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693 patients were followed prospectively during the first two years of life and reassessed between 8 and 11 years of age (mean age, 9.7 years).  Frequent spilling defined as regurgitation/vomiting for at least 90 days during the first two years of life.  Children with frequent spilling had a relative risk of 2.3, vs. all children, for having at least one GER symptom in later childhood.  
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In this study incident GERD cases during 2000-05 were identified from The Health Improvement Network (THIN) UK primary care network; 1,700 children were identified. The overall incidence of GERD was 0.84 per 1000 person-years.  Incidence decreased with age.  It was 1.48 per 1000 person-years among 1-year-old children until the age of 12 years and increased to a maximum at 16-17 years of 2.26 per 1000 person-years for girls and 1.75 per 1000 person-years for boys.  Children with neurological impairment and co-morbid conditions (e.g. asthma) had a higher incidence.

Chitkara et al
This was a study of 5506 children in Olmstead County.  The incidence of GERD from birth to 5 years was 0.91 cases per 1000 person years that presented for medical attention.  They presented with abdominal pain (4.5/1000 py), constipation (6.8/1000 py), asthma (0.8/1000 py).  Twenty-four percent of patients with GER had 3 or more medical visits. This study documented that the frequency of visits for gastroesophageal reflux (GER) is on par with asthma, stressing how common it is relative to other childhood diseases and that patients present for multiple visits. 
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Adults with gastroesophageal reflux had significantly increased rates of gastrointestinal complaints including reflux during childhood. Four percent of the adult GERD patients had fundoplication at <10 years of age (all comparisons vs. adult non-refluxers).
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Gastroesophageal reflux is bothersome from a symptom perspective but there may be an increased risk of esophageal cancer in untreated children. In a cohort study of 3364 preterm or small-for-gestational age infants born from 1925–1949 in Sweden, there was an increased risk of esophageal adenocarcinoma in these babies. Of note, the cohort was born before acid suppression was utilized.
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In a study by Gupta et al, children and adolescents presenting with symptomatic GERD  were assessed for symptoms associated with nonerosive (n=45) and erosive esophagitis (n=45); symptoms did not predict the presence or absence of mucosal damage.  Symptoms did vary with age among children with erosive GERD, with cough decreasing in severity at ages 12-17 years compared to ages 1-11 years (p<.05) and anorexia/feed refusal more prevalent and severe among children ages 1-5 years compared to ages 6-17 years (p<.05).  Regurgitation and vomiting were also more severe in children ages 1-5 years compared to children ages 6-17 years; heartburn, however, was less severe in children ages 1-5 years (p<.05).

Gupta SK, Hassall E, Chiu YL, Amer F, Heyman MB. Presenting symptoms of nonerosive and erosive esophagitis in pediatric patients. Dig Dis Sci. 2006;51(5):858-863. 




Presenter
Presentation Notes
Sherman P, Hassall E, Fagundes-Neto U, et al.  A Global, Evidence-Based Consensus on the Definition of Gastroesophageal Reflux Disease in the Pediatric Population.  Am J Gastroenterol  2009;104:1278-95.




Presenter
Presentation Notes
Sherman PM, Hassall E, Fagundes-Neto U, et al.  A global, evidence-based consensus on the definition of gastroesophageal reflux disease in the pediatric population.  Am J Gastroenterol. 2009 May;104(5):1278-952.




Presenter
Presentation Notes
Heine RG, Jordan B, Lubitz L, et al.  Clinical predictors of pathological gastro-oesophageal reflux in infants with persistent distress.  J Paediatr Child Health. 2006;42(3):134-9.
Orenstein SR, Shalaby TM, Kelsey SF, Frankel E. Natural history of infant reflux esophagitis: symptoms and morphometric histology during one year without pharmacotherapy.  Am J Gastroenterol. 2006 Mar;101(3):628-40.
Salvatore S, Hauser B, Vandemaele K, et al.  Gastroesophageal reflux disease in infants: how much is predictable with questionnaires, pH-metry, endoscopy and histology?  J Pediatr Gastroenterol Nutr. 2005;40(2):210-5.




Presenter
Presentation Notes
* Reprinted from Atlas Genet Cytogenet Oncol Haematol August 2009; Peng D, El-Rifai W. Barrett's esophagus, dysplasia and adenocarcinoma.
http://AtlasGeneticsOncology.org/Tumors/BarrettsEsophagID5591.html by permission of the Atlas.

