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Abstract
Gastroesophageal reflux (GER), defined as passage of
gastric contents into the esophagus, and GER disease
(GERD), defined as symptoms or complications of GER,
are common pediatric problems encountered by both primary and specialty medical providers. Clinical manifestations of GERD in children include vomiting, poor
weight gain, dysphagia, abdominal or substernal pain,
esophagitis and respiratory disorders. The GER Guideline Committee of the North American Society for Pediatric Gastroenterology and Nutrition has formulated a
clinical practice guideline for the management of pediatric GER. The GER Guideline Committee, consisting of
a primary care pediatrician, two clinical epidemiologists
(who also practice primary care pediatrics) and five pediatric gastroenterologists, based its recommendations on
an integration of a comprehensive and systematic review
of the medical literature combined with expert opinion.
Consensus was achieved through Nominal Group Technique, a structured quantitative method.
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The Committee examined the value of diagnostic tests
and treatment modalities commonly used for the management of GERD, and how those interventions can be
applied to clinical situations in the infant and older child.
The guideline provides recommendations for management by the primary care provider, including evaluation,
initial treatment, follow-up management and indications
for consultation by a specialist. The guideline also provides recommendations for management by the pediatric
gastroenterologist.
This document represents the official recommendations of the North American Society for Pediatric Gastroenterology and Nutrition on the evaluation and treatment of gastroesophageal reflux in infants and children.
The American Academy of Pediatrics has also endorsed
these recommendations. The recommendations are summarized in a synopsis within the article. This review and
recommendations are a general guideline and are not
intended as a substitute for clinical judgment or as a
protocol for the management of all patients with this
problem.
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SYNOPSIS

Treatment Options

This clinical practice guideline was developed to assist the primary and specialist medical provider in the evaluation and management of gastroesophageal reflux in infants and children. Recommendations are based on an integration of a comprehensive and
systematic review of the medical literature combined with expert
opinion. The guideline is not intended for the management of neonates less than 72 hours old, premature infants or infants and children with either neurologic impairments or anatomic disorders of
the upper gastrointestinal tract. The recommendations are a general
guideline and are not intended as a substitute for clinical judgment
or as a protocol for the management of all patients with this problem.
Gastroesophageal reflux (GER), defined as the passage of gastric contents into the esophagus, and GER disease (GERD), defined
as symptoms or complications of GER, are common pediatric
problems. Clinical manifestations of GERD in children include
vomiting, poor weight gain, dysphagia, abdominal or substernal
pain, esophagitis and respiratory disorders. The following section
summarizes the conclusions and recommendations of the GER
Guideline Committee of the North American Society for Pediatric
Gastroenterology and Nutrition on the value of diagnostic tests and
treatment modalities commonly used for the management of
GERD, and how those interventions can be applied to clinical
situations in the infant and older child.

Diet Changes in the Infant. There is evidence to support a oneto two-week trial of a hypoallergenic formula in formula fed infants with vomiting. Milk-thickening agents do not improve reflux
index scores but do decrease the number of episodes of vomiting.
Positioning in the Infant. Esophageal pH monitoring has demonstrated that infants have significantly less GER when placed in
the prone position than in the supine position. However, prone
positioning is associated with a higher rate of the sudden infant
death syndrome (SIDS). In infants from birth to 12 months of age
with GERD, the risk of SIDS generally outweighs the potential
benefits of prone sleeping. Therefore, non-prone positioning during
sleep is generally recommended. Supine positioning confers the
lowest risk for SIDS and is preferred. Prone positioning during
sleep is only considered in unusual cases where the risk of death
from complications of GER outweighs the potential increased risk
of SIDS. When prone positioning is necessary, it is particularly
important that parents be advised not to use soft bedding, which
increases the risk of SIDS in infants placed prone.
Positioning in the Child & Adolescent. In children older than
one year it is likely that there is a benefit to left side positioning
during sleep and elevation of the head of the bed.
Lifestyle Changes in the Child & Adolescent. It is recommended that children and adolescents with GERD avoid caffeine,
chocolate and spicy foods that provoke symptoms. Obesity, exposure to tobacco smoke and alcohol are also associated with GER.
It is not known whether lifestyle changes have an additive benefit
in patients receiving pharmacological therapy.
Acid-suppressant Therapy. Histamine-2 receptor antagonists
(H2RAs) produce relief of symptoms and mucosal healing. Proton
pump inhibitors (PPIs), the most effective acid suppressant medications, are superior to H2RAs in relieving symptoms and healing
esophagitis. Chronic antacid therapy is generally not recommended
since more convenient and safe alternatives (H2RAs and PPIs) are
available.
Prokinetic Therapy. Cisapride is available in the USA only
through a limited-access program. Cisapride reduces the frequency
of symptoms, including regurgitation and vomiting. However, because of concerns about the potential for serious cardiac arrhythmias in patients receiving cisapride, appropriate patient selection
and monitoring as well as proper use, including correct dosage (0.2
mg/kg/dose QID) and avoidance of co-administration of contraindicated medications, are important. Other prokinetic agents have
not been shown to be effective in the treatment of GERD in children.
Surgical Therapy. Case series indicate that surgical therapy
generally results in favorable outcomes. The potential risks, benefits and costs of successful prolonged medical therapy versus
fundoplication have not been well studied in infants or children in
various symptom presentations.

Diagnostic Approaches
History and Physical Examination. In most infants with vomiting, and in most older children with regurgitation and heartburn,
a history and physical examination are sufficient to reliably diagnose GER, recognize complications, and initiate management.
Upper GI Series. The upper gastrointestinal (GI) series is neither sensitive nor specific for the diagnosis of GER, but is useful
for the evaluation of the presence of anatomic abnormalities, such
as pyloric stenosis, malrotation and annular pancreas in the vomiting infant, as well as hiatal hernia and esophageal stricture in the
older child.
Esophageal pH Monitoring. Esophageal pH monitoring is a
valid and reliable measure of acid reflux. Esophageal pH monitoring is useful to establish the presence of abnormal acid reflux, to
determine if there is a temporal association between acid reflux and
frequently occurring symptoms, and to assess the adequacy of
therapy in patients who do not respond to treatment with acid
suppression. Esophageal pH monitoring may be normal in some
patients with GERD, particularly those with respiratory complications.
Endoscopy and Biopsy. Endoscopy with biopsy can assess the
presence and severity of esophagitis, strictures and Barrett’s
esophagus, as well as exclude other disorders, such as Crohn’s
disease and eosinophilic or infectious esophagitis. A normal appearance of the esophagus during endoscopy does not exclude
histopathological esophagitis; subtle mucosal changes such as erythema and pallor may be observed in the absence of esophagitis.
Esophageal biopsy is recommended when endoscopy is performed
to detect microscopic esophagitis and to exclude causes of esophagitis other than GER.
Empiric Medical Therapy. A trial of time-limited medical
therapy for GER is useful for determining if GER is causing a
specific symptom.
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Evaluation and Management of Infants and
Children with Suspected GERD
The approach to the evaluation and management of infants and
children with GERD depends upon the presenting symptoms or
signs. Below is a summary of conclusions and recommendations
derived from an integration of the research evidence with clinical
experience for various clinical presentations. Where there are no
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randomized studies, the recommendations are based on the consensus opinion of the GER Guideline Committee.
The Infant with Recurrent Vomiting. In the infant with recurrent vomiting, a thorough history and physical examination,
with attention to warning signals, is generally sufficient to allow
the clinician to establish a diagnosis of uncomplicated GER (the
“happy spitter”). An upper GI series is not required unless there are
signs of gastrointestinal obstruction. Other diagnostic tests may be
indicated if there are symptoms of poor weight gain, excessive
crying, irritability, disturbed sleep, feeding or respiratory problems.
In the infant who has uncomplicated GER, parental education,
reassurance and anticipatory guidance are recommended. Generally no other intervention is necessary. Thickening of formula and
a brief trial of a hypoallergenic formula are other treatment options.
If symptoms worsen or do not improve by 18 to 24 months of age,
re-evaluation for complications of GER is recommended. Generally this includes an upper GI series and consultation with a pediatric gastroenterologist.
The Infant with Recurrent Vomiting and Poor Weight
Gain. In the infant with vomiting and poor weight gain it is recommended that the adequacy of calories and the effectiveness of
swallowing be assessed. If there is poor weight gain despite adequate caloric intake, a diagnostic evaluation to uncover other
causes of vomiting or weight loss is generally indicated. Tests may
include a complete blood count, electrolytes, bicarbonate, urea nitrogen, creatinine, alanine aminotransferase, ammonia, glucose,
urinalysis, urine ketones and reducing substances, and a review of
newborn screening tests. An upper GI series to evaluate anatomy is
also recommended. Treatment options include thickening of formula, a trial of a hypoallergenic formula, increasing the caloric
density of the formula, acid suppression therapy, prokinetic therapy
and, in selected cases, prone positioning. Further management options include endoscopy with biopsy, hospitalization, tube feedings
and rarely surgical therapy. Careful follow-up is necessary to assure adequate weight gain.
The Infant with Recurrent Vomiting and Irritability. Normal infants typically fuss or cry intermittently for an average of
two hours daily, which may be perceived as excessive by some
parents. A symptom diary may be useful to determine the extent to
which the infant is irritable and has disturbed sleep. As in all
infants with vomiting, other causes of vomiting need to be excluded. Expert opinion suggests two diagnostic and treatment strategies. Empiric treatment with either a sequential or simultaneous
two-week trial of a hypoallergenic formula and acid suppression
may be initiated. If there is no improvement, either esophageal pH
monitoring to determine the adequacy of therapy or upper endoscopy with biopsy to diagnose esophagitis may be performed. If
there is no response to therapy and these studies are normal, it is
unlikely that GER is contributing to symptoms. Alternatively,
evaluation could begin with esophageal pH monitoring to determine if episodes of irritability and sleep disturbance are temporally
associated with acid reflux.
The Child or Adolescent with Recurrent Vomiting or
Regurgitation. In otherwise normal children who have recurrent
vomiting or regurgitation after the age of 2 years, management
options include an upper GI series, upper endoscopy with biopsy,
and prokinetic therapy.
Heartburn in the Child or Adolescent. For the treatment of
heartburn in children or adolescents, lifestyle changes accompanied by a two- to four-week therapeutic trial of an H2RA or PPI are
recommended. If symptoms persist or recur, the child can be re-
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ferred to a pediatric gastroenterologist for upper endoscopy with
biopsy and in some cases long-term therapy.
Esophagitis. In the infant or child with esophagitis, initial treatment consists of lifestyle changes and H2RA or PPI therapy. In
patients with only histopathological esophagitis, the efficacy of
therapy can be monitored by the degree of symptom relief. In
patients with erosive esophagitis, repeat endoscopy is recommended to assure healing.
Dysphagia or Odynophagia. In the child with dysphagia (difficulty swallowing) or odynophagia (painful swallowing), a barium
esophagram is recommended. If the initial history is suggestive of
esophagitis, upper endoscopy may be performed as the initial diagnostic test. Treatment without prior diagnostic evaluation is not
recommended. In the infant with feeding refusal, because a large
variety of disorders may contribute to infant feeding difficulties,
empiric therapy for GER is generally not recommended. However,
if there are other signs or symptoms suggestive of GERD then a
time-limited course of medical therapy can be considered.
Apnea or Apparent Life-threatening Events (ALTE). In patients with ALTEs recurrent regurgitation or emesis is common.
However, investigations in unselected patients with ALTE have
not demonstrated a convincing temporal relationship between
esophageal acidification and apnea or bradycardia. There are no
randomized studies to evaluate the usefulness of esophageal pH
monitoring in infants with ALTE. In patients with frequent ALTE
in which the role of GER is uncertain, esophageal pH monitoring
may be useful to determine if there is a temporal association of acid
reflux with ALTE. The evidence suggests that infants with ALTE
and GER may be more likely to respond to anti-reflux therapy
when there is gross emesis or oral regurgitation at the time of the
ALTE, when episodes occur in the awake infant, and when the
ALTE is characterized by obstructive apnea. Therapeutic options
include thickened feedings and prokinetic and acid suppressant
therapy. Since most infants improve with medical management,
surgery is considered only in severe cases.
Asthma. In patients where symptoms of asthma and GER coexist, and in infants and toddlers with chronic vomiting or regurgitation and recurrent episodes of cough and wheezing, a threemonth trial of vigorous acid suppressant therapy of GER is recommended. In patients with persistent asthma without symptoms
of GER, esophageal pH monitoring is recommended in selected
patients who are more likely to benefit from GER therapy. These
include patients with radiographic evidence of recurrent pneumonia; patients with nocturnal asthma more than once a week; and
patients requiring either continuous oral corticosteroids, high-dose
inhaled corticosteroids, more than two bursts per year of oral corticosteroids or those with persistent asthma unable to wean medical
management. If esophageal pH monitoring demonstrates an increased frequency or duration of esophageal acid exposure, a trial
of prolonged medical therapy for GER is recommended.
Recurrent Pneumonia. GER can cause recurrent pneumonia in
the absence of esophagitis or when esophageal pH monitoring is
normal. There is insufficient evidence to provide recommendations
for a uniform approach to diagnosis and treatment. Diagnostic
evaluation may include flexible bronchoscopy with pulmonary lavage for lipid-laden macrophages, nuclear scintigraphy and assessment of airway protective mechanisms during swallowing.
Upper Airway Symptoms. Hoarseness, chronic cough, stridor
and globus sensation can be associated with GER in infants and
children. There is insufficient evidence to provide recommendations for diagnosis and treatment.
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1. Background

