due to time constraints this will be a high level discussion 

– Intended for pediatric gastroenterologists 
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1. To differentiate Non-Erosive Reflux Disease (NERD) from 
Erosive Reflux Disease (ERD), Functional Heartburn and 
Hypersensitive Esophagus 

2. To understand the pathophysiology for extra-esophageal 
associations with reflux disease 

3. To understand indications for when PPIs should be 
prescribed, as well as what to do when PPIs don’t work 

4. To discuss the risks of treatment, why, when, and how to 
stop treatment 
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Introduction Jenifer Lightdale 

NERD and Beyond Rachel Rosen 

Aerodigestive Conditions and Associations with Reflux Benjamin D. Gold 

Evidence-Based Indications for Treatment with PPIs Jose Garza 

Understanding the Risks of Treatment Carlo Di Lorenzo 

Conclusion Jenifer Lightdale 

Q & A Panel 
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• 13 year-old with epigastric and chest pain 

• History of 3 years of PPI use, initially with complete 
symptom resolution but now with only partial relief with 
symptoms multiple times per day 

• Endoscopy 3 years ago, repeated last week, was normal 
with biopsies in the duodenum, stomach and at 3 
esophageal levels 
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To understand: 

• how to differentiate NERD from ERD, functional heartburn 
and hypersensitive esophagus 

• how to diagnose NERD 

• how to treat NERD 
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The Old 

• No erosions, abnormal acid reflux by pH, 
classic reflux symptoms of heartburn 

The New 

 Typical 
Symptoms 

Erosions  by 
Endoscopy 

Abnormal  
acid reflux 

Symptom association with 
acid or non-acid reflux 

ERD + + + +/- 

NERD + - + +/- 

Hypersensitive 
Esophagus 

+ - - + 

Functional 
Heartburn 

+ - - - 
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• 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 

 

1. Savarino E et al. Nat Rev Gastroenterol 2013;10:371-80. 
2. Cheng FK et al. Clinical Gastroenterol Hepatol  2015;13:867-73. 

Reprinted by permission from Macmillan Publishers Ltd. 1 
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• The mechanism of reflux in 
NERD patients is transient 
lower esophageal sphincter 
relaxations (TLSERs)1 

• Patients with NERD have 
similar symptom severity to 
those with ERD 2 

• Visceral hypersensitivity is 
similar in patients with NERD 
and ERD 3  

 
1. Ribolsi M et al.  Clin Gastroenterol Hepatol 2014;12:52-7. 
2. Weijenborg PW et al. Am J Pysiol Gastrointest Liver Physiol 2014;307:G323-9. 
3. Thoua NM et al. Aliment Pharmacol Ther 2008;27:396-403. 
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• Heartburn, regurgitation, epigastric 
pain or discomfort, and dyspepsia 
ARE NOT USEFUL to differentiate 
NERD and ERD 1,2,3 

• ERD and NERD adult patients 
respond similarly to a PPI trial 4 

• The microscopic  presentation of 
ERD and NERD is similar; both with 
microscopic inflammation and 
dilated intracellular spaces 5,6 

Microscopic view of dilated intracellular spaces 
Reprinted by permission from Wolters Kluwer Health, Inc. 

J Ped Gastroenterol Nutr, Altaf MA et al.  2014 

1. Kandulski A et al. Aliment Pharmacol Ther  2013;38:643-51.   
2. Savarino E et al. Gut 2009;58:1185-91. 
3. Nelson SP et al. Arch Pediatr Adolesc Med  2000;154;150-4.   
4. Bytzer P et al. Clin Gastroenterol Hepatol 2012;10:1360-6. 
5. Kandulski A et al. Aliment Pharmacol Ther 2013;38:643-51.   
6. Borrelli O et al. Neurogastoenterol Motil 2012;24:828-e394. 

http://journals.lww.com/jpgn/Fulltext/2014/08000/Comparison_of_Light_and_Electron_Microscopy_in.19.aspx
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Erosive esophagitis 
Eosinophilic esophagitis 

Alarm 
signs 

Positive endoscopy     Negative endoscopy 

Savarino E et al. Nat Rev Gastroenterol 2013;10:371-80. 