Badreddine RJ, Wang KK. Barrett esophagus: an update.  Nat Rev Gastroenterol Hepatol. 2010;7:369–78 . 






Presenter
Presentation Notes
Blondeau K, Pauwels A, Dupont Lj, et al. Characteristics of gastroesophageal reflux and potential risk of gastric content aspiration in children with cystic fibrosis.  J Pediatr Gastroenterol Nutr. 2010;50(2):161-6.
Castilloux J, Bouron-Dal Soglio D, et al.  Endoscopic assessment of children with esophageal atresia: Lack of relationship of esophagitis and esophageal metaplasia to symptomatology.   Can J Gastroenterol. 2010;24(5):312-6.
Sistonen SJ, Koivusalo A et al. Esophageal morbidity and function in adults with repaired esophageal atresia with tracheoesophageal fistula: a population-based long-term follow-up. Ann Surg. 2010;251(6):1167-73.
Sistonen S, Malmberg P et al. Repaired esophageal atresia: Respiratory morbidity and pulmonary function in adults in a population-based long-term follow-up study. Eur Respir J. 2010;36(5):1106-12.
Burjonrappa S, Thiboutot E et al. Type A esophageal atresia: a critical review of management strategies at a single center. J Pediatr Surg. 2010;45(5):865-71.
Morabito A, Plummer NT et al. Clinically significant gastro-oesophageal reflux following oesophageal flap repair for oesophageal atresia and tracheo-oesophageal fistula. Pediatr Surg Int.  2006;22(3): 240-242.
Ruigomez A, Wallander MA et al. Gastroesophageal reflux disease in children and adolescents in primary care. Scand J Gastroenterol.  2010;45(2):139-46.
Hoffman I, De Greef T et al. Esophageal motility in children with suspected gastroesophageal reflux disease. J Pediatr Gastroenterol Nutr.  2010;50(6):601-8.
Srivastava R, Berry JG et al. Reflux related hospital admissions after fundoplication in children with neurological impairment: retrospective cohort study. BMJ  2009;339: b4411.
Vernon-Roberts A, Sullivan PB. Fundoplication versus post-operative medication for gastro-oesophageal reflux in children with neurological impairment undergoing gastrostomy.Cochrane Database Syst. 2007;Rev(1): CD006151.



Pensabene L, Miele E, Del Giudice E, et al.  Mechanisms of gastroesophageal reflux in children with sequelae of birth asphyxia.  Brain Dev. 2008;30(9):563-71.
Patel NR, Ward MJ, Beneck D, et al.  The Association between Childhood Overweight and Reflux Esophagitis. J Obes. 2010;pii: 136909. Epub 2010 May 5.
El-Serag H.  Role of obesity in GORD-related disorders.  Gut. 2008;57(3):281-4. Review.
Orenstein SR, Shalaby TM, Barmada MM, et al. Genetics of gastroesophageal reflux disease: a review. J Pediatr Gastroenterol Nutr. 2002;34:506-10.
Cameron AJ, Lagergren J, Henriksson C, et al. Gastroesophageal reflux disease in monozygotic and dizygotic twins. Gastroenterology. 2002;122:55-9.

 
3) Neurologically impaired





Presenter
Presentation Notes
Castilloux J., Bouron-Dal Soglio D, Faure C.  Endoscopic assessment of children with esophageal atresia: Lack of relationship of esophagitis and esophageal metaplasia to symptomatology.  Can J Gastroenterol. 2010;24(5): 312-316.




Presenter
Presentation Notes
There are case reports of cancer in patients with esophageal atresia. There is only one follow up study of 242 patients with esophageal atresia. Children were operated on between 1949 and 1978 and were followed until 2004. There were no cases of esophageal cancer found in any of these patients but the study was only powered to detect a >500 fold increased risk and any smaller increased risk would not be detected.