Gastroesophageal reflux (GER), defined as passage of
gastric contents into the esophagus, is a normal physiologic process that occurs throughout the day in healthy
infants, children, and adults (1–4). Most episodes of reflux are brief and asymptomatic, not extending above the
distal esophagus. Regurgitation is defined as passage of
refluxed gastric contents into the oral pharynx. Vomiting
is defined as expulsion of the refluxed gastric contents
from the mouth. GER occurs during episodes of transient
relaxation of the lower esophageal sphincter or inadequate adaptation of the sphincter tone to changes in
abdominal pressure (5,6). The strength of the lower
esophageal sphincter, the primary antireflux barrier, is
normal in the vast majority of children with GER (5,6).
Gastroesophageal reflux disease (GERD) occurs when
gastric contents reflux into the esophagus or oropharynx
and produce symptoms (Table 1). The pathogenesis of
GERD is multifactorial and complex, involving the frequency of reflux, gastric acidity, gastric emptying,
esophageal clearing mechanisms, the esophageal mucosal barrier, visceral hypersensitivity, and airway responsiveness. To date no medical treatment targets the primary mechanism of GER, transient relaxation of the
lower esophageal sphincter. The primary goals of
therapy are to relieve the patient’s symptoms, promote
normal weight gain and growth, heal inflammation
caused by refluxed gastric contents (esophagitis), and
prevent respiratory and other complications associated
with chronic reflux of gastric contents.
During infancy GER is common and is most often
manifest as vomiting. Recurrent vomiting occurs in 50%
of infants in the first three months of life, in 67% of four
month old infants, and in 5% of 10 to 12 month old
infants (7). Vomiting resolves spontaneously in nearly all
TABLE 1. Complications of gastroesophageal reflux
Symptoms
Recurrent vomiting
Weight loss or poor weight gain
Irritability in infants
Regurgitation
Heartburn or chest pain
Hematemesis
Dysphagia or feeding refusal
Apnea or ALTE
Wheezing or stridor
Hoarseness
Cough
Abnormal neck posturing (Sandifer syndrome)
Findings
Esophagitis
Esophageal stricture
Barrett’s esophagus
Laryngitis
Recurrent pneumonia
Hypoproteinemia
Anemia
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of these infants (8). Parents do not usually perceive vomiting as a problem when it occurs no more often than
once daily, but they are more likely to be concerned
when vomiting is more frequent, the volume of vomitus
is large, or when the infant cries frequently or with vomiting.
A small minority of infants develop GERD with
symptoms including anorexia, dysphagia (difficulty
swallowing), odynophagia (painful swallowing), arching
of the back during feedings, irritability, hematemesis,
anemia or failure to thrive. GER is one of the causes of
apparent life-threatening events (ALTE) in infants and
has been associated with chronic respiratory disorders
including reactive airways disease, recurrent stridor,
chronic cough and recurrent pneumonia in infants.
In preschool age children GER may manifest as intermittent vomiting. Older children are more likely to have
the adult-type pattern of chronic heartburn or regurgitation with reswallowing. Esophagitis in older children
may present as dysphagia or food impaction. Rarely,
esophageal pain causes stereotypical, repetitive stretching and arching movements that are mistaken for atypical
seizures or dystonia (Sandifer syndrome) (9,10). More
severe inflammation may cause chronic blood loss with
anemia, hematemesis, hypoproteinemia or melena (11).
If the inflammation is untreated, circumferential scarring
or strictures may form. Chronic inflammation may also
result in replacement of distal esophageal mucosa with a
metaplastic potentially malignant specialized epithelium
known as a Barrett’s mucosa (12). GER is common in
children with asthma, but recurrent aspiration pneumonia
due to GER is uncommon except in the neurologically
impaired child. Hoarseness has also been associated with
GER in children.
Little is known about the prevalence or natural history
of GERD in children and adolescents. Numerous disorders can present with the same symptoms and signs as
GER or GERD. Diagnostic and therapeutic approaches
vary with the age of the patient and the presenting sign or
symptom. Although GER is a common pediatric problem, no evidence-based guidelines for its evaluation and
treatment currently exist. Therefore, the GER Guideline
Committee was formed by the North American Society
for Pediatric Gastroenterology and Nutrition (NASPGN)
to develop a clinical practice guideline for the management of GER and GERD in infants and children.
The GER Guideline Committee consists of a primary
care pediatrician, two clinical epidemiologists who are
also primary care pediatricians and five pediatric gastroenterologists. This clinical practice guideline is designed
to assist primary care providers, pediatric gastroenterologists, pediatric surgeons, pediatric pulmonologists and
pediatric otolaryngologists in the management of children with GER in both inpatient and outpatient settings.
The guideline is not intended for the management of
neonates less than 72 hours old, premature infants or
infants and children with either neurologic impairments
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or anatomic disorders of the upper gastrointestinal tract.
The management of infants less than two years of age
was considered separately from the management of children and adolescents two to 18 years of age. The desirable outcome of optimal management was defined as
improvement or resolution of the presenting symptoms
and complications of GER, with interventions that have
few or no adverse effects, and with resultant resumption
of functional health. Cost effectiveness was not considered because of a lack of information in pediatric patients.
This document represents the official recommendations of the North American Society for Pediatric Gastroenterology and Nutrition on the evaluation and treatment of gastroesophageal reflux in infants and children.
The American Academy of Pediatrics has also endorsed
these recommendations. This review and recommendations are a general guideline and are not intended as a
substitute for clinical judgment or as a protocol for the
management of all patients with this problem.
2. Methods
In order to develop an evidence-based guideline the
following search strategy was used. Articles on diagnosis, treatment, and complications were searched separately. Articles published in English between January
1966 and March 1999 on GER in children were searched
using Ovid and PubMed. Letters, abstracts, editorials,
case reports, reviews, and articles related to premature
infants and children with neurological impairments were
excluded. The search strategies for diagnosis yielded 169
articles, 129 articles after exclusion criteria were applied,
while the search strategy for treatment yielded 770 articles. After exclusion criteria were applied, there were
23 articles related to non-pharmacological treatment (positioning and dietary changes), 42 to pharmacological
treatment (prokinetics and acid-suppressants) and 70 to
surgical treatment (fundoplication). Searches on specific
complications of GER yielded the following: 140 before
and 20 after application of exclusion criteria for apnea
and apparent life-threatening events; 91 before and 27
after exclusion criteria for asthma; 18 before and 9 after
exclusion criteria for eosinophilic esophagitis; and 83
before and 34 after exclusion criteria for pulmonary disease. Subsequently, additional articles were identified
and reviewed. When the pediatric literature was insufficient, the adult literature was also considered.
Articles were evaluated using published criteria
(13,14). To evaluate inter-rater reliability, both clinical
epidemiologists independently reviewed twenty-nine of
the therapy articles on respiratory complications. Concordance using the criteria was 48% with all differences
attributable to case series (Level IIa) and descriptive
studies (Level III) evidence. If case series and large case
reports were considered equivalent, the concordance was
100%. The Committee based its recommendations on
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integration of the literature review with expert opinion.
Consensus was achieved through Nominal Group Technique, a structured, quantitative method (15). Using the
methods of the Canadian Preventive Services Task Force
(16), the quality of evidence of each of the recommendations made by the GER Guideline Committee was determined and is summarized in the Appendix.
In the following sections we examine the effectiveness
of diagnostic tests and treatment modalities commonly
utilized for the management of GERD. Subsequent sections indicate how those interventions can be applied to
various clinical situations in the infant and older child.
3. Diagnostic Approaches
Although many tests have been used for the diagnosis
of GER, few objective studies compare the various diagnostic approaches. More importantly, it is not known
whether tests can predict when an individual patient will
improve with either medical or surgical therapy for
GERD. A test may be useful to document the occurrence
of GER, to detect complications of GER, to establish a
causal relationship between GER and symptoms, to
evaluate therapy or to exclude other causes of symptoms.
Since each test is designed to answer a particular question, it is valuable only when used in the appropriate
clinical situation.
3.1 History and Physical Examination
A review of the medical literature found no reports
comparing the history and physical examination to diagnostic tests. In two pediatric studies of persistent GER
there was no relationship between symptoms and the
presence of esophagitis (17,18). Nonetheless, based upon
expert opinion, in most infants with vomiting and most
older children with regurgitation and heartburn, a history
and physical examination are sufficient to reliably diagnose GER, recognize complications, and initiate management.
3.2 Barium Contrast Radiography
The upper gastrointestinal (GI) series is useful to detect anatomic abnormalities, such as pyloric stenosis,
malrotation, hiatal hernia and esophageal stricture. When
compared to esophageal pH monitoring, the upper GI
series is neither sensitive nor specific for the diagnosis of
GER. The sensitivity, specificity and positive predictive
value of the upper GI series range from 31% to 86%,
21% to 83%, and 80% to 82% respectively when compared to esophageal pH monitoring (19–24). The brief
duration of the upper GI series results in false negative
results, while the frequent occurrence of nonpathological reflux results in false positive results. Thus,
the upper GI series is not a useful test to reliably determine the presence or absence of GER.
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001
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3.3 Esophageal pH Monitoring

Esophageal pH monitoring, used widely as an index of
esophageal acid exposure, measures the frequency and
duration of episodes of acid reflux (25). The test is performed by the transnasal placement of a microelectrode
into the lower esophagus, which measures and records
intraesophageal pH. Most clinicians utilize computerized
devices that record intraesophageal pH every 4 to 8 seconds (26,27). Computerized analysis calculates the number and duration of reflux episodes (28). An episode of
acid reflux is usually defined as esophageal pH <4 for a
specified minimum duration, usually 15 to 30 seconds
(29).
The recording device, diet, position and activity during the study affect the measurement of esophageal pH.
Location of the probe sensor also affects the results; the
distal esophagus is normally exposed to more acid than
the proximal esophagus. There is technical and biological variability on sequential 24-hour pH monitoring studies, but this variability appears to affect the interpretation
of results in only a small number of patients (30–32).
Abbreviated studies of fewer than 12 hours are less reproducible than longer studies (33,34).
Asymptomatic episodes of acid reflux occur in normal
infants, children, adolescents and adults. In a study of
509 normal infants, 0 to 11 months of age, there were 31
± 21 episodes of acid reflux per day; the upper limit of
normal was 73 episodes daily (2). In three studies of 48
children, 0 to 9 years of age, the mean upper limit of
normal was 25 daily (29,35,36) and in 50 normal adults
it was 45 daily (37). The mean upper limit of normal for
the number of episodes of acid reflux lasting 5 minutes
or longer was 9.7 in infants, 6.8 in children and 3.2 in
adults. The percentage of the total time that the esophageal pH is <4, also called the reflux index, is considered
the most valid measure of reflux because it reflects the
cumulative exposure of the esophagus to acid. The mean
upper limit of normal of the reflux index was 11.7% in
infants 0 to 11 months (2), 5.4% in children 0 to 9 years
old (29,35,36), and approximately 6% in 432 normal
adults (38). These studies indicate that acid reflux is a
physiologic process that is more common in normal infants in the first year of life than it is in normal older
children and adults. Based on the above studies, it is
recommended that the upper limit of normal of the reflux
index be defined as up to 12% in the first year of life and
up to 6% thereafter.
The presence of endoscopic and histopathological
esophagitis is strongly associated with abnormal esophageal pH monitoring. In pediatric patients with endoscopic esophagitis (ulcerations or erosions) or biopsy
proven esophagitis, approximately 95% will have an abnormal reflux index (39–41). However, not all patients
with GER have esophagitis. In the selected populations
of patients reported, esophagitis is present in 50% of
patients with positive esophageal pH monitoring studies
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001