Patient with retrosternal burning or discomfort (heartburn) 

Double dose PPI trial 

Nonresponder     Responder 

Upper gastrointestinal Endoscopy ± biopsy 

Heartburn 
resolved 

Double dose PPI trial 

Esophageal impedance-pH monitoring off-PPI therapy 

Positive                      Negative 
GERD 

Positive                      Negative 

Conventional or high resolution esophageal (impedance) manometry NERD 

Acalasia 
Diffuse esophageal spasm 

Functional Heartburn 

Heartburn 
Not resolved 

Abnormal acid exposure and/or 
positive symptom association 

Normal acid exposure and 
negative symptom association 
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Savarino E et al. Nat Rev Gastroenterol 2013;10:371-80. 

Functional heartburn Nonerosive reflux disease (NERD) 

NERD 

PPI responder 

40–45% of patients 
Abnormal esophageal 

acid exposure 

• Single or double PPIs 

• TLESR inhibitors 
(baclofen) 

• Surgical therapy  
(Nissen or Toupet 
fundoplication) 

Hypersensitive 
esophagus to acid 

PPI partial responder 

15–20% of patients 
Normal esophageal acid 
exposure and positive 

symptom association to 
acid reflux 

• Double PPIs 

• TLESR inhibitors 
(baclofen) 

• Surgical therapy  
(Nissen or Toupet 
fundoplication) 

Hypersensitive 
esophagus to nonacid 

PPI partial responder 

15–17% of patients 
Normal esophageal acid 
exposure and positive 

symptom association to 
nonacid reflux 

• TLESR inhibitors 
(baclofen) 

• Surgical therapy  
(Nissen or Toupet 
fundoplication) 

PPI nonresponder 

25–30% of patients 
Normal esophageal acid exposure 
and negative symptom association 
to acid reflux and/or nonacid reflux 

• Tricyclic antidepressants 
(amytriptyline, desipramine and 
nortriptyline) 

• Selective serotonin reuptake inhibitors 
(citalopram, escitalopram, fluoxetine, 
paroxetine and sertraline) 

• Serotonin–norepinephrine reuptake 
inhibitors (duloxetine, venlafaxine and 
desvenlafaxine) 
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• Impedance results off therapy:  

– 45 total reflux episodes, 27 acid, 18 nonacid 

– pH<4 for 4.6% of the time 

– 6/6 chest pain episodes associated with reflux 

• Diagnosis: hypersensitive esophagus 

• Outcome:  

– Twice a day acid suppression continued due to partial 
response with lessening of symptom severity 

– Citalopram started with reduction in pain frequency and 
severity 
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• Definitions of NERD, ERD and other conditions are 
changing and are critical for understanding the potential for 
response, and non-response, to therapies 

• One of the primary indications of pH-Multichannel 
Intraluminal Impedence testing (pH-MII), off therapy, may 
be to differentiate NERD from functional heartburn 

• Acid suppression has a role in NERD and hypersensitive 
esophagus but not in functional heartburn 
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Benjamin D. Gold, MD 
Children’s Center for Digestive Healthcare, LLC 
Adjunct Professor of Pediatrics 
Emory University 
Atlanta, GA 
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• 6 ½ year-old with persistent cough, day and night 

• Patient has had noticeable increase in wheezing episodes 
over the past year  

• Past medical history significant for GERD as an infant, 
diagnosed after patient presented with an ALTE 

• Currently using PPI therapy one time/day 
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To understand: 

• the pathophysiology for common aerodigestive 
associations with reflux 

• a biological plausibility for these associations 

• when it might be appropriate to use a PPI for extra-
esophageal conditions associated with reflux 
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ESOPHAGEAL DISTENTION UES contracts 

Vagal reflexes 
 Vocal cords close 

 Central apnea occurs 

 UES relaxes 

Refluxate enters pharynx 

Swallowing clears pharynx 

Respiration resumes 

Image: Adapted from Robert Morreale / Visual Explanations, LCC ©2003 American Society of Clinical Oncology 

Jadcherla SR et al. Am J  Gastroenterol 2009;104:2572-82. 