Recent studies of pH-MII in patients with esophageal atresia have suggested that there is no increased reflux burden in these patients. These findings should be interpreted with caution and pH-MII testing is very difficult and often uninterpretable; patients with motility disorders and pooling of fluid in the esophagus have low impedance baselines making it difficult to detect reflux and the studies often underestimate reflux burden.
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Concordance for acid regurgitation monozygotic > dizygotic twins (0.3 vs 0.1).  Proposed genetic links: Chromosome 13 locus (13q14) for severe pediatric GERD phenotype, 13q14 locus excluded for infantile esophagitis
Phenotype.
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While it is widely believed that obese children have increased rates of reflux, there is a paucity of data yet available to support this. While there seems to be an increased risk for GER, there seems to be no increased risk of esophagitis found in these children though more studies are needed.
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More details regarding the various differential diagnosis follows:
Metabolic/Endocrine: galactosemia, hereditary fructose intolerance, urea cycle defects, amino and organic acidemias, congenital adrenal hyperplasia
Toxic:  lead, iron, vitamin A & D, medications (ipecac, digoxin, theophylline, etc.)
Renal:  obstructive uropathy, renal insufficiency
Cardiac:  congestive heart failure, vascular ring
Neurologic:  hydrocephalus, subdural hematoma, intracranial hemorrhage, intracranial mass, infant migraine, chiari malformation
Gastrointestinal Obstruction:  pyloric stenosis, malrotation with intermittant volvulus, intestinal duplication, Hirschsprung disease, antral/duodenal web, foreign body, incarcerated hernia
Allergic: dietary protein intolerance
Infectious: sepsis, meningitis, urinary tract infection, pneumonia, otitis media, hepatitis, viral
Gastrointestinal Disorders:  achalasia, gastroparesis, gastroenteritis, peptic ulcer, eosinophilic esophagitis/gastroenteritis, food allergy, inflammatory bowel disease, pancreatitis, appendicitis
Others:  Pediatric falsification disorder (Munchausen syndrome by proxy), Child neglect of abuse, Self-induced vomiting, Cyclic vomiting syndrome, Autonomic dysfunction

Vandenplas Y, Rudolph CD, Di Lorenzo C, et al.  Pediatric gastroesophageal reflux clinical practice guidelines: joint recommendations of the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN) and the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN).  J Pediatr Gastroenterol Nutr. 2009;49(4):498-547.
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GER with or without aspiration occurs frequently in neurologically impaired children.  The neurologic impairment may be acquired (e.g., associated with CNS infection or anoxia), congenital (e.g., congenital hydrocephalus), or associated with a syndrome (such as a chromosome abnormality, neuromuscular disorder, or agyria).  GER has been reported in specific populations with neurologic defects: patients with mental retardation [4, 5], cerebral palsy or tetraplegia [6, 7], and hydrocephalus [8].  GER may be a manifestation of GI tract dysfunction or secondary to a feeding gastrostomy in these malnourished patients.

Pensabene L, Miele E, Del Giudice E, et al.  Mechanisms of gastroesophageal reflux in children with sequelae of birth asphyxia. Brain Dev. 2008;30(9):563-71.
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Gustafsson PM, Tibbling L. Gastro-oesophageal reflux and oesophageal dysfunction in children and adolescents with brain damage. Acta Paediatr 1994;83:1081-5.
Ravelli AM, Milla PJ. Vomiting and gastroesophageal motor activity in children with disorders of the central nervous system. J Pediatr Gastroenterol Nutr 1998;26:56-63.
Shteyer E, Rothman E, Constantini S, Granot E. Gastroesophageal reflux in infants with hydrocephalus before and after ventriculo-peritoneal shunt operation. Pediatr Neurosurg 1998;29(3):18-41.
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This was a retrospective study.  Patients had a median age of 15 yrs (range:  ages 5-20) at diagnosis.  Total study number was 147; 68% female, symptom duration prior to diagnosis was 2.2 years, 73% missed school/work, 46% were hospitalized due to symptoms, 100% post-prandial regurgitation after almost every meal (2.7 ± 0.1 meals per day), 11% underwent surgery prior to diagnosis, 16% had psychiatric disorders, 3% had anorexia or bulimia nervosa.  Weight loss was documented in 42% (~7 kg).  Additional symptoms included abdominal pain, constipation, nausea, diarrhea.