(39–41) and the severity of esophagitis does not correlate
with the reflux index (42). Proximal esophageal and pharyngeal pH monitoring have not been proven to be more
useful than lower esophageal pH monitoring alone for
determining which patients are at risk for upper airway
complications of GER (3,43,44).
Esophageal pH monitoring can be used to detect abnormal acid reflux in selected clinical situations. Esophageal pH monitoring can determine if a patient’s symptom is temporally associated with acid reflux by calculating the symptom index. The symptom index is the
ratio of the number of episodes of a symptom (e.g., heartburn) that occur concurrent with acid reflux divided by
the total number of episodes of that symptom. In adults,
symptom index scores !0.5 suggest a relationship between heartburn and gastroesophageal reflux; in these
cases, symptoms have successfully been controlled with
acid suppression therapy (45). One study using the symptom index in infants compared behavior with episodes of
acid reflux (46). Esophageal pH monitoring is also useful
to assess the adequacy of the dosage of acid suppression
therapy in children being treated with a proton pump
inhibitor (47) and may be useful to determine if a patient
may be at increased risk for airway complications of
GER. For example, approximately 60% of children with
asthma, poorly responsive to conventional treatment, had
abnormal esophageal pH monitoring studies (48–50).
Esophageal pH monitoring does not detect non-acidic
reflux episodes such as occur post-prandially in infants.
In some patients, esophageal pH monitoring may be
within the range of normal but brief episodes of GER
may cause complications such as ALTE, cough or aspiration pneumonia.
In summary, esophageal pH monitoring is a valid and
reliable measure of acid reflux. Esophageal pH monitoring establishes the presence of abnormal acid reflux, to
determine if there is a temporal association between acid
reflux and frequently occurring symptoms, and to assess
the adequacy of therapy in patients who do not respond
to treatment with acid suppressants
3.4 Endoscopy and Biopsy
Endoscopy enables both visualization and biopsy of
the esophageal epithelium. Endoscopy and biopsy can
determine the presence and severity of esophagitis, strictures and Barrett’s esophagus, as well as exclude other
disorders, such as Crohn’s disease, webs and eosinophilic or infectious esophagitis. A normal appearance of the
esophagus during endoscopy does not exclude histopathological esophagitis. The subtle mucosal changes of erythema and pallor may be observed in the absence of
esophagitis (18,42,51). Endoscopic visualization of
esophageal erosions or ulceration correlates with histopathological esophagitis, but the severity of endoscopic
and histopathological changes may not correlate since
the lesion can be patchy and biopsies sample only a small
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portion of the mucosal surface. Endoscopic grading systems for the severity of erosive esophagitis, such as the
Los Angeles criteria (52), have not yet been validated in
pediatric patients but may provide more uniform definitions of severity, if applied. Other findings, such as the
presence of vertical lines (53) also correlate with histopathological esophagitis in children. Because there is a
poor correlation between endoscopic appearance and histopathology, esophageal biopsy is recommended when
diagnostic endoscopy is performed.
In normal infants and children, eosinophils and neutrophils are not present in the esophageal epithelium
(40,54). Basal zone hyperplasia (>20% to 25% of total
epithelial thickness) and increased papillary length
(>50% to 75% of epithelial thickness) have been found
to correlate with increased acid exposure (40,55). The
available pediatric data suggest that intraepithelial eosinophils or neutrophils as well as morphometric measures of basal cell layer thickness and papillary height
are valid indicators of reflux esophagitis. It has been
proposed that a high number of eosinophils in the esophageal epithelium (>7 to 24 per high power field) suggest
the diagnosis of eosinophilic esophagitis (56,57).
3.5 Scintigraphy
A nuclear scintiscan is performed by the oral ingestion
or instillation of technetium-labeled formula or food into
the stomach. The areas of interest, the stomach, esophagus and lungs, are scanned for evidence of GER and
aspiration. Unlike esophageal pH monitoring, the nuclear
scan can demonstrate reflux of non-acidic gastric contents. Scintigraphy also provides information about gastric emptying, which may be delayed in children with
GERD (58–60). However, a lack of standardized techniques and the absence of age-specific normative data
limit the value of this test. Episodes of aspiration may be
detected during a one-hour study or on images obtained
up to 24 hours after the feeding is administered (61). A
negative test does not exclude the possibility of infrequently occurring aspiration (62).
The reported sensitivity and specificity of the nuclear
scan for the diagnosis of GER are 15% to 59% and 83%
to 100%, respectively, when compared to esophageal pH
monitoring (19,63–65). This lack of correlation most
likely reflects the difference in techniques of the two
tests. Scintigraphy measures both acid and non-acid reflux in the initial postprandial period, whereas esophageal pH monitoring measures acid reflux for prolonged
periods up to 24 hours and protocols used for analysis
often exclude the postprandial recording times (64,66).
The role of nuclear scintigraphy in the diagnosis and
management of GERD in infants and children is unclear.
3.6 Empiric Therapy
A trial of time-limited medical therapy for GER is
useful for determining if GER is causing a specific
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symptom. Empiric therapy is widely used (67) but has
not been validated for any symptom presentation in pediatric patients. Empiric treatment trials with omeprazole
have been reported for cough (68,69), heartburn (70,71),
non-cardiac chest pain (72) and dyspepsia (73) in adult
patients.
4. Treatment Options
Treatment options are classified as lifestyle changes
and pharmacological or surgical therapies. Lifestyle
changes for infants include alterations in formula composition and sleep positioning. Lifestyle changes in adolescents include dietary modifications, altered sleep position, weight reduction and smoking cessation (74).
Medications buffer gastric acid, reduce gastric acid secretion or alter gastrointestinal motility. Surgical therapy
includes operative techniques that reduce or eliminate
GER.
4.1 Lifestyle Changes
4.1.1 Feeding Changes in Infants. In most infants,
symptoms of GER do not decrease when there is a
change from one milk formula to another. However, a
subset of infants with vomiting has cow’s milk protein
allergy (75). In these infants, elimination of cow’s milk
protein from the diet resulted in decreased vomiting
within 24 hours. Two successive, blind challenges corroborated the diagnosis of cow’s milk protein allergyinduced vomiting in infants (76,77). A similar study
found that IgG anti-ß-lactoglobulin, a major antigenic
determinant in cow’s milk, was present in infants allergic
to cow’s milk protein with symptom reduction following
the elimination of cow’s milk (78,79). There is, therefore, evidence to support a one to two week trial of a
hypoallergenic formula in formula fed infants with vomiting. There are no studies that evaluate the therapeutic
value of a soy-protein formula for this indication, nor are
there studies that evaluate whether sensitization to soy
proteins causes vomiting. Similarly, there are no studies
that examine whether sensitization to maternal dietary
proteins passed into human breast milk leads to vomiting
in breast fed infants. The role of breast feeding versus
formula feeding in the treatment of GERD is uncertain.
One study (80) measured esophageal acidification in
breast-fed and formula-fed healthy term neonates aged 2
to 8 days during various sleep states. During active sleep,
but not other sleep states, formula fed infants had an
increased number of reflux episodes and increased
esophageal acid exposure compared to breast fed infants.
Milk-thickening agents do not improve reflux index
scores (81,82) but do decrease the number of episodes of
vomiting (81–83). In the United States of America
(USA), thickening is usually achieved with the addition
of rice cereal to formula (83). When thickening an infant
formula with a caloric density of 20 kcal per ounce, the
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001
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addition of one tablespoonful of rice cereal per ounce of
formula increases the caloric density to approximately 34
kcal per ounce, whereas the addition of one tablespoonful of rice cereal per two ounces of formula increases the
caloric density to approximately 27 kcal per ounce.
When formula is thickened it is necessary to cross-cut
the nipple to allow for adequate flow. Thickened formula
may increase coughing during feedings (84). Newer formulas that contain carob flour or locust bean gum as
thickening agents are now available in Europe. These
formulas have been reported to decrease vomiting and
esophageal acid exposure when compared with unthickened formula (85) and formula thickened with rice cereal
(86). A formula with added rice starch is now available
in the USA and Canada but there are no published studies regarding its efficacy for the treatment of GERD in
infants.
Infants who are underweight due to GERD may gain
weight when the caloric density of their feedings is increased. Some infants require more aggressive intervention such as overnight nasogastric tube feeding to promote weight gain (87). Rarely, patients require nasojejunal tube feeding to promote growth and prevent
vomiting or aspiration. Although these approaches to
therapy of GERD are widely utilized, there are no controlled studies comparing these treatment approaches to
pharmacological or surgical treatments.
4.1.2 Positioning Therapy for Infants. Esophageal
pH monitoring has demonstrated that infants have significantly less GER when placed in the prone position
than in the supine position. In a study of 79 infants and
children (11.6 ± 27 months old) with symptomatic GER,
the reflux index during sleep was 24% in the supine
position and 8% in the prone position (88). In a study of
60 asymptomatic newborns (1 to 10 days old) kept in one
position for 17 hours, the reflux index was 5% when
supine and 1% when prone (89). In a randomized crossover design study of 24 infants <5 months of age, each
infant was evaluated in each of four positions (prone,
supine, left, right) in both horizontal and 30 degree upright positions. The reflux index was significantly higher
in the supine (15%) than in the prone (7%) position (90).
There is conflicting evidence whether there is less reflux
in infants placed prone at a 30-degree angle compared to
prone flat (88–91). The amount of reflux is similar in the
supine 30-degree angle and in the supine flat positions
(88,90). The prone position is superior to semi-supine
positioning in an infant seat, which exacerbates GER
(92).
One sudy of 60 asymptomatic newborns showed similar reflux in the left, right and supine positions, which
was more reflux than in the prone position (89). In contrast, in a study of 24 infants <5 months old, the left side
position was similar to the prone position and led to less
reflux than the right side and supine positions (90). In
adults reflux occurs less often in the left lateral decubitus
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001