Jadcherla SR et al. J Pediatr Gastroenterol Nutr 2009;48:186-92.  
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• Proposed mechanisms by which reflux aggravates asthma are: 

– Direct production of airway inflammation 

– Airway hyper-responsiveness 

– Vagally-mediated bronchial or laryngeal spasm 

– Neuronal-mediated inflammation 

• Few studies have evaluated the impact of asthma on GERD 

– Chronic hyperinflation may reduce resting LES pressure 

– Lung hyperinflation and airflow obstruction may increase 
negative intra-thoracic pressure 

 

 

Sherman P et al. Am J Gastroenterol 2009;104:1278-95. 
Vandenplas Y et al. J Pediatr Gastroenter Nutr  2009;49:498-547. 
Field SK. Chest 1999;115:848-56. 
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Boeckxstaens G. Postgrad Med J 2015;91:46-54. 

Estimates based on available RCT data 

Esophagitis healing 
Mild 

Severe 
Heartburn relief 

Esophagitis 
NERD 

Regurgitation relief 
Chest pain (50% relief) 

GERD (+pH) 
GERD (-pH) 

Chronic cough (improved) 
GERD (+pH) 
GERD (-pH) 

Hoarseness (improved) 
GERD (-) 

Asthma (improved) 
 GERD (+pH) 
 GERD (-pH) 
 -10%0% 25% 50% 75% 100% 

Placebo Therapeutic gain 
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Mastonarde JG et al. N Engl J Med  2009;160:1487-99. 
Holbrook JT et al. JAMA 2012;307:373-80. 
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Biological plausibility 

 

Causality 

 

 

YES 

 
 

Not at present, 

more research 

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. 
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• Intraesophageal Pressure 
Recording (IEPR) is very 
sensitive at detecting cough 

• Parental and patient symptom 
recording in children is 
inadequate for making the 
diagnosis of reflux-related 
lung disease 

• IEPR may represent a new 
standard for clinical practice 

Rosen R et al. J Pediatr Gastroenterol Nutr 2014;58:22-26. 
Lang JE et al. J Allergy Clin Immunol Pract 2013;1:172-80. 
Usta Guc B et al. Clin Respir J  2014;8:330-37. 
Karabel M et al. Clin Respir J 2014;8:152-59. 
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Biological plausibility 

Causality 

Is there a role for a PPI 

 

 

 

 YES 

 

 Likely multi-factorial 

 

 Yes, in select 

individuals 
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Have they met the burden 
of proof for causality? 
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Normal Laryngeal Pharyngeal Reflux 

Johansson H et al. Thorax  2015;70:57-63. 
Pearson JP et al.  Aliment Pharmacol Ther 2011;33(sup 1):1-71. 
Venkatesan NN et al.  Pediatr Clin Nor Amer 2013;60:865-78. 

Not all red in the airways = reflux! 
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• The sensitivity of laryngoscopic findings to identify reflux 
disease is poor 

• Clinical improvement followed by recurrence off treatment 
suggests an association with GER 

• There is insufficient evidence to recommend for                
OR against the use of acid suppression therapy 

 

Chang AB et al. Otolaryngol Clin North Am 2010;43:181-98. 
Vandenplas Y et al. J Pediatr Gastroenterol Nutr  2009;49:498-547. 
Sherman P et al. Am J Gastroenterol  2009;104:1278-95. 
Kahrilis P et al. Gastroenterology  2008;135:1392-1413. 
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Biological plausibility 

Causality 

Is there a role for PPIs? 

 

 

 

 

YES 

Not at present, more 
research needed 

Maybe 
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• Symptoms can include coughing with feeding, recurrent 
pneumonia, and episodic cyanosis concerning for ALTE 

• H-type TEF prone to delay in diagnosis 

– May not be identified on fluoroscopy 

– May require bronchoscopy with methylene blue 

• Predisposed to reflux  

– Abnormal motility prevents adequate acid clearance 

– Hiatal hernia created during repair changes the  
position of the LES and diaphragm 

• Long term high-risk for esophageal cancer 

Levesque D et al.  Dis Esophagus 2013;26:382-87. 
Sistonen SJ et al. Pediatr Surg Int 2011;27:1141-9. 
Rintala RJ et al. J Pediatr Gastroenterol Nutr 2011;52:S35-6.  
Sistonen SJ et al. Pediatr Surg 2008;43:602-5. 
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Biological plausibility 

Causality 

Is there a role for PPIs? 