Older KW.  Rumination.  Curr Treat Options Gastroenterol. 2001;4(4):351-58.
Chial HJ, Camilleri M, Williams DE et al. Rumination syndrome in children and adolescents: diagnosis, treatment, and prognosis.  Pediatrics. 2003 Jan;111(1):158-62.
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Measuring Reflux by Multi-Channel 
Intraluminal Impedance 

• Multi-channel Intraluminal 
– Impedance (MII) is a catheter 
– based method for measuring reflux 

• It is a pH-independent method 
• Measures change in resistance  

to electrical current flow between 
two sensors 

• Seven sensors throughout the esophagus 
• One distal pH sensor ± one proximal pH sensor 
• Three sizes of catheters: infant, pediatric, adult 
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An impedance tracing is shown in the slide above. The top 6 channels are impedance channels and the distal channel is a pH channel. The top channel (purple) is closest to the mouth and the blue channel is closest to the stomach. There is a drop in impedance in the blue channel and then the pink channel etc moving up the esophagus until the drop reaches the proximal most channel. This would be considered a full column reflux episode which reaches the proximal most sensors. There is an associated drop in pH at the same time so this would be considered a full column, acid reflux episode.

Limited outcome studies suggest the impedance changes clinical management in 22% of patients.

Rosen R, Hart K and Nurko S. Does reflux monitoring with multichannel intraluminal impedance change clinical decision making? J Pediatr Gastroenterol Nutr. 2011 Apr;52(4):404-7.
Wenzl TG. Investigating esophageal reflux with the intraluminal impedance technique. J Pediatr Gastroenterol Nutr 2002;34:261-8.
Wenzl TG, Silny J, Schenke S, et al. Gastroesophageal reflux and respiratory phenomena in infants: status of the intraluminal impedance technique. J Pediatr Gastroenterol Nutr 1999;28:423-8.
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This picture reflects the physiology of a reflux event. The top 7 channels are pressure channels. The 5 middle channels are impedance channels. The distal channel is pH. There is a drop in the distal pressure channel which is located in the lower esophageal sphincter. The sphincter relaxes (A). As the sphincter relaxes, there is a drop in pH signifying acid entering the esophagus (B). At the same time, there is retrograde movement of fluid up the esophagus as evidenced by drops in impedance starting in the distal impedance channel and moving upward (C). 
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Non-Acid reflux (defined as a pH>4) is common in pediatrics and depending on the population ranges from 40-89% of all reflux episodes. Higher amounts of non-acid reflux are found in infants, children taking acid suppression therapy and patients who are fed more frequently or continuously into the stomach. 
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Endoscopy can be helpful if it is abnormal but if it is normal, reflux still can be a valid diagnosis.
Endoscopy still serves an important role in looking for: 
causes of occult bleeding
peptic ulcer disease differentiating reflux disease from eosinophilic esophagitis
4) diagnosing celiac disease in patients who have reflux and positive titres.
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Liacouras CA, Furuta GT, Hirano I, et al.  Eosinophilic esophagitis: Updated consensus recommendations for children and adults.  Allergy Clin Immunol. 2011 Jul;128(1):3-20.e6. Epub 2011 Apr 7.
Furuta GT, Liacouras CA, Collins MH.  Eosinophilic esophagitis in children and adults: a systematic review and consensus recommendations for diagnosis and treatment.  Gastroenterology. 2007 Oct;133(4):1342-63. 
Lundell LR, Dent J, Bennett JR, et al. Endoscopic assessment of oesophagitis: clinical and functional correlates and further validation of the Los Angeles classification. Gut 1999;45:172-80.
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Patients with normal biopsies may have GERD as evidenced by symptoms and patients with evidence of eosinophilia may have reflux but may also have food allergy.  While histology may not be solely used to make a diagnosis of reflux, endoscopic biopsies are critical to diagnose eosinophilic esophagitis and that the patterns of inflammation may be helpful in determining the next diagnostic or therapeutic steps.
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The role of nuclear scintigraphy in the evaluation of pediatric GERD is unclear.  A nuclear scan can detect reflux of non-acidic as well as acidic gastric contents.  It can provide information about gastric emptying, which may be delayed in GERD patients, and demonstrate the presence of aspiration.  However, a lack of standardized techniques and the absence of age-specific normative data limit the value of scintigraphy.  The period of observation with this test is limited to the early postprandial period. Some groups have recommended delayed scanning 18-24 hours after ingestion to assess for tracer in the lung but this has not become a standard practice.
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Bile and pepsin can be measured in bronchoscopy fluid and saliva and are markers of full column reflux and aspiration of gastric contents. The extent to which these are biomarkers alone or whether bile and pepsin cause actual damage to the lung is uncertain though there are experimental models which suggest that they may serve both roles. The utility of these is still in the research realm and additional studies are needed to determine if the measurement of these biomarkers changes clinical outcome.
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New technologies are being used to measure reflux. Oropharygeal probes are designed to measure the acidification of the oropharynx which may be useful for the diagnosis of extraesophageal reflux syndromes. Breath testing to measure exhaled pH may be helpful to correlate symptoms with acid reflux. Cough catheters, whose recordings synch with reflux monitoring, measure pressure changes in the esophagus at the time of cough to allow for more accurate correlation of cough with reflux monitoring. The cough microphone allows for detection of cough using sound recordings which synch with reflux measurement devices.
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Infants who are turned on their side may have an increased risk of SIDS however the risk can be reduced by other measures.  If the infant sleeps better in the left lateral position, and has reduced GER, then that is the better position. 
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While there is data to suggest that the number of episodes of emesis decreases, studies with impedance show that there is no difference in the number of reflux episodes in patients receiving thickened feeds and there is no significant difference in the esophageal height of the refluxate. The thickening may improve the laundry problem but not the status of reflux in the esophagus. 
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Adult studies have suggested that H2 blockers may play a role in the treatment of nocturnal acid breakthrough in addition to healing of esophagitis but no pediatric studies have been performed.
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The majority, 8/10 pediatricians and pediatric subspecialists, use empiric therapy in every day practice.
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During the 2 to 4 week screening period, all patients received standardized conservative treatment for GERD, including smaller, more frequent feedings with hypoallergenic formula thickened with rice cereal for nonbreast-fed infants, and general instruction about GERD including positioning and environmental exposure. Calcium-containing rescue antacids were also provided. Patients remaining symptomatic after 2 weeks received OL pantoprazole granules for suspension approximately 1.2mg/kg/day (5 mg/day for infants 2.5 kg to <7 kg, or 10 mg/day for infants 7kg to 15 kg) for 4 weeks. The granules were provided in a single-dose packet including an inert powder blend. At the time of administration, the packet contents were emptied into a small cup.  Patients who were 80% compliant during the OL phase entered the DB treatment-withdrawal phase, at which time they were randomly assigned in a 1:1 fashion, stratified by weight, to receive pantoprazole or placebo for an additional 4 weeks.  A weekly GERD symptom score (WGSS) was defined as the sum of the 5 selected individual weekly GERD symptom mean frequencies for:  vomiting/regurgitation, irritability/fussiness, choking/gagging, arching back, and refusal to feed. Pantoprazole significantly improved GERD symptom scores and was well tolerated. However, during the DB treatment phase, there were no significant differences noted between pantoprazole and placebo in withdrawal rates due to lack of efficacy.
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Orenstein et al studied QD dosing (1-1.5 mg/kg/day for > 10 weeks old, 0.2-0.3 mg/kg/day for < 10 weeks).  There was no difference between PPI use and any reflux symptom.