(left side down) than in the right lateral decubitus (right
side down) position (93,94).
Prone positioning has been recommended for the treatment and prevention of GER in infants. However, this
advice conflicts with the recent recognition that prone
positioning is associated with a higher rate of the sudden
infant death syndrome (SIDS). The Nordic epidemiological SIDS study demonstrated that the odds ratio of SIDS
mortality was 13.9 for the prone position and 3.5 for the
side position when compared to the supine position (95).
Another study demonstrated that the SIDS mortality per
1000 live births was 4.4 in the prone position and <0.1
for the non-prone position (96). In California the SIDS
rate declined from 1.2 to 0.7 per 1000 live births after a
public health campaign to promote back sleeping (97).
Evidence suggests that universal use of the supine position would likely markedly reduce SIDS (98). The side
position appears to be unstable, because infants turn during sleep from side to prone. Prone sleeping results in
longer uninterrupted sleep periods, and supine sleeping
in more arousability, frequent awakening and crying during the night.
In view of the recent evidence describing the successful prevention of SIDS with supine positioning, it is now
appropriate to modify the earlier advocacy of prone positioning for GERD. In infants from birth to 12 months
with GERD, the risk of SIDS generally outweighs the
potential benefits of prone sleeping. Therefore, consistent with the new recommendations of the American
Academy of Pediatrics, non-prone positioning during
sleep is recommended (99). Supine positioning confers
the lowest risk for SIDS and is preferred. Prone positioning is acceptable while the infant is awake, particularly in the postprandial period. Prone positioning during
sleep is only considered in unusual cases where the risk
of death from complications of GER outweighs the potential increased risk of SIDS. When prone positioning is
necessary, it is particularly important that parents be advised not to use soft bedding, which increases the risk of
SIDS in infants placed prone (odds ratio 1.7) (100,101).
The efficacy of positioning therapy in children older
than one year has not been studied. It is likely that there
is a benefit to left side positioning and elevation of the
head of the bed, as in adults (102–104).
4.1.3 Lifestyle Changes in Children and
Adolescents. Lifestyle changes are often recommended
to adults with gastroesophageal reflux. These include dietary modification, avoidance of alcohol, weight loss,
and cessation of smoking. Most of the studies investigating these factors have been performed in adults; thus,
their applicability to children remains indeterminate. A
review of the pediatric and adult literature may be summarized as follows. The current evidence does not support a recommendation to decrease fat intake to treat
GER (105–112). However, the limited evidence available supports the recommendation that children and adolescents with GERD avoid caffeine, chocolate and spicy
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foods that provoke symptoms (113–124). Similarly there
is evidence that obesity, exposure to tobacco smoke and
alcohol are associated with GER (125–148). It is not
known whether lifestyle changes have an additive benefit
in patients receiving pharmacological therapy.
4.2 Pharmacological Therapies
The purpose of the two major pharmacological treatments for GERD, acid suppressants and prokinetic
agents, is to reduce the amount of acid refluxate to which
the esophagus or respiratory tract is exposed, thereby
preventing symptoms and promoting healing. The aim of
acid suppressants is to reduce esophageal acid exposure
by either neutralizing gastric acid or decreasing secretion. The aim of prokinetic agents is to reduce the
amount of refluxate by improving contractility of the
body of the esophagus, increasing pressure in the lower
esophageal sphincter, decreasing the frequency of transient lower esophageal sphincter relaxations and accelerating gastric emptying.
Studies of pharmacological therapies for the treatment
of GERD in children are difficult to compare because of
heterogeneous patient populations, variable drug doses
and duration of therapy, and a lack of standard outcome
variables. The majority of studies published to date have
used two outcome assessments: symptom responses and
change in results of esophageal pH monitoring. Many
studies are confounded by multiple treatments including
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lifestyle changes and other drugs. For purposes of this
guideline, double blind single drug studies or randomized comparison studies of pharmacological therapies
were reviewed. When no such studies were available,
other studies were considered. Recommended drug doses
and the common adverse effects of these medications are
listed in Table 2.
4.2.1 Acid Suppressants. Acid suppressants act to decrease esophageal acid exposure by reducing the quantity
of gastric acid. The antisecretory agents, histamine-2 receptor antagonists (H2RAs) and proton pump inhibitors
(PPIs), reduce the secretion of gastric acid, whereas antacids neutralize gastric acid. Because of their superior
efficacy and convenience, antisecretory agents have
largely superceded antacids and surface agents in the
treatment of GERD. Generally PPIs produce a greater
reduction in acid secretion and have a longer duration of
action than H2RAs.
4.2.1.1 Histamine-2 Receptor Antagonists. H2RAs act
to decrease acid secretion by inhibiting the histamine-2
receptor on the gastric parietal cell. In one study in infants ranitidine treatment, 2 mg per kg per dose BID,
reduced by 44% the duration that gastric pH was <4, and
with TID dosing the reduction was 90% (149). Ranitidine 5 mg/kg per dose orally has been shown to increase
gastric pH for 9 to 10 hours in infants (150). Tolerance to
intravenous ranitidine and escape from its acid inhibitory
effect within six weeks has been observed (151).
Numerous randomized controlled trials in adults have
demonstrated that cimetidine, ranitidine and famotidine

TABLE 2. Drugs demonstrated to be effective in gastroesophageal reflux disease
Type of medication

Recommended oral dosage

Histamine2 receptor antagonists
Cimetidine
40mg/kg/day divided TID or QID (adult
dose: 800–1200 mg/dose BID or TID)
Nizatidine
Ranitidine
Famotidine

10 mg/kg/day divided BID. (adult dose:
150 mg BID or 300 mg qhs)
5 to 10 mg/kg/day divided TID (Adult
dose: 300mg BID)

1 mg/kg/day divided BID (adult dose: 20
mg BID)
Proton pump inhibitors
Omeprazole
1.0 mg/kg/day divided qd or BID (adult
dose 20 mg qd)
Lanzoprazole
No pediatric dose available (adult dose:
15–30 mg qd)
Pantoprazole
No pediatric dose available. (adult dose:
40 mg qd)
Rabeprazole
No pediatric dose available (adult dose:
20 mg qd)
Prokinetic
Cisapride
0.8 mg/kg/day divided QID. (adult dose:
10–20 mg QID)

Adverse effects/precautions
rash, bradycardia, dizziness, nausea, vomiting, hypotension, gynecomastia,
reduces hepatic metabolism of theophylline and other medications,
neutropenia, thrombocytopenia, agranulocytosis, doses should be decreased
with renal insufficiency
headaches, dizziness, constipation, diarrhea, nausea, anemia, urticaria, doses
should be decreased with renal insufficiency
headache, dizziness, fatigue, irritability, rash, constipation, diarrhea,
thrombocytopenia, elevated transaminases, doses should be decreased with
renal insufficiency
headaches, dizziness, constipation, diarrhea, nausea, doses should be decreased
with renal insufficiency
headache, diarrhea, abdominal pain, nausea, rash, constipation, vitamin B12
deficiency
headache, diarrhea, abdominal pain, nausea, elevated transaminase,
proteinuria, angina, hypotension
headache, diarrhea, abdominal pain, nausea
headache, diarrhea, abdominal pain, nausea
rare cases of serious cardiac arrhythmia (FDA recommends ECG before
administration)
beware of drug interactions
do not use in patients with liver, cardiac or electrolyte abnormalities (FDA
recommends K+, Ca++, Mg++ and creatinine before administration)
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are superior to placebo for relief of symptoms and healing of esophageal mucosa (152–154). However, the efficacy of H2RAs is much greater for mild esophagitis
than for severe esophagitis (155). One randomized placebo-controlled trial in infants and children with erosive
esophagitis demonstrated the efficacy of H2RA therapy
(156) in 32 children who received either cimetidine 30–
40 mg/kg per day or placebo. The cimetidine treated
group had significant improvement in clinical and histopathology scores, but there was no improvement in the
placebo group. Another randomized placebo controlled
study in 24 children with mild to moderate esophagitis
demonstrated that nizatidine 10 mg/kg per day was more
effective than placebo for the healing of esophagitis and
symptom relief (157). There are case series that provide
additional support for the efficacy of H2RAs in infants
and children (158–161). Although no randomized controlled studies in children demonstrate the efficacy of
ranitidine or famotidine for the treatment of esophagitis,
expert opinion is that these agents appear to be as effective as cimetidine and nizatidine.
4.2.1.2 Proton Pump Inhibitors. Proton pump inhibitors (PPIs), the most effective acid suppressant medications, covalently bond and deactivate the H+, K+
–ATPase pumps (162). To be activated PPIs require acid
in the parietal cell canaliculus, and they are most effective when the parietal cell is stimulated by a meal following a fast (162). Optimal effectiveness is achieved
when the PPI is administered one–half hour before
breakfast so that peak plasma concentrations coincide
with the mealtime. If given twice daily, the second dose
is best administered one–half hour before the evening
meal. Concomittant administration of H2RAs can inhibit
efficacy. A steady state of acid suppression is not
achieved for several days. There are limited data on the
pharmacology of PPIs in infants and children. In one
study, doses of omeprazole of 10 to 60 mg (0.7 to 3.3
mg/kg) daily were required to normalize esophageal pH
monitoring, and a starting dose of 0.7 mg/kg per day was
recommended (47). In other case series reporting successful omeprazole treatment of esophagitis, doses of 0.5
or 0.6 mg/kg daily were administered for 6 to 13 weeks
(163–166).
Numerous randomized controlled trials in adults have
demonstrated that PPIs are superior to H2RAs in relieving symptoms and healing esophagitis (152). PPIs are
effective in patients with esophagitis refractory to high–
dose H2RA therapy (167,168), and are more effective
than H2RAs in maintaining remission of erosive esophagitis (169). There are currently no reported placebo controlled trials of PPIs in infants or children. However, one
randomized controlled trial of 25 infants and children
with reflux esophagitis found comparable effectiveness
of omeprazole (40 mg per 1.73 m2 surface area) and very
high dose ranitidine (20 mg/kg/day) in reducing symptoms and improving histopathology and esophageal pH
monitoring (170). In addition, in multiple case series of
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001