 

 

 

YES 

YES 

YES 
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• GER causality not yet satisfied for asthma, cough, and 
laryngeal disease 

• Research is needed in childhood asthmatics 

– Identification of children with asthma responsive to acid 
suppression 

• Possible role for PPI in cough and select laryngeal pharyngeal 
reflux patients  

• Clearly a role for the PPI in infants and children with EA/TEF 

 
Naik RD et al.  Expert Rev Gastroenterol Hepatol  2015;9:969-82. 
Kostovski A et al.  J Pediatr Gastroenterol Nutr  2015;61:527. 
Silvia CE et al. Int Arch Otorhinolaryngol 2015;19:234-7. 
Connor MJ et al.  Am J Surg  2015;209:47-759. 
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Jose M Garza MD, MS 
Children's Center for Digestive Healthcare, LLC 
Children's Healthcare of Atlanta 
Adjunct Assistant Professor of Pediatrics  
Emory University 
Atlanta, GA 
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• 12 y/o male 2 year history of intermittent epigastric burning 
sensation, regurgitation and dysphagia   

• Treated with OTC antacid with minimal relief   
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Proximal, mid and distal 

biopsies 

•  basal cell hyperplasia 

•  >15 eosinophils per  

    high power field 
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To understand: 

• when PPIs should be prescribed 

• if eosinophils are found in the esophagus does that 
indicate EoE? 

• which is more indicative of erosive disease,  endoscopic 
or histologic findings? 

• what to do when PPIs don’t work 
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Dellon ES et al. Am J Gastroenterol 2013;108:679-92. 

Esophageal eosinophilla 
on biopsy 

Isolated esophageal 
eosinophilia 

Assess for all causes of 
esophageal eosinophilia 

PPI trial followed by repeat 
endoscopy and biopsy 

PPI-non-responsive 
(persistent eosinophilia 

and symptoms) 

PPI-responsive 
(eosinophilia and 

symptoms resolved) 

EoE 
(immune-mediated) 

Non-GERD PPI-REE 
(mechanism yet unknown) 

GERD with eosinophils 
(acid-mediated) 
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• At least 1/3 of adult patients with suspected EoE achieve 
clinical and histological remission on PPI therapy 

• The response seems more limited in children as compared 
to adults 

• Treatment includes high dose PPI for 8 weeks followed by 
endoscopy and biopsy 

 

Molina-Infante J et al.  Alimen Pharmacol Ther  2013;37:1157-64. 
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Vandenplas Y et al. J Pediatr Gastroenterol Nutr  2009;49:498-547. 
Sherman P et al. Am J Gastroenterol  2009;104:1278-95. 

Absence of histologic changes  
does not rule out GERD 



© 2016 NASPGHAN FOUNDATION 

Boeckxstaens G. Postgrad Med J 2015;91:46-54. 

Estimates based on available RCT data 

Esophagitis healing 
Mild 

Severe 
Heartburn relief 

Esophagitis 
NERD 

Regurgitation relief 
Chest pain (50% relief) 

GERD (+pH) 
GERD (-pH) 

Chronic cough (improved) 
GERD (+pH) 
GERD (-pH) 

Hoarseness (improved) 
GERD (-) 

Asthma (improved) 
 GERD (+pH) 
 GERD (-pH) 
 -10%0% 25% 50% 75% 100% 

Placebo Therapeutic gain 
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Tolia V et al. J Pediatr Gastroenterol Nutr 2002;35:S308-18. 
 

100 

Baseline Week 8 Week 12 

0 

50 

100 

78 

0 
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Hassall E et al. J Pediatr 2000;137:800-7. 
Tolia V et al. J Pediatr Gastroenterol Nutr 2002;35:S308-18. 
Huang JQ et al. Gut 1999;45:P513. 