Moore et al studied 30 infants 3 weeks to 2 months of age with irritability and evidence of pathologic reflux by ph-metry/biopsy.  Omeprazole was compared to placebo in a 4 week, cross over design with 10 mg per day in 5-10 kg and 10 mg BID if greater than 10 kg.  The GER index improved significantly with omeprazole but there was no difference in the crying time.

The reason for lack of improvement in symptoms is either that the patients symptoms were not a result of reflux or that PPIs do not reduce reflux burden but rather change it to non-acid reflux. 
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 30 infants 3 weeks to 2 months with irritability and evidence of pathologic reflux ( ph–metry and biopsy) 
 Omeprazole vs placebo ; 4 weeks/ cross over trial
 10 mg per day in 5-10 kg, 10 mg BID if greater than 10 kg 
 The GER index improved significantly with omeprazole but there was no difference in the crying time
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Parent/guardian-reported mean GERD symptom scores at baseline assessment (for the previous 72 h) and at the final visit (average of final-week scores) for the intention-to-treat population.  Scores were recorded as 0
(none) to 3 (severe). *P < 0.001 vs. baseline. +P < 0.01 vs. baseline.
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This slide compares healing rates among H2RA and PPI medications.  The populations within each study ranged from infancy through adolescence.  H2RAs compared to placebo demonstrated a superiority in healing erosive esophagitis. The placebo-controlled studies shown in this slide demonstrate that the use of high-dose nizatidine or cimetidine is effective in erosive esophagitis, yielding healing rates of 60%-70% in children. Ranitidine dosed BID or TID also produced a healing rate in that range.  For the PPIs, lansoprazole (15 or 30 mg QD or BID) was administered to children aged 1–11 years for 12 weeks. By week 8, erosive esophagitis had resolved in 78% of the patients. Final endoscopy demonstrated that the erosive esophagitis healing rate rose to 100% after a total of 12 weeks of therapy.  Omeprazole 20 mg also proved to be effective, producing a healing rate of nearly 90% at 8 weeks.  Overall, the H2RAs were associated with healing rates of approximately 60%-70%, while the PPIs were associated with healing rates of approximately 90%-100%.
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Composite Symptom Score (CSS) (at least 16 on the GERD Assessment of Symptoms in Pediatrics Questionnaire); individual symptoms include pain after eating, choking when eating, nausea, vomiting/regurgitation, burping/belching, difficulty swallowing, abdominal pain/belly pain and chestpain/heartburn. P <0.001 vs. baseline for all comparisons.