pediatric patients refractory to previous treatment regimens including H2RAs, omeprazole appeared to be
highly effective in the treatment of severe esophagitis,
resulting in both symptomatic and endoscopic improvement while on treatment (47,163–166). Other proton
pump inhibitors, lansoprazole, pantoprazole and rabeprazole, have been introduced recently but studies of their
efficacy in infants and children have not yet been reported. Esophageal pH monitoring can be performed to
assess the adequacy of the dosage but target values for
either esophageal acid exposure or gastric pH that assure
therapeutic efficacy are not known. Long term safety
studies in adults treated with omeprazole for a mean of
6.5 years (range 1.4 to 11.2 years) show omeprazole is
highly effective and safe for the control of reflux esophagitis in adults (171). Despite omeprazole therapy, 12%
of the patients who did not have Barrett’s esophagus at
baseline developed Barrett’s metaplasia during follow–
up. Similar studies of the efficacy and safety of long term
treatment have not been performed in pediatric patients.
One approach to acid reducing therapy, called step-up
therapy, is to begin treatment with an H2RA at standard
dosage, following with a PPI at standard dosage and then
a PPI at higher dosage if necessary to achieve improvement (47). An alternative approach, called step-down
therapy, is to begin treatment with a PPI at higher dosage
to achieve improvement, following with a PPI at standard dosage and then an H2RA to maintain improvement.
Studies in adults indicate that the step-down approach
may be more cost effective (171) and has been recommended in a recently published evidence-based guideline
for adult patients (172), but there are no published studies comparing these two strategies in children.
The current evidence supports the recommendation to
use antisecretory therapy for the treatment of reflux
esophagitis. The effectiveness of acid reducing therapy
for other manifestations of GERD is not well documented in children. However, since these agents reduce
esophageal acid exposure they are likely to be a useful
treatment of GER-related respiratory disorders (see sections 5.5 to 5.9).
4.2.1.3 Antacids. The aim of antacids, which act by
neutralizing gastric acid, is to reduce esophageal acid
exposure and thereby reduce symptoms of heartburn, alleviate esophagitis and prevent acid-triggered respiratory
symptoms. Intensive high-dose antacid therapy (magnesium hydroxide and aluminum hydroxide; 700
mmol/1.73 m2/day) has been shown to be as effective as
cimetidine for the treatment of peptic esophagitis in children aged 2 to 42 months (173,174). However, treatment
with aluminum-containing antacids significantly increases plasma aluminum levels in infants (175,176).
Plasma aluminum levels measured in infants receiving
these agents approach levels previously noted to cause
osteopenia, microcytic anemia, and neurotoxicity in pediatric patients (177–179). There are no published studies evaluating the efficacy or safety of commercially
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available antacids containing either magnesium hydroxide alone or calcium carbonate. Antacid therapy is commonly used for the short-term relief of intermittent
symptoms of GER in children and adolescents. Although
there appears to be little risk to this approach, it has not
been formally studied. Because more convenient and
safe alternatives are available, chronic antacid therapy is
generally not recommended.
4.2.2 Prokinetic Therapy. Transient lower esophageal sphincter relaxations, which are prolonged relaxations
unaccompanied by a swallow, are considered the most
important pathophysiological mechanism of GER. Other
mechanisms are free reflux and strain-induced reflux,
when abdominal pressure exceeds the pressure of the
lower esophageal sphincter. Although prokinetic agents
appear to increase lower esophageal sphincter pressure, a
number of studies have failed to demonstrate that prokinetic agents reduce the frequency of episodes of acid
reflux, suggesting that they do not reduce the frequency
of transient relaxations of the lower esophageal sphincter. The rationale for prokinetic therapy in the treatment
of GERD is based on evidence it enhances esophageal
peristalsis and accelerates gastric emptying.
Since regurgitation and vomiting are common symptoms in infants and children with reflux, even in the
absence of erosive esophagitis, prokinetic agents may
have a special role in the treatment of GER in infants and
children with conditions where acid suppressants are unlikely to be helpful. Double blind single drug studies and
randomized comparison studies of cisapride, metoclopramide, bethanecol and domperidone have been performed in infants and children with GER. Cisapride appears to be a marginally effective prokinetic agent for the
treatment of GERD, whereas the effectiveness in children of other prokinetic agents is unproven.
Cisapride is a mixed serotonergic agent that facilitates
the release of acetylcholine at synapses of the myenteric
plexus. Six randomized controlled trials of cisapride
therapy in infants less than two years of age have demonstrated improvement in symptoms or esophageal pH
monitoring or both when compared to placebo (180–
185). Modest improvement in clinical symptoms, with a
reduction in the frequency and volume of vomiting, has
been reported in four of five studies where duration of
therapy was at least four weeks (180–182,184,186). Improvement occurred more often in infants who regurgitated or vomited after every meal or more than six times
daily (182,184,186). One study reported complete resolution of vomiting in less than 20 percent of treated infants (182). In all studies a significant percentage of patients receiving placebo also improved, and in one study
vomiting resolved in 14 percent of placebo-treated patients (182).
Randomized controlled trials using prolonged esophageal pH monitoring have demonstrated that cisapride
therapy is superior to placebo in reducing esophageal
acid exposure and enhancing esophageal acid clearance
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following reflux. All studies reported statistically significant improvement compared to baseline measurements
of one or more of the following parameters: reflux index
(percentage of the time that esophageal pH was less than
4), mean duration of reflux episodes, and number of
episodes longer than 5 minutes (180–187). Cisapride improved symptom scores, esophageal histopathology, and
pulmonary function in patients with reflux esophagitis
and respiratory complications (50,180,181). This may be
due to reduced esophageal acid exposure and enhanced
esophageal acid clearance.
Metoclopramide is an antidopaminergic agent with
cholinomimetic and mixed serotonergic effects. In adults
the effects of metoclopramide on esophageal motility
and clinical efficacy have been equivocal (188) and the
addition of metoclopramide to ranitidine therapy for
treatment of GERD resulted in no better efficacy and
increased the number of adverse events (189). Four randomized controlled studies of at least two weeks duration
on the efficacy of metoclopramide in the treatment of
GER in children have been reported. Two of four studies
reported a decrease in the frequency and volume of vomiting (190,191), whereas in two other studies metoclopramide was no better or worse than placebo (192,193).
The reported effects on esophageal pH monitoring of
acute and steady-state dosing of metoclopramide have
also been contradictory, with both positive (187,194,195)
and negative results (192,193,196). Adverse effects of
metoclopramide, which are not uncommon, include central nervous system complications such as parkinsonian
reactions and tardive dyskinesia, which may be irreversible (197).
Bethanechol, a direct cholinergic agonist, has been
studied in two controlled trials of 6 weeks duration. In
one study bethanechol was superior to placebo in reducing the frequency and volume of vomiting, but prolonged
esophageal pH monitoring was not performed (198). The
other study, which compared bethanechol to antacids,
found no difference between the two treatments in clinical outcome or esophageal pH monitoring (199). Of three
reports regarding domperidone therapy, one study found
improvement in both clinical symptoms and pH score
following two weeks of therapy (191), while two studies
reported no improvement in either outcome measure following four and eight weeks of therapy (200,201).
In conclusion, there is evidence to support the use of
cisapride when a prokinetic is indicated for the treatment
of GERD in infants and children. However, because of
concerns about the potential for serious cardiac arrhythmias in patients receiving cisapride, appropriate patient
selection and monitoring as well as proper use, including
correct dosage and avoidance of co-administration of
contraindicated medications, are important (202). Despite these concerns, the use of cisapride can be considered for the treatment of selected infants with vomiting
and poor weight gain, ALTE or asthma who have failed
lifestyle and antisecretory therapy. In some children over
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001
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2 years of age with asthma or with recurrent vomiting
that is adversely affecting lifestyle cisapride therapy may
also be considered. Cisapride recently was withdrawn
from the USA market due to these safety concerns and
therefore in order to receive cisapride patients must be
enrolled in a limited access protocol that requires repeated venipuncture and electrocardiograms, making the
use of cisapride a less practical option. There is insufficient evidence that other prokinetic agents are effective
in the treatment of GERD in infants and children.
4.2.3 Surface Agents. Sodium alginate forms a surface gel that decreases the regurgitation of gastric contents into the esophagus and protects the esophageal mucosa. Randomized comparison studies have demonstrated conflicting outcomes for both symptoms
(203,204) and esophageal pH monitoring (205,206). The
formulation utilized for most published studies is not
available in the USA.
Sucralfate gel acts by adhering to peptic lesions, and
protects the esophageal mucosal surface. In adults sucralfate (1 g po QID) decreases symptoms and promotes
healing in patients with non-erosive esophagitis (207).
The only randomized comparison study in children demonstrated that sucralfate is as effective as cimetidine for
treatment of esophagitis (208). Sucralfate is an aluminum
complex, and the potential adverse effects of aluminum
in infants and children need to be considered. The available data are inadequate for determining the safety or
efficacy of sucralfate in the treatment of GERD in children.
4.3 Surgical Treatment for GERD
Surgery is often considered for the child with GERD
who has persistence of symptoms following medical
management or who is unable to be weaned from medical therapy. The Nissen fundoplication is the most popular of the many surgical procedures that have been used.
Recently experience with laparoscopic procedures has
been reported. Results and complication rates do not appear to vary by procedure.
The literature concerning surgical treatment of GERD
in children consists of a large number of descriptive papers composed of case series (209–221). The methodology for patient selection and outcome was not always
well defined. Patients usually had surgery for failed
medical management. There are no published randomized controlled trials. Because most series extended over
many years, medical management in earlier patients was
often limited to life style changes such as positional
therapy and thickened feedings. Some patients received
H2RAs but few if any patients received PPIs. Most did
not receive a prokinetic agent and those that did often
received metoclopramide. Thus many of the patients did
not receive optimal medical therapy by today’s standards. Outcome measures were often vague or unspeciJ Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001

fied. The groups were heterogeneous without adjustment
for co-morbid conditions. Many (if not most) of the surgically treated patients were neurologically impaired. A
variety of surgical procedures were used. The addition of
a pyloroplasty was variable. The outcome was sometimes defined by symptoms and at other times by postoperative tests.
Success rates (complete relief of symptoms) from 57%
to 92% have been reported. Mortality related to operation
in large series has ranged from 0% to 4.7%. Unrelated
death rates from co-morbid conditions were 0% to 21%.
The reported overall complication rates have varied between 2.2% and 45%. The most commonly reported
complications include breakdown of the wrap (0.9% to
13%), small bowel obstruction (1.3% to 11%), gas bloat
syndrome (1.9% to 8%), infection (1.2% to 9%), atelectasis or pneumonia (4.3% to 13%), perforation (2% to
4.3%), persistent esophageal stricture (1.4% to 9%) and
esophageal obstruction (1.4% to 9%). Other complications not reported in enough detail to estimate complication rates include dumping syndrome (222,223), incisional hernia and gastroparesis. Reoperation rates were
3% to 18.9%. The results of pediatric series of laparoscopic fundoplications suggest that the results and complication rates are similar to those of the open procedure,
but hospitalization is shortened (224,225).
These case series indicate overall favorable outcomes.
The potential risks, benefits and costs of successful prolonged medical therapy versus surgical therapy have not
been well-studied in infants or children with various
symptom presentations. If chronic esophagitis is the primary indication for possible GERD surgery, an upper
endoscopy with biopsy and prolonged esophageal pH
monitoring study is recommended to demonstrate conclusively that esophagitis is due to GER, rather than
other etiologies, such as eosinophilic esophagitis. If airway symptoms are the primary indication for surgery,
review of diagnostic studies including radiographic studies, bronchoalveolar lavage, esophageal pH monitoring
studies and swallowing studies may all impact on the
decision to proceed with surgery, which may be beneficial in some patients even when esophageal pH monitoring is normal (226).
5. Evaluation and Management of Infants and
Children with Suspected GERD
The approach to evaluation and management of infants and children with GERD depends upon the presenting symptoms or signs. The following sections discuss
the evidence that supports a relationship between a particular clinical disorder and GER in pediatric patients.
The approach to determining if GER is causing disease
in a patient and the management of pediatric patients
with specific symptom presentations is then reviewed.
Recommendations are based upon the available evidence
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and the consensus opinion of the GER Guidelines Guideline Committee.
5.1 Recurrent Vomiting
The diagnostic challenge for the practitioner is to distinguish between vomiting due to GER and vomiting
caused by other disorders. Numerous disorders can present with recurrent vomiting that mimics GERD (see
Table 3). Laboratory and radiographic investigation may
be necessary to exclude other causes of vomiting. The
infant with recurrent vomiting is discussed separately
from the older child with recurrent vomiting.
5.1.1 The Infant with Recurrent Vomiting. In the
infant with recurrent vomiting, a thorough history and
physical examination (Table 4), with attention to warning signals that suggest other diagnosis (Table 5), is generally sufficient to allow the clinician to establish a diagnosis of uncomplicated GER (Figure 1). An upper GI
series or other diagnostic test is not required unless gastrointestinal obstruction is suspected. Other diagnostic
tests may be indicated if there are symptoms of poor
weight gain, excessive crying, irritability, disturbed
sleep, feeding or respiratory problems.
5.1.2 The Infant with Uncomplicated GER
(Figure 1). The classical presentation of uncomplicated
GER in infants is effortless, painless vomiting in a well
appearing child with normal growth, often referred to as
the “happy spitter‘. Generally, only parental education,
reassurance and anticipatory guidance are necessary for
management of the infant who has uncomplicated GER.
Parents are advised about potential complications, including poor weight gain, excessive crying, and feeding
or respiratory problems. Some infants with cow milk
allergy have symptoms that are indistinguishable from
GER. Therefore, a one to two week trial of a hypoallergenic formula may be reasonable (section 4.1.1). Thickening of formula may also be considered as an option for
therapy. Continuation of supine positioning is recommended. There is no evidence that pharmacological
therapy affects the natural history of uncomplicated GER
in infants.
Recurrent vomiting due to GER generally decreases in
frequency over the first year of life and resolves by 12
months of age (8). If symptoms worsen or do not improve by 18 to 24 months of age, further evaluation is
recommended, including an upper GI series and consultation with a pediatric gastroenterologist is recommended (see section 5.1.5).
5.1.3 The Infant with Recurrent Vomiting and
Poor Weight Gain (Figure 2). The infant with recurrent
vomiting and poor weight gain is a distinct clinical entity
that is not to be confused with the happy spitter. While
the history and physical examination, as well as the detection of warning signals, is identical to that described
for the infant with recurrent vomiting (section 5.1.1), the
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TABLE 3. Differential diagnosis of vomiting in infants
and children
Gastrointestinal obstruction
pyloric stenosis
malrotation with intermittent volvulus
intermittent intussusception
intestinal duplication
Hirschsprung disease
antral/duodenal web
foreign body
incarcerated hernia
Gastrointestinal disorders
achalasia
gastroparesis
gastroenteritis
peptic ulcer disease
gastroesophageal reflux
eosinophilic esophagitis/ gastroenteritis
food allergy or intolerance
inflammatory bowel disease
pancreatitis
appendicitis
Neurologic
hydrocephalus
subdural hematoma
intracranial hemorrhage
mass lesion
Infectious
sepsis
meningitis
urinary tract infection
pneumonia
otitis media
hepatitis
Metabolic/endocrine
galactosemia
hereditary fructose intolerance
urea cycle defects
amino and organic acidemias
congenital adrenal hyperplasia
maple syrup urine disease
Renal
obstructive uropathy
renal insufficiency
Toxic
lead
iron
Vitamin A or D
medications (ipecac, digoxin, theophylline, etc.)
Cardiac
congestive heart failure

finding of growth failure is a crucial factor that alters
clinical management. No well-controlled studies of diagnostic or therapeutic strategies for these infants are
available, and the following approach is based on expert
opinion. Other causes of poor weight gain are first considered. It is recommended that the adequacy of calories
being offered and ingested be assessed, by careful evaluation of the dietary history, approach to formula preparation and effectiveness of swallowing. If problems are
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001
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TABLE 4. History in the child with suspected
gastroesophageal reflux disease