S
tu
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y 

Healing rate (%) 

Hassall, 2000 (omeprazole) 

Tolia, 2002 (lansoprazole) 

Huang & Hunt, 1999 (meta-analysis) 

0 20 40 60 80 100 
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Esomeprazole is 
approved for healing of 
erosive esophagitis in 
patients younger than  
1 year old and as early 
as 1 month of age 

 

Omari et al.  J Pediatr Gastroenterol Nutr  2007;45:530-37. 
Winter et al.  J Pediatr Gastroenterol Nutr  2012;55:14-20. 

FIG. 2  Mean percentage of time with intraesophageal 
pH <4 at baseline and after 1 week of oral treatment 
with esomeprazole in infants with GERD. 
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(n = 26) 
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Current as of October 2015 from https://www.accessdata.fda.gov/drugsatfda_docs 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/022101s014021957s017021153s050lbl.pdf
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• Patients with poor adherence (<20% PPI coverage) had 
a significantly increased risk of upper GI complications 
(OR=1.88) compared with fully adherent patients (≥80% 
PPI coverage)  

• The risk of an event increased by 6% points for every 
10% decrease in PPI adherence 

 

Jonassan C et al.  Eur J Gastroenterol Hepatol 2013;25:531-8. 
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• IV PPI is given in almost all instances of upper 
gastrointestinal bleeding 

• Evidence from a Cochrane review suggests PPI therapy in 
this setting presents no harm and may provide some 
benefit.  

Sreedharan A et al. Cochrane Database Syst Rev.  2010; Jul7:CD005415. 
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1. Hassall E et al. J Pediatr. 2000;137:800-7.                                      

2. Rostom A et al. Cochrane Review 2002;15:CD002296. 

3. Colle I et al.  Acta Gastroenterol Belg  2011;74:46-66.                   

4. Dellon ES et al.  Am J Gastroenterol  2013;108:679-692. 

5. Molina-Infante J et al.  Aliment Pharmacol Ther  2013;37:1157-64. 

6. Koletzko S et al.  J Pediat Gastroenterol Nutr  2011;53:230-43. 

Indication PPI Treatment Regimen 

PPI-REE High dose (q.d. or b.i.d.) for 8 weeks followed by endoscopy and 
biopsy4,5 

Erosive 
Esophagitis 

Standard dose q.d. for 3 months followed by trials of tapering the 
dose towards final withdrawal of therapy 1 

NSAID Standard dose q.d. prophylaxis concurrent with NSAID therapy2 

Bleeding IV 1 mg/kg/ q.d. or 0.5 mg/kg b.i.d.3 

H. pylori Standard dose b.i.d. (as part of a quadruple or triple regimen) for 10 
to 14 days6 
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BEFORE PPI 
Therapeutic  

Challenge 
Therapeutic  
Challenge 

Mucosal Healing 
Managing ulcers, erosive esophagitis, recurrent 

strictures with antacids and H2RAs antagonists 

Refractory Symptoms 
Problem of refractory symptoms blossomed 

and the list of symptoms and syndromes 

potentially attributable to GERD expanded 

AFTER 
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• Assess for treatment compliance  

– Lack of efficacy of PPIs in gastric acid secretion is 
extremely rare 

• Make sure the patient is taking the PPI on an empty 
stomach and at least 30 to 60 minutes before a meal 

• Trial of b.i.d. dosing 

• Add an H2RA at night (tachyphylaxis) 

• Make sure the diagnosis is correct 

 

 



© 2016 NASPGHAN FOUNDATION 

• PPIs are indicated in GERD, NSAID prophylaxis, bleeding, 
PPI-REE, and H. pylori eradication  

– Specific course of treatment 

– For a defined duration of treatment with a weaning plan 
in place 

• For Erosive Reflux Disease, ongoing management should 
include review of a plan for treatment discontinuation 



© 2016 NASPGHAN FOUNDATION 

Carlo Di Lorenzo, MD 
Professor of Pediatrics 
The Ohio State University 
Nationwide Children's Hospital 
Columbus, OH 
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• 9 year-old boy diagnosed with erosive esophagitis when he 
presented with an episode of hematemesis 