Tolia V, Bishop PR, Tsou VM, et al. Multicenter, randomized, double-blind study comparing 10, 20 and 40 mg pantoprazole in children (5-11 years) with symptomatic gastroesophageal reflux disease.  J Pediatr Gastroenterol Nutr. 2006;42(4):384-91.
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Speaker notes:  In this small study from Naples, 48 otherwise healthy children with erosive esophagitis were all given omeprazole for 3 months, and then re-endoscoped.  46 of the 48 had mucosal healing, and were randomized to receive three different types of maintenance therapy for the next 6 months: daily omeprazole, twice daily ranitidine, or no therapy.  Patients were then re-evalauated, and there was no difference in clinical, endoscopic, or histologic outcome irrespective of the type of maintenance therapy.
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The drug releases acetylcholine from intrinsic myenteric cholinergic neurons via activation of 5-HT4 receptors and serves as a dopamine receptor antagonist in the stomach. It also exhibits weak 5-HT3 receptor antagonism.  The prokinetic properties of metoclopramide are limited to the proximal gut.  Metoclopramide increases esophageal, fundic, and antral contractile amplitudes, elevates lower esophageal sphincter pressure, and improves antropyloroduodenal coordination.
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FDA Black Box Warning for metoclopramide:  http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm149533.htm 


Following a baseline period of intraesophageal pH monitoring, MCP was administered by injection at 0.1 mg/kg/dose (10 patients), 0.2 mg/kg/dose (11 patients), or 0.3 mg/kg/dose (21 patients). The percentage of time of intraesophageal pH less than 4, reflux frequency, and acid clearance time were calculated for each subject before and after MCP for both 5% dextrose and formula feedings. These parameters were further separated into 2-hour or shorter and more than 2-hour postprandial periods. No significant differences with either type of feeding were noted at either 0.1 or 0.2 mg/kg/dose. Significant decreases in the percentage of time the intraesophageal pH was less than 4 (30.0 +/- 2.9 versus 15.6 +/- 3.1, p = 0.001), the reflux frequency (episodes/hour; 6.5 +/- 0.9 versus 4.0 +/- 0.6, p = 0.004), and the acid clearance time (minutes/episode; 3.8 +/- 0.7 versus 2.2 +/- 0.3, p = 0.047) were noted in the 2-hour or shorter period following 5% dextrose feedings but not following the formula feedings in the subjects receiving 0.3 mg/kg/dose.
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Randomized, double-blind, placebo-controlled trial; †P < .05; ‡P < .01.  N = 30 (18 male, 12 female; mean age 10.0 ± 0.8 years). Data expressed as mean ± standard error of mean, or median (interquartile range).  Baclofen is the only drug that has been shown to reduce the non-acid reflux burden as well as the acid burden.  Patients were intubated with manometric/pH assembly and given 250 mL of cow’s milk.  Esophageal motility and pH was measured for 2 hours (control period) and thereafter Baclofen or placebo was administered.  Measurements were performed for another 2 hours (test period).
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Emesis score is outlined as follows:
<2x/week
>2x/week
1/day
>2x/day
Each meal
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Neurologically impaired children with GER are often resistant to standard antireflux medical treatment [3, 4].  Surgical options include fundoplication and esophagogastric disconnection [5].  Antireflux surgery is effective in
controlling GER but has been associated with a high risk of complications, recurrent GER post-fundoplication, and the need for reoperations [6-8].