Feeding history
Amount/frequency (overfeeding)
Type (preparation errors)
Changes
Position/burping
Behavior during feedings
choking, gagging, coughing, arching
discomfort, feeding refusal
Pattern of vomiting
Frequency/amount
Painful
Forceful
Hematemesis
Association with fever, lethargy, diarrhea
Past medical history
Prematurity
Growth and development ( MR/CP/Dev Delay)
Surgery
Hospitalization
Newborn screen (galactosemia, maple sugar urine disease,
congenital adrenal hyperplasia)
Recurrent illness (croup/stridor, pneumonia, wheeze, hoarseness,
excessive fussiness/crying, hiccups)
Apnea
Inadequate weight gain
Psycho-social history
Stress
Family history
Significant Illness
GI (familial pattern to obstructive disorders, celiac)
Other (metabolic, allergy)
Growth chart
Length, weight
Head circumference
Warning signs (see Table 5)

identified, these are addressed such that adequate caloric
intake is assured. Parents may need to be instructed to
not limit formula intake. If problems are identified and
ameliorated, close follow-up will determine if further
TABLE 5. Warning signals in the vomiting infant
Bilious vomiting
GI bleeding: hematemesis, hematochezia
Forceful vomiting
Onset of vomiting after 6 months of life
Failure to thrive
Diarrhea
Constipation
Fever
Lethargy
Hepatosplenomegaly
Bulging fontanelle
Macro/microcephaly
Seizures
Abdominal tenderness, distention
Genetic disorders (eg: Trisomy 21)
Other chronic disorders (eg: HIV)
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FIG. 1. An algorithm for the management of an infant with uncomplicated GER (the “happy spitter”). (Pediatric GI = pediatric
gastroenterologist; EGD = esophagogastroduodenoscopy; UGI =
upper gastrointestinal series radiography).

evaluation is indicated. See section 5.4 regarding the
infant who is unable or refuses to ingest formula.
If an infant with vomiting is not gaining weight despite ingesting adequate calories then further diagnostic
evaluation is necessary. Tests to uncover other causes of
vomiting (such as a complete blood count, electrolytes,
bicarbonate, urea nitrogen, creatinine, alanine aminotransferase, ammonia, glucose, urinalysis, urine ketones
and reducing substances, and review of newborn screening for galactosemia and maple sugar urine disease) are
considered. An upper GI series to evaluate anatomy is
also recommended.
When no abnormalities are found, management options include medical therapy, observation in the hospital
and endoscopy with biopsy. Initial medical therapeutic
options include thickening of the formula, a trial of a
hypoallergenic formula, acid suppression therapy, prokinetic therapy and consideration of prone positioning.
Hospitalization to observe the parent-child interaction
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FIG. 2. An algorithm for the management of an infant with vomiting and poor weight gain. (CBC = complete blood count; BUN =
blood urea nitrogen; NG = nasogastric; NJ = nasojejunal).

and to optimize medical management may be indicated
in more severe cases. Endoscopy with biopsy may be
useful to determine if esophagitis is present and to delineate other causes of vomiting or poor weight gain.
Other options to improve caloric intake in the infant with
vomiting include increasing the caloric density of the
formula, and nasogastric or transpyloric tube feedings
(87). Rarely surgical therapy may be indicated. Careful
follow-up is necessary to assure adequate weight gain
(85). If weight gain is sustained, the patient can be expected to have decreasing requirements for interventions
as the amount of vomiting and regurgitation decrease
with age.
5.1.4 The Infant with Recurrent Vomiting and
Irritability. Vomiting, irritability and disturbed sleep in
a child less than one year of age may be due to GERD.
These non-specific symptoms also occur in normal infants and are associated with a wide range of conditions.
Although crying is a quantifiable measure of irritability,
normal infants typically fuss or cry intermittently for an
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average of two hours daily. Substantial individual variation occurs; some infants cry as much as six hours per
day. The duration of crying typically peaks at six weeks
of age (227). One parent may consider crying to be normal while another would describe the same behavior as
extreme irritability. Similarly, the sleeping patterns of
infants show individual and maturational variation as
does the parental perceptions of normal infant sleep patterns (228).
Evidence supporting the theory that reflux causes
esophageal pain and hence irritability or sleep disturbance in infancy is largely extrapolated from studies in
adults (45,229,230). Very few pediatric studies address
this issue. Using simultaneous video and esophageal pH
monitoring, one study (46) showed an association between grimacing and reflux episodes. However, another
pediatric study showed no correlation between excessive
crying and esophagitis (18) and another noted no increase in irritability or back arching in infants with
pathologic reflux (231). In two small studies, an association between excessive irritability and sleep disturbance
in infants with abnormal pH probe studies was observed.
One study found more nighttime waking, delayed onset
of sleeping and greater daytime sleeping in infants with
GER as compared to population norms but not when
compared to a control group of infants with normal pH
probe findings (232). Another study demonstrated no increase in sleep disturbances in those infants with pathologic reflux (231). One study of five infants with colic
and esophagitis showed that treatment with cimetidine
decreased crying from 3.7 to 1.2 hours after a week of
treatment, which was significantly different from 13 children with colic who did not have esophagitis and who
were not treated (233).
No studies address the best approach to evaluation of
infants with vomiting and irritability or disturbed sleep.
As in all infants with vomiting, other causes of vomiting
need to be excluded (section 5.1.1 and Table 3). A symptom diary (234) may be useful to determine the extent to
which the infant is irritable and has disturbed sleep. In
addition, it is important to assure that the infant is receiving adequate feedings, since hunger may also result
in irritability. Expert opinion suggests two diagnostic and
treatment strategies, neither of which has been validated.
The first approach is to empirically treat potential etiologies, beginning with a simultaneous or sequential twoweek trial of a hypoallergenic formula and/or acid suppression (Section 5.1). If neither therapy succeeds in reducing symptoms, either esophageal pH monitoring to
determine the adequacy of acid suppression (see section
3.3) or upper endoscopy with biopsy to diagnose esophagitis (see section 3.4) may be performed. If these studies
are normal, and no response to empiric therapy has occurred, it is unlikely that GER is contributing to the
symptoms. An alternative approach is to perform esophageal pH monitoring to determine if episodes of irritability or sleep disturbance are temporally associated with
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001

S16

NORTH AMERICAN SOCIETY FOR PEDIATRIC GASTROENTEROLOGY AND NUTRITION

acid reflux by calculating a symptom index (see section
3.3). One study suggested that simultaneous video monitoring was helpful (46). Time limited therapy can be
initiated if episodes of GER provoke symptoms.
5.1.5 Management of the Child Over 2 Years of
Age with Recurrent Regurgitation or Vomiting. No
published studies describe the management of a group of
otherwise normal children who have recurrent regurgitation or vomiting after the age of 2 years. These children
usually vomit, or regurgitate and reswallow, between
once a day and once a week. The vomiting is not associated with pain or discomfort, is not posttussive, and is
non-bloody and non-bilious. Often the vomiting occurs
postprandially or with exertion. This type of vomiting
can be a nuisance or in some instances may disrupt a
child’s normal participation in childhood activities. Expert opinion suggests that in most patients an upper GI
series be performed to exclude an anatomic abnormality.
Some experts also recommend upper endoscopy with
biopsy, although in many cases there will be no abnormalities. If vomiting persists and the child remains otherwise asymptomatic, a therapeutic trial of a prokinetic
agent may be considered. If a good response to the prokinetic agent occurs, long-term therapy is an option. The
small risks must be balanced with the potential improved
quality of life in the individual and the family. In very
unusual circumstances where the vomiting does not improve with pharmacological therapy and produces serious adverse effects on the patient’s lifestyle, surgical
therapy is a consideration.
5.2 Management of the Child with Heartburn or Chest
Pain (Figure 3)
Heartburn or substernal burning pain may be caused
by GER in the presence or absence of esophagitis (235).
Other causes of chest pain include cardiac, respiratory,
musculoskeletal, medication induced or infectious etiologies. In older children and adolescents the description
and localization of esophageal pain is similar to adults,
but in younger children symptom description and localization may be atypical. Regurgitation of sour fluid into
the mouth may be present. No randomized, placebocontrolled studies evaluating the efficacy of either lifestyle or pharmacological therapy for the treatment of
heartburn in children or adolescents have been published.
Expert opinion suggests the use of management approaches similar to those described in adult patients. Initial interventions of lifestyle changes, avoidance of precipitating factors, accompanied by a two to four week
therapeutic trial of an H2RA or PPI are recommended
(172,236–238). If no improvement occurs, the child can
be referred to a pediatric gastroenterologist for upper
endoscopy with biopsy. If the child improves, therapy
can be administered for two to three months. If symptoms recur as therapy is discontinued, referral for upper
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001

FIG. 3. An algorithm for the management of a child or adolescent
with chronic heartburn. (H2RA = histamine-2 receptor antagonist;
PPI = proton pump inhibitor).

endoscopy to determine the presence and severity of
esophagitis is recommended. Because persistent symptoms of heartburn may have a substantial negative impact on a patient’s quality of life, long-term therapy can
be continued with either a PPI or H2RA to provide relief
from symptoms even in the absence of esophagitis
(70,239). Episodic meal-induced heartburn in older children may be treated with antacids or an H2RA, as in
adults (240).
5.3 The Infant or Child with Esophagitis (Figure 4)
The typical features of reflux esophagitis are described
in section 3.5. Initial treatment consists of lifestyle
changes and H2RA or PPI therapy Initialtherapy. Initial
treatment with a PPI results in a more rapid rate of symptom relief and healing compared to treatment with an
H2RA (152). If patients have previously been treated for
GERD, medical therapy can be optimized by either the
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ing long term outcomes of medical versus surgical
therapy in infants and children since the introduction of
PPIs.
5.4 The Infant with Feeding Refusal or the Child
with Dysphagia

FIG. 4. An algorithm for the continued management of a child or
adolescent with esophagitis.

addition of a PPI or a higher dose of PPI (47,241). In one
pediatric study, cisapride alone was effective for treatment of histologic esophagitis (181). However, in adults
a comparison of the efficacy of a PPI alone versus a
combination of a PPI and cisapride did not show a statistically significant difference (169).
Expert opinion suggests that in infants and children
with only histologic esophagitis, the efficacy of therapy
can be monitored by the degree of symptom relief,
whereas in patients with erosive esophagitis, repeat endoscopy is recommended to assure healing. Complete
healing may prevent complications including esophageal
stricture, Barrett’s esophagus or esophageal adenocarcinoma, although no data are available to support this contention. High dose, long-term PPI therapy or surgical
therapy may be considered when Barrett’s esophagus or
esophageal stricture is also present.
If patients do not respond to therapy there are two
potential explanations to explore: either the diagnosis is
incorrect or treatment is inadequate. The possibility of
another diagnosis, such as eosinophilic esophagitis may
be considered (56,57). If the clinical presentation and
histopathology are consistent with a diagnosis of reflux
esophagitis, then the evaluation of adherence to and adequacy of therapy is recommended. Esophageal pH
monitoring while the patient is on therapy will determine
if higher doses of acid reducing medications are needed.
If the diagnosis is uncertain, esophageal pH monitoring
while the patient is off therapy may be useful since a
normal study would suggest that esophagitis is less likely
to be due to GER.
When surgical therapy is considered, the potential
complications of anti-reflux surgery are balanced with
the nuisance, risks, effectiveness and cost of long-term
pharmacological therapy. There are no studies compar-