• Treated with PPI b.i.d. for 12 months  

• Currently asymptomatic 

• Parents want to know if and when they can stop treatment  
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To understand: 

• why to stop treatment 

• when to stop treatment 

• how to stop treatment 

• what happens if you do not stop treatment 
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• In otherwise healthy pediatric patients, reflux esophagitis 
may not be a chronic problem or recur after treatment 1 

– Of 48 otherwise healthy children with erosive esophagitis 
who discontinued maintenance treatment, only one had 
erosive esophagitis recurrence at three months 

– Three of 44 (6.8%) patients reported very mild GERD 
symptoms within a period of 30 months after maintenance 
discontinuation 

1. Boccia G et al.  Am J Gastroenterol 2007;102:1291-7. 
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Niklasson A et al.  Am J Gastroenterol 2010;105:1531-7. 

Weekly dyspepsia scores (mean and s.e.m.) in the pantoprazole group (dotted blue 

lines) and in the placebo group (red lines). Weeks 1-2 = before treatment, weeks 3-

6 = during treatment, and weeks 7-12 = after treatment, *P<0.05. 
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• Infections:  
 C. difficile  
 Small bowel bacterial overgrowth  
 Other enteric infections 
 Pneumonia and other respiratory infections  

• Necrotizing enterocolitis and candidemia 

• Effects on vitamins and mineral absorption:  
 Iron 
 Calcium  
 Magnesium  
 Vitamin B12 

• Gastric fundic gland polyps 

• Interstitial nephritis (rare, idiosyncratic reaction) 

• Myocardial infarction 
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Chung EY et al. Hosp Pediatr 2013;32:348-54. 
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• Decreased acid barrier 

• Altered microbiome 

• Attenuation of the immune response 

• Direct effects of the bacteria  

• Decreased effectiveness of antibiotics  

Stark CM et al. J Pediatr 2016;168:16-22. 
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• A retrospective study in children found those treated with a PPI 
had an increased odds ratio of 4.52 for C. difficile infection 1 

• The risk is further increased by concomitant use of antibiotics 
with a PPI; H2RAs may be less harmful 2 

• Multivariate analyses suggest H2RA and once daily PPI 
treatment increase the risk by 1.5 whereas frequent PPI 
therapy can increase the risk by up to 2.9 times 3  

• FDA safety information 2012: C. difficile associated diarrhea 
can be associated with gastric acid reducing drugs 4 

1. Turco R et al. Aliment Pharmacol Ther  2010;31:754-9. 
2. Kwok CL et al. Am J Gastroenterol  2012;107:1011-9. 
3. Howell MD et al. Ann Intern Med  2010;170:784-90. 
4. FDA. http://www.fda.gov/drugs/drugsafety/ucm290510.htm Ann intern Med 2010170 

http://www.fda.gov/drugs/drugsafety/ucm290510.htm
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• PPI treated patients had an increased rate of infection 
(after prescription for PPI) of 1.46 for Campylobacter and 
1.2 for Salmonella , compared with baseline 1 

• Acid suppression resulted in gastric bacterial overgrowth, 
in particular  with organisms that cause pharyngeal and 
laryngeal disease 2 

– Could acid suppression for GERD result in, exacerbate, or 
worsen the very same extra-esophageal disease it was 
used to treat? 

 

1. Brophy S et al. Am J Gastroenterol  2013;108:1094-100. 
2. Rosen R et al. JAMA Pediatr 2014;168:932-7. 
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Terrin G et al. Pediatrics 2012;129:e40-45. 
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Sieczkowska A et al.  J Pediatr  2015;166:1310-2. 
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• In patients with asthma the addition of lansoprazole 
compared with placebo 1 

– improved neither symptoms nor lung function  

– was associated with an increase in respiratory infections 

• Prenatal exposure to both PPIs and H2RAs was associated 
with an increased risk of asthma 2  

– However this may be explained by a maternal underlying 
condition  

 

 

 

 

1. Holbrook JT et al. JAMA 2012;307:373-81. 
2. Andersen AB et al. Aliment Pharmacol Ther 2012;35:1190-8. 



© 2016 NASPGHAN FOUNDATION 



© 2016 NASPGHAN FOUNDATION Sarzynski E et al. Dig Dis Sci  2011;56:2349-53. 