A prospective study identified a factor predictive of failure of antireflux surgery in neurologically impaired children with GER symptoms [9].  Preoperatively, 20 children aged 0.25 to 8 years were classified into two groups:
those with symptoms suggestive of GER (effortless vomiting or regurgitation) and those with one or more features associated with activation of the emetic reflex (pallor, sweating, retching, forceful vomiting).  Subsequent to
antireflux surgery, 0/8 children in the former group retched, compared with 8/12 children in the latter group (p<.005).  The investigators suggested that antireflux surgery be avoided in children with neurologic deficits who
preoperatively exhibit symptoms caused by activation of the emetic reflex.
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The introduction of new drugs, including proton pump inhibitors and innovative endoscopic and surgical techniques in the management of GERD and constipation may have an impact on the treatment of neurologically handicapped children in the future.

A small study conducted in Hong Kong was conducted to study the effects of PPIs in reducing vomiting, GI bleeding, and chest infections in institutionalized neurologically-impaired children with refractory GER. In this study, 9 patients received proton pump inhibitor therapy for a median duration of 81 days. Mean reflux index was 9.3% (standard deviation, 5%). Dosage of omeprazole used was 1.0-2.3 mg/kg/d. Vomiting was reduced significantly with proton pump inhibitor treatment (median vomiting index [baseline]=0.4, median vomiting index [proton pump inhibitors]=0.2; P<0.05). No significant decrease in gastrointestinal bleeding or chest infection was observed.
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Okada T, Sasaki F, Asaka M et al. Delay of gastric emptying measured by 13C-acetate breath test in neurologically impaired children with gastroesophageal reflux.  Eur J Pediatr Surg. 2005;15(2):77-81.
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Summary: Medical Management 

• H2RAs produce relief of symptoms and mucosal healing. 

• PPIs are superior to H2RAs in relieving symptoms and healing 
esophagitis 

• There is insufficient support to justify the routine use of 
metoclopramide, erythromycin, bethanechol, or domperidone for 
GERD. 

• Antireflux surgery should be considered only in children with GERD 
and failure of optimized medical therapy, or long-term dependence on 
medical therapy where compliance or patient preference preclude 
ongoing use, or life-threatening complications. 

Vandenplas et al. J Pediatr Gastroenterol Nutr. 2009;49:498-547. 
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The reported success of antireflux surgery outcomes depends on the length of follow-up of the various studies; those with short-term follow-up will demonstrated better outcomes as compared to studies with long-term
follow-up.  Patients who are medical responders and the expertise of the surgeon are the most important predictors of outcomes. 

IN ADULTS:
Continuous esomeprazole treatment or laparoscopic fundoplication significantly improve microscopic esophagitis after 1 year that is maintained at 3 years
Surgery and omeprazole effective and well-tolerated long-term strategies for chronic GERD, surgery and omeprazole are effective and well-tolerated
Antireflux surgery is superior to omeprazole in controlling overall disease manifestations, but post-fundoplication complaints continue after surgery
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There is insufficient evidence that GERD causes or exacerbates sinusitis, pulmonary firbrosis, pharyngitis, and serous otitis media in the pediatric population. (GRADE of evidence = low)
Chronic cough, chronic laryngitis, hoarseness, and asthma may be associated with GERD. (GRADE of evidence = very low)
In the absence of heartburn or regurgitation, unexplained asthma is less likely to be related to GERD. (GRADE of evidence = low)
Chronic cough, chronic laryngitis, hoarseness, and asthma are multifactorial disease processes and acid reflux can be an aggravating factor.  (GRADE of evidence = very low)
There is an association between GERD and bronchopulmonary dysplasia in neonates and infants, but the cauase and effect relationship is uncertain.  (GRADE of evidence = low)
In premature infants, a relationship between GER and pathologic apnea and/or bradycardia has not been established.  (GRADE of evidence = high)
Although reflux causes physiologic apnea, it causes pathologic apneic edpisodes in only a very small number of newborns and infants. (GRADE of evidence = moderate)
When reflux causes pathological apnea, the infant is more likely to be awake and the apnea is more likely to be obstructive in nature.  (GARDE of evident = moderate)
A diagnosis of acute life-threatening event (ALTE) warrants consideration of causes other than GER. (GRADE of evidence = high)
At present, no single diagnostic text can prove or exclude extraesophageal presentations of GERD in pediatrics. (GRADE of evidence = not applicable)
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There are two mechanisms by which reflux related lung disease occurs.  One hypothesis is
that contents are refluxed from the stomach into the esophagus and then aspirated into the
lung. The second mechanism is that a bolus enters the esophagus and either because of pH
changes or distension results in vagally mediated changes in the lung such as bronchospasm.
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GER can cause recurrent pneumonia in absence of esophagitis.  Normal esophageal pH studies do not exclude GER as a cause. Before considering GER, rule out other causes such as neuromuscular disease or esophageal or laryngeal anatomic abnormalities.  The incidence of GER-related recurrent aspiration in otherwise healthy infants and children is rare.  Fundoplication to prevent recurrent pneumonia is often not helpful and may worsen the frequency of pneumonia.