Esophagitis may cause discomfort or pain (odynophagia) or difficulty (dysphagia) with eating in infants, children and adults. The older child or adult is able to describe sensations that aid in discriminating between oropharyngeal disorders and esophageal disorders. Mouth or
pharyngeal pain, poor coordination of bolus formation,
coughing or apnea during feeding suggests oropharyngeal anatomical or functional problems. Complaints of
chest pain or food being stuck in the chest generally
indicate that there is an esophageal disorder, although the
sensory discrimination of the site of obstruction is often
inaccurate. Reflux esophagitis appears to be one of the
more common causes of these symptoms in children,
being diagnosed in 12 of 16 children reported in one
retrospective series (242).
In the older child or adolescent with symptoms suggestive of an esophageal cause of dysphagia or odynophagia, diagnostic evaluation usually begins with a radiographic contrast study (barium esophagram) to identify anatomic abnormalities, such as strictures or vascular
rings, and motility disorders, such as achalasia. Upper
endoscopy with biopsy is also usually performed. If
esophagitis is present, treatment of the underlying cause
of esophagitis (e.g., reflux esophagitis, pill esophagitis or
eosinophilic esophagitis) generally leads to symptom
resolution. There are no studies evaluating this proposed
diagnostic approach in older children or adolescents;
however, in a study of young adults (243), the barium
esophagram revealed a cause of symptoms in 70% of
patients. If the initial history is suggestive of esophagitis,
upper endoscopy may be performed as the initial diagnostic test. Treatment without prior diagnostic evaluation
is generally not recommended.
In infants, although case series have described an association of feeding difficulties with signs and symptoms
of GER (244–246), none has demonstrated that GER is
causally related to the feeding difficulties or that feeding
improves following treatment. Because a large variety of
disorders may contribute to infant feeding difficulties
(247), empiric therapy for GER is generally not recommended in children with feeding difficulties. However, if
there are other signs or symptoms suggestive of GERD
(section 5.1.1) then a time-limited course of medical
therapy can be considered.
5.5 The Infant with Apnea or ALTE
An apparent life-threatening event (ALTE) is defined
as an episode occurring in an infant that is frightening to
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001
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the observer and characterized by a combination of apnea, change in color (cyanosis, pallor, rubor, plethora),
change in muscle tone (limpness, stiffness), or choking
and gagging that requires intervention by the caretaker
(248). The first event usually occurs between one and
two months, and rarely after 8 months of age (249,250).
There is evidence that ALTEs can recur (250–252), and
that infants with an ALTE are at risk for a subsequent
sudden death (252–258). ALTEs can be caused by intentional suffocation, cardiac, central nervous system
and infectious disorders, and can be due to upper airway
obstruction or central apnea as well as GER.
In patients with ALTEs the prevalence of recurrent
regurgitation or emesis is 60% to 70% (249,252), and
40% to 80% of patients have abnormal esophageal pH
monitoring (259–261). Case reports have described
ALTEs triggered by overt regurgitation into the oropharynx or by aspiration of refluxed gastric contents (262–
264). Gross emesis or oral regurgitation has been correlated with either prolonged apnea (>20 seconds), or with
shorter apnea and bradycardia, but the majority of prolonged apnea episodes in these patients were not associated with regurgitation (265). The first report of simultaneous recordings of esophageal pH, heart rate, chest
wall movement and nasal airflow demonstrated that reflux could precede apnea (262). In selected patients with
a history of ALTE, esophageal acid infusion has been
shown to induce obstructive apnea (262) or oxygen desaturation (259), suggesting that one mechanism by
which GER may trigger an ALTE is acid stimulation of
laryngeal, pharyngeal, or esophageal chemoreceptors
with resultant laryngospasm.
Despite these early reports and the demonstrated potential for GER to cause apnea, subsequent investigations
in unselected patients with ALTE have not demonstrated
a convincing temporal relationship between esophageal
acidification and apnea or bradycadia (260, 261, 266272). Although several studies reported an occasional
correlation of GER with short mixed central apneas (5 to
15 sec) (266,269,271), all of the patients reported also
had episodes of apnea which were unrelated to episodes
of GER, suggesting a primary impairment in the regulation of respiration. The most convincing relationship between GER and episodes of obstructive or mixed apnea
has been in infants in whom the episodes occurred while
the patient was awake, supine and within one hour of a
feeding. One study performed simultaneous recording of
esophageal pH, heart rate, chest wall movement and nasal airflow to demonstrate a relationship between GER
and obstructive or mixed apnea in 8 of 15 such patients
(273).
At present there is no evidence that the characteristics
of an ALTE or polysomnographic diagnostic study can
predict which infants are at risk for future lifethreatening episodes or sudden death. In one study of 182
infants with ALTE followed for two months, the coexistence of GER and ALTE did not predict the risk for a
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001

subsequent episode of prolonged apnea or bradycardia.
SIDS has rarely been reported to occur in patients with a
previous ALTE and documented GER (261,274); in none
of these patients was a previous correlation between
esophageal acidification and a cardiopulmonary event
recorded.
Similarly there are no randomized studies to evaluate
the usefulness of esophageal pH monitoring in infants
with ALTE. In patients with frequent ALTE in which the
role of GER is uncertain, esophageal pH monitoring may
be useful to determine if there is a temporal association
of acid reflux with ALTE. For adequate interpretation of
esophageal pH monitoring in this situation, simultaneous
recording of heart rate, chest wall impedance, nasal airflow and oxygen saturation is necessary to detect obstructive apnea.
The evidence suggests that infants with ALTE and
GER may be more likely to respond to anti-reflux
therapy when there is gross emesis or oral regurgitation
at the time of the ALTE, when episodes occur in the
awake infant, and when the ALTE is characterized by
obstructive apnea. The effectiveness of medical therapy
of GER-associated ALTEs has not been adequately studied. To reduce overt emesis and inhibit acid reflux, therapeutic options include thickened feedings and prokinetic
and acid suppressant therapy. Surgical therapy has been
reported to be effective in preventing recurrent ALTE
and death in heterogeneous groups of patients (263,274),
but there are no studies comparing surgery to medical
management. Since most infants improve with medical
management, surgery is considered only in severe cases.
Caution should be exercised when diagnosing and treating GER as a presumptive cause of ALTE. Antireflux
surgery has been performed for GER in infants with
ALTE that was subsequently determined to be due to
repetitive intentional suffocation (275).
5.6 The Infant or Child with Asthma (Figure 5)
Asthma affects an estimated 4.8 million children
(276), 5% of whom have persistent asthma, defined as a
frequency greater than 2 or 3 times weekly. Although a
direct causal relationship between GER and asthma is
rare, a number of animal and human studies have suggested that GER may contribute to asthma severity. Proposed pathogenetic mechanisms include direct aggravation of airway inflammation by aspiration of gastric contents, or airway hyperresponsiveness triggered by
aspiration of minute amounts of acid into the lower airway (277–279). Esophageal acidification as an independent variable has minimal effect on pulmonary function
(277). However, esophageal acid exposure in asthmatic
patients may contribute to airway hyperresponsiveness
and variable airflow obstruction (280).
Symptoms of GER are common in children with
asthma (281). A high percentage of children with persis-
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FIG. 5. An algorithm for the management of a child or adolescent
with persistent asthma and suspected GER. See also Figure 3.
(Rx = therapy).

tent asthma have gastroesophageal reflux detectable by
abnormal esophageal pH monitoring. The reported
prevalence ranges from 25% to 75%. Of 668 patients
studied in 13 series, 407 or 61% were reported to have
abnormal pH studies utilizing a variety of scoring techniques (48–50,65,282–290). There was a similar prevalence of GER (53%) in three studies of infants less than
2 years of age (49,282,283). Approximately 50% of patients with persistent asthma and abnormal esophageal
pH monitoring have no or minimal clinical symptoms of
GER, such as vomiting, regurgitation, or heartburn (48,
50,282,284,288). There is no consistent evidence that
specific asthma symptoms or response to asthma therapy
correlates with abnormal esophageal pH monitoring.
A number of cohort comparisons have been performed
in patients with GER symptoms or positive esophageal
pH probe monitoring. These studies demonstrate that
prolonged medical treatment of GER improves clinical
symptoms of persistent asthma and reduces required
doses of bronchodilator and anti-inflammatory medications. From four case series reporting on a total of 168
patients, 63% had clinical improvement or reduced dosages of bronchodilator and anti-inflammatory medications following a variety of medical approaches (50,284,
288,291). Improvement of respiratory variables has been
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described in infants less than one year of age (291) and
older children with or without atopy (50). Reported successful therapies have included positional therapy and
thickened formula without medication (284,288),
cisapride (50), and H2RA (292). There are no studies of
combined prokinetic and antisecretory therapy to treat
GER in patients with asthma. Adult studies suggest that
duration of therapy is very important, and aggressive
acid suppression for at least 3 months may be necessary
to reduce respiratory symptoms (68) (293,294). No studies address the empiric treatment of asthma in patients
without GER symptoms or with normal esophageal pH
monitoring.
More striking results have been reported following
antireflux surgery. Eighty-five percent of 258 patients
reported in 6 case series improved clinically as assessed
by decreased frequency and severity of asthmatic attacks
and reduced dosages of bronchodilator and antiinflammatory medications (213,284,288,291,295,296).
Although details were often not provided, it appears that
all the patients had severe persistent asthma requiring
frequent oral steroids or high dose inhaled steroid prior
to surgery. The diagnosis of GER was most often confirmed by esophageal pH monitoring. Indications for antireflux surgery included evidence of recurrent pneumonia, failed time-limited medical antireflux management,
dependence on aggressive medical management, and
non-respiratory complications (persistent vomiting, vomiting with growth retardation, severe esophagitis). Subjective improvement in asthma after fundoplication was
correlated with a clear history of reflux symptoms preceding the onset of asthma symptoms, a positive response to medical therapy prior to surgery, a history of
recurrent pneumonia, and nocturnal attacks of asthma.
Failure of medical antireflux management did not preclude a favorable response to surgical antireflux management. Adult surgical series have shown similar improvements in symptoms and reductions of medication use
following surgery but without dramatic improvement in
pulmonary function tests (297).
Thus there is substantial published evidence that GER
is a potential contributor to symptoms of persistent
asthma. The true incidence of GER in children with
asthma is not known, as the reported data is from selected referred groups of patients with persistent asthma.
The available evidence does not support therapy of GER
in all patients with persistent asthma who fail to respond
to standard asthma therapy. However, a trial of vigorous,
prolonged medical therapy of GER is recommended for
children when symptoms of asthma and GERD (e.g.,
heartburn, regurgitation) co-exist, and in infants and toddlers with chronic vomiting or regurgitation and recurrent episodes of cough and wheezing.
If a patient with persistent asthma does not have symptoms of GER, esophageal pH monitoring is recommended in selected patients who are more likely to benefit from GER therapy. This includes patients with raJ Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001
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diographic evidence of recurrent pneumonia; patients
with nocturnal asthma more than once a week; and patients requiring either continuous oral corticosteroids,
high-dose inhaled corticosteroids, more than two bursts
per year of oral corticosteroids or those with persistent
asthma unable to wean medical management. If esophageal pH monitoring demonstrates an increased frequency
or duration of esophageal acid exposure, a trial of prolonged medical therapy for GER is recommended.
Currently there is insufficient pediatric evidence to
establish the optimal medical therapy for GER in patients
with asthma. It is recommended that a three month trial
of vigorous antisecretory therapy and possibly cisapride
be considered. It is recommended that outcome variables
be determined prior to initiating therapy and be monitored during therapy. Outcome variables include heartburn and regurgitation; frequency of asthma symptoms
(coughing, dyspnea, wheezing, and chest tightness); frequency and severity of acute exacerbations; frequency of
nocturnal symptoms and breathlessness; symptom
scores; quick-relief beta2-agonist use; changes in spirometry measurements (FEV1, FVC, FEV1/FVC) in
older children; and subjective measures of quality of life.
Antireflux surgery is considered in patients with persistent asthma and recurrent pneumonia, patients requiring
prolonged medical therapy and patients with nonrespiratory complications of GER such as persistent
vomiting, vomiting with growth retardation and severe
esophagitis.
5.7 Recurrent Pneumonia and GER
GER-related aspiration pneumonia may arise in the
absence of esophagitis. The incidence of GER and recurrent pneumonia in otherwise normal infants and children (288,290) (298) is difficult to establish due to the
heterogeneity of the patients in reported studies, which
include a large number of children with neurological
disabilities and anatomic disorders of the upper intestinal
tract. Several reports show that pediatric patients with
recurrent pneumonia and GER improve after receiving
medical or surgical GER therapy (296,299). In addition,
many patients with idiopathic pulmonary fibrosis have
GER (300), suggesting that repeated small episodes of
aspiration of gastric contents can eventually cause severe
compromise of pulmonary function. These clinical reports as well as clinical experience indicate that GER can
cause recurrent pneumonia and chronic pulmonary fibrosis.
Before considering GER as a potential cause of recurrent pneumonia, it is important to exclude other causes,
such as an anatomic abnormality, aspiration during swallowing, foreign body, cystic fibrosis or immunodeficiency (301). Determining whether GER is causing recurrent
pneumonia in an individual patient is difficult but certain
patient populations are prone to aspiration. The presence
J Pediatr Gastroenterol Nutr, Vol. 32, Suppl. 2, 2001