Sarzynski E et al. Dig Dis Sci  2011;56:2349-53. 
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Kwok CS et al. Bone  2011;48:768-76.  

But no correlation with duration of use,  
many PPI users had lower BMD at baseline, 

conflicting more recent evidence… 
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Freedberg DE et al. Osteoporos Int 2015;26:2501-7. 

Conclusions: “PPI use was associated with fracture in young adults, but overall 

evidence did not support a PPI-fracture relationship in children” 

 Total: 1.16 (0.94 to 1.43) 1.13 (0.92 to 1.39) 
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Shah NH et al. PLoS ONE  2015;10:e0124653. 

STRIDE Dataset 
Odds ratio (95% CI) 

Individual PPIs 

0.8 1 1.1 1.3 1.5 

N: 70,477 

1.24 [1.06-1.45] 
Exposed: 4,005 lansoprazole 

(reference) 

B 

1.34 [1.16-1.55] 
Exposed: 4,450 

pantoprazole 

omeprazole 1.26 [1.12-1.42] 
Exposed: 8,921 

rabeprazole 1.12 [0.88-1.41] 
Exposed: 2,473 

esomeprazole 1.08 [0.88-1.31] 
Exposed: 2,907 

STRIDE Dataset 
Odds ratio (95% CI) 

PPI vs H2B 

0.8 1 1.1 1.3 1.5 

N: 70,477 

1.16 [1.09-1.24] 
Exposed: 32,363 

0.93 [0.86-1.02] 
Exposed: 12,796 H2 blocker 

(reference) 

PPI 

A 

STRIDE Dataset 
Odds ratio (95% CI) 

stratified PPI 

0.8 1 1.1 1.3 1.5 

N: 70,477 

1.16 [1.09-1.24] 
Exposed: 32,363 

1.14 [1.06-1.41] 
Exposed: 30,275 PPI (- clopidogrel) 

(reference) 

PPI 

C 

PPI (age < = 55) 
1.25 [1.10-1.41] 
Exposed: 16,662 

PF Dataset 
Odds ratio (95% CI) 

stratified PPI 

0.8 1 1.1 1.3 1.5 

N: 227,438 

1.19 [1.09-1.24] 
Exposed: 72,497 

1.19 [1.09-1.30] 
Exposed: 71,234 PPI (- clopidogrel) 

(reference) 

PPI 

D 

PPI (age < = 55) 
1.40 [1.20-1.63] 
Exposed: 26,434 
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• Data mining exercise (queried over 16 million clinical 
documents on 2.9 million individuals) 

• Modest absolute increased risk : for every 4,000 patients 
treated with PPIs only one would develop an MI 

• There are other features of GERD patients who take PPIs 
that may explain the association (obesity, smoke)  

• No dose or duration effect 
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• Prolonged acid suppression should be used only when 
indicated 

• Ongoing management should include strategies for 
treatment discontinuation 

• In children there is evidence of an increased risk of 
infection, particularly C. difficile for those treated with a PPI 

• Other risks demonstrated in adults have not been yet 
confirmed in children  
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Jenifer R. Lightdale, MD, MPH 
Professor of Pediatrics 
University of Massachusetts Medical School 
UMass Memorial Children’s Medical Center 
Worcester, MA 
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• Answer:  Not really… 

• Perhaps more important questions are: 

– Is treatment with PPIs indicated and evidence-based? 

– For how long will treatment continue?  
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• PPIs have a role in NERD and hypersensitive esophagus 

– Not in functional heartburn 

• There is very limited evidence for using PPI in extra-
esophageal conditions (i.e. asthma, cough, ENT) associated 
with reflux disease  

• PPIs are appropriate and indicated in ERD, NSAID prophylaxis, 
bleeding, PPI-REE, and H. pylori eradication 

– For a defined period of time  

• Ongoing management should include a plan for treatment 
discontinuation 

– In consideration of risks associated with PPI therapy 
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