In a study of 238 children hospitalized with pneumonia (Owayed et al) causes of recurrent pneumonia in children include aspiration (48%), immune disorder (14%), congenital heart disease (9%), asthma (8%), respiratory tract anomaly (8%), GER (6%), other/unknown (8%).
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GER can cause recurrent pneumonia in absence of esophagitis.  Normal esophageal pH studies do not exclude GER as a cause. Before considering GER, rule out other causes such as neuromuscular disease or esophageal or laryngeal anatomic abnormalities.  The incidence of GER-related recurrent aspiration in otherwise healthy infants and children is rare.  Fundoplication to prevent recurrent pneumonia is often not helpful and may worsen the frequency of pneumonia.

In a study of 238 children hospitalized with pneumonia (Owayed et al) causes of recurrent pneumonia in children include aspiration (48%), immune disorder (14%), congenital heart disease (9%), asthma (8%), respiratory tract anomaly (8%), GER (6%), other/unknown (8%).
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* In the absence of heartburn or regurgitation, unexplained asthma is less likely to be related to GERD. (GRADE of evidence = low)
* There is insufficient evidence that GERD causes or exacerbates sinusitis, pulmonary fibrosis, pharyngitis and serous otitis media. (GRADE of evidence = low)
* Chronic cough, chronic laryngitis, hoarseness and asthma are multifactorial disease processes and acid reflux can be an aggravating cofactor. (GRADE of evidence = very low)
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Large RCTs of PPIs and asthma show little to no benefit of PPIs for asthma.

In Khoshoo et al
In this open label study 44 children with asthma and GERD having had one year of PPI/prokinetic treatment and not exacerbation in 3 months were treated.  There was a six month follow-up of 30 patients who continued  esomeprazole/metoclopramide therapy and 14 who continued with ranitidine therapy.  Nine fundoplication patients were used as controls.  During the 6-month follow-up ranitidine patients experienced significantly more exacerbations per patient (2.2) as compared to esomeprazole/metoclopramide patients (0.33) or the fundoplication group (0.77) (P<0.05).  Fundoplication or continued treatment with esomeprazole/ metoclopramide is associated with significantly fewer exacerbations of asthma symptoms in children with moderate-persistent asthma and concomitant GERD in comparison with treatment with ranitidine.

Størdal et al
In this RCT of omeprazole 20 mg QD versus placebo for the treatment of children with asthma and abnormal pH-MII monitoring, there was no difference in any of the parameters which parallels the adult finding however this is a very small study.
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• Data showing a relation between reflux and upper airway disease 
are weak 

• Airway symptoms attributed to reflux in adults include  
hoarseness, chronic cough, and globus sensation 

• Affected adults rarely have typical reflux symptoms 

• The sensitivity of laryngoscopic findings to identify  
reflux disease are poor 

The Relationship Between Laryngeal 
Symptoms/Findings and GER 
 
Chronic cough, chronic laryngitis, hoarseness, 
and asthma may be associated with GERD 
 

Sherman et al. Am J Gastroenterol.  2009;104:1278-95. 
Vandenplas et al. J Pediatr Gastroenter Nutr.  2009;49:498-547. 
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* There is insufficient evidence that GERD causes or exacerbates sinusitis, pulmonary fibrosis, pharyngitis and serous otitis media. (GRADE of evidence = low)
* Chronic cough, chronic laryngitis, hoarseness and asthma are multifactorial disease processes and acid reflux can be an aggravating cofactor. (GRADE of evidence = very low)
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