of neuromuscular disease (302) or a history of esophageal or laryngeal anatomic abnormalities increases the
risk of aspiration during swallowing and following episodes of GER. The incidence of GER-related recurrent
aspiration in otherwise normal infants and children is
unknown but it appears to be rare.
Normal esophageal pH monitoring does not exclude
GER as a cause of aspiration pneumonia. The addition of
an upper esophageal or pharyngeal pH recording does
not improve the ability of pH monitoring to determine
which patients are at risk for aspiration as a complication
of GER (43). Presumably, patients with even rare episodes of reflux of gastric contents into the pharynx are at
risk for aspiration if airway protective reflexes are abnormal. A variety of tests may be useful to evaluate these
protective mechanisms.
Flexible bronchoscopy with pulmonary lavage for
lipid laden alveolar macrophages has been utilized to
detect aspiration (303,304). However, lipid-laden macrophages may be present in normal individuals so their
presence in pulmonary lavage lacks sensitivity and specificity for determining if the cause of pulmonary disease
is aspiration. Recent efforts to improve the sensitivity
and specificity utilize careful protocols that score the
lipid content of over 100 macrophages, but considerable
overlap exists between normal controls, patients with
other causes of pulmonary disease and those with a history consistent with aspiration (305–308). If bronchoscopy with pulmonary lavage demonstrates a large percentage of lipid-laden macrophages, aspiration is more
likely, but this test does not discriminate between aspiration that occurs during swallowing and that following
GER. The lack of specificity of the test requires that the
results be interpreted in the context of other clinical findings.
Nuclear scintigraphy can detect episodes of aspiration
when follow-up images are obtained up to 24 hours after
the feeding is administered. A positive test demonstrates
that aspiration occurred but a negative test does not exclude the possibility that GER with aspiration occurs
infrequently (section 3.5). Despite the potential utility of
scintigraphy, no data are available regarding its predictive value in management of children or adults with suspected aspiration pneumonia.
Evaluation of airway protection mechanisms during
feeding may also be helpful since patients who aspirate
during feedings are also likely to aspirate refluxate. One
study in neurologically disabled children showed that
recurrent pneumonia was more likely in those with an
abnormal swallowing study (309). Thus, a videofluoroscopic swallowing study (VSS) or fiberendoscopic swallowing evaluation (FEEST), particularly with neurosensory testing, may help identify at risk patients (310–313).
Often the clinician must make management decisions
based on inconclusive information. If the patient has severely impaired lung function, it may be necessary to
proceed with antireflux surgery in an attempt to prevent
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further pulmonary damage, despite a lack of definitive
proof that GER is causing pulmonary disease in the individual patient. The potential benefits of surgery are
balanced with the recognition of potential complications
(section 4.3). Alternatively, if minimal pulmonary disease is present, consideration of medical therapy with
careful follow-up of pulmonary function can be considered. No controlled studies demonstrate the benefits of
any medical therapy in preventing progression of chronic
pulmonary disease caused by GER in children, but lifestyle and pharmacological agents are options.
5.8 The Infant or Child with Upper Airway Symptoms
or Signs
Airway symptoms of hoarseness (314), chronic cough
(315,316) and globus sensation (the sensation of a lump
in the throat) (317,318) have been associated with GER
in adult patients. Characteristic reflux-induced findings
of airway erythema, edema, nodularity, ulceration,
granuloma and cobblestoning have been described
(319,320). The sensitivity and specificity of descriptive
laryngoscopic findings for the identification of GERinduced disease are unknown in both pediatric and adult
patients. These symptoms or signs usually occur in the
absence of classical symptoms of GER such as heartburn
or chest pain. In adult GER patients, increased acid exposure in the proximal esophagus (321) and pharynx
(322) has been observed in those with airway symptoms
of cough or frequent throat clearing. Gastropharyngeal
reflux was more prevalent in a small study of children
with recurrent laryngotracheitis compared to control patients (323). An increased frequency of episodes of
awake GER in children with hoarseness has been suggested in one pediatric case series (324). One case report
documents a temporal association of GER episodes and
cough in an infant (325). Another case series suggests
that GER may contribute to either the pathogenesis of
subglottic stenosis or may compromise surgical results
(326), while another notes increased pharyngeal reflux in
children with laryngomalacia (44).
Several uncontrolled treatment studies in adults have
demonstrated improvements in laryngeal symptoms and
findings following aggressive medical therapy for GER,
with recurrence of symptoms when treatment was discontinued (68,69,320,327,328). Improvement in symptoms of hoarseness after GER therapy was reported in
one child (329). Another uncontrolled case series describes improvement in a variety of upper airway symptoms in pediatric patients following treatment of GER
with a variety of therapies (330). One study demonstrates
a marked reduction in cough symptoms in adults with
GER following laparoscopic fundoplication (331). There
are no randomized placebo controlled treatment trials
evaluating the efficacy of GER therapy of laryngeal
symptoms in adults or children. Adult data suggest that if
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a therapeutic trial is considered, it must be prolonged
(longer than three months) to adequately assess efficacy
(68). If there is clinical improvement, followed by a recurrence off therapy, it is reasonable to suspect a role for
GER in the pathogenesis of symptoms in an individual
patient.
In summary, several studies describe the presence of
GER in children with either chronic or recurrent laryngeal symptoms. The evaluation of suspected GERassociated laryngeal symptoms is complicated by a lack
of a uniform interpretation of laryngeal findings. Nonetheless laryngoscopy is generally indicated to rule out
potential anatomic abnormalities of airway protection
such as a laryngeal cleft. At this time, there is insufficient
evidence and experience in children to provide recommendations for a uniform approach to diagnosis and
treatment.
5.9 Other Disorders Potentially Associated with GER
Multiple case reports suggest an association between
GER and a variety of other disorders. One study suggested that adolescents with GER had an increased incidence of erosion of enamel on the lingual surfaces of
their teeth (332). However, another study showed no
increased incidence of dental erosions in adolescents
with abnormal esophageal pH monitoring (333).
GER has been suggested as a potential contributing
factor in recurrent sinus disease, pharyngitis and otitis
media. One uncontrolled case series of children with
chronic sinusitis suggested that treatment of GER dramatically reduced the need for sinus surgery in children
(334). Another demonstrated that in children with recurrent rhinopharyngitis, there was an increased number of
episodes with the pharyngeal pH falling to below 6 in
affected patients compared to controls (335). However,
the occurrences of ear and sinus infections were similar
in infants with or without GER (8). No data demonstrate
an association of otitis media and GER. However, otalgia
has been associated with GER in children and was reported to improve with treatment of GER (336).
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Appendix A. Summary of recommendations for diagnostic approaches and the quality of the evidence

Section

Recommendations

Quality of
evidence*

Diagnostic approaches
3.1

In most cases a history and physical examination are sufficient to reliably diagnose GER and initiate management.

III

3.2

The upper GI series is neither sensitive nor specific for the diagnosis of GER, but is useful for the evaluation of the
presence of anatomic abnormalities, such as pyloric stenosis, malrotation and annular pancreas in the vomiting
infant, as well as hiatal hernia and esophageal stricture in the older child.

III

3.3

Esophageal pH monitoring is a valid and reliable measure of acid reflux.

II-2

3.4

Endoscopy and biopsy can determine the presence and severity of esophagitis, strictures and Barrett’s esophagus, as
well as exclude other disorders. Esophageal biopsy is recommended when endoscopy is performed to detect
inapparent esophagitis and to exclude causes of esophagitis other than GER.

II-2

3.5

The role of nuclear scintigraphy (milk scan) in the diagnosis and management of GERD in infants and children is
unclear.

III

3.6

A trial of time–limited medical therapy for GER is useful for determining if GER is causing a specific symptom.

III

* Categories of the Quality of Evidence [16]
I
Evidence obtained from at least one properly designed randomized controlled study.
II-1 Evidence obtained from well–designed cohort or case–controlled trials without randomization.
II-2 Evidence obtained from well–designed cohort or case–control analytic studies, preferably from more than one center or research group.
II-3 Evidence obtained from multiple time series with or without the intervention. Dramatic results in uncontrolled experiments (such as the
results of the introduction of penicillin treatment in the 1940’s) could also be regarded as this type of evidence.
III
Opinions of respected authorities, based on clinical experience, descriptive studies, or reports of expert committees.

Appendix B. Summary of recommendations for treatment options and the quality of the evidence
Section

Recommendation

Quality of
evidence*

Treatment options
4.1.1

There is evidence to support a one to two week trial of a hypoallergenic formula in formula fed infants with
vomiting.

I

4.1.1

Milk–thickening agents do not improve reflux index scores but do decrease the number of episodes of vomiting.

I

4.1.2

Esophageal pH monitoring has demonstrated that infants have significantly less GER when placed in the prone
position than in the supine position.

I

4.1.2

Prone positioning is associated with a higher rate of the sudden infant death syndrome (SIDS). In infants from birth
to 12 months of age with GERD, the risk of SIDS generally outweighs the potential benefits of prone sleeping.
Therefore, non–prone positioning during sleep is generally recommended.

I

4.1.2

In children older than one year it is likely that there is a benefit to left side positioning and elevation of the head of
the bed.

I

4.1.3

It is recommended that children and adolescents with GERD avoid caffeine, chocolate and spicy foods that provoke
symptoms. Obesity, exposure to tobacco smoke and alcohol are also associated with GER.

III

4.2.1.1

Histamine–2 receptor antagonists (H2RAs) produce relief of symptoms and mucosal healing. Proton pump inhibitors
(PPIs), the most effective acid suppressant medications, are superior to H2RAs in relieving symptoms and healing
esophagitis.

I

4.2.1.3

Since more convenient and safe alternatives are available (H2RAs and PPIs), chronic antacid therapy is generally
not recommended.

4.2

Cisapride reduces the frequency of regurgitation and vomiting. However, because of concerns about the potential for
serious cardiac arrhythmias in patients receiving cisapride, appropriate patient selection and monitoring as well as
proper use, including correct dosage (0.2 mg/kg/dose QID) and avoidance of co–administration of contraindicated
medications, are important. Cisapride is available in the USA only through a limited–access program. Other
prokinetic agents have not been shown to be effective in the treatment of GERD in children.

4.3

Case series indicate that surgical therapy generally results in favorable outcomes. The potential risks, benefits and
costs of successful prolonged medical therapy versus fundoplication have not been well studied in infants or
children with varying symptom presentations.
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Appendix C. Summary of recommendations for the evaluation and management of infants and children with suspected GERD
and the quality of the evidence
Quality of
evidence*

Section

Recommendation

5.1.1

In the infant with recurrent vomiting, a thorough history and physical examination with attention to warning signals
is generally sufficient to allow the clinician to establish a diagnosis of uncomplicated GER.

III

5.1.2

In the infant who has uncomplicated GER, parental education, reassurance and anticipatory guidance are
recommended. Generally, no other intervention is necessary. Thickening of formula and a short trial of a
hypoallergenic formula are other treatment options. If symptoms worsen or do not improve by 18 to 24 months
of age, re–evaluation for complications of GER is recommended.

III

5.1.3

In the vomiting infant with poor weight gain in whom adequate calories are being offered, it is recommended that
tests be performed to uncover other causes of vomiting, including an upper GI series to evaluate anatomy and
swallowing. Management options include thickening the formula, increasing the caloric density of the formula,
acid suppression therapy, prokinetic therapy and, in selected cases, prone positioning. Further management
options include endoscopy with biopsy, hospitalization, tube feedings and rarely surgical therapy.

III

5.1.4

In infants with vomiting and irritability, potentially harmful interventions are undertaken with caution because
pathological findings are so infrequent. One approach to management is initial empiric therapy; an alternate
approach is initial diagnostic evaluation.

III

5.1.5

In otherwise normal children who have recurrent vomiting after the age of 2 years, management options include an
upper GI series and upper endoscopy with biopsy.

II-2

Prokinetic therapy is also an option.

III

5.2

For the treatment of heartburn in children or adolescents, lifestyle changes accompanied by a two– to four–week
therapeutic trial of an H2RA or PPI are recommended. If symptoms persist or recur, the child can be referred to a
pediatric gastroenterologist for upper endoscopy with biopsy and in some cases long–term therapy.

III

5.3

In the infant or child with esophagitis, initial treatment consists of lifestyle changes and H2RA or PPI therapy. In
patients with only histologic esophagitis, the efficacy of therapy can be monitored by the degree of symptom
relief. In patients with erosive esophagitis, repeat endoscopy is recommended to assure healing.

I

5.4

In the child with dysphagia or odynophagia, a barium esophagram is recommended. If the initial history is
suggestive of esophagitis, upper endoscopy may be performed as the initial diagnostic test. Treatment without
prior diagnostic evaluation is not recommended. In the infant with feeding refusal, because a large variety of
disorders may contribute to infant feeding difficulties, empiric therapy for GER is generally not recommended.
However, if there are other signs or symptoms suggestive of GERD then a time–limited course of medical
therapy can be considered.

III

5.5

In the infant with apnea or an apparent life–threatening event, if symptoms occur frequently and the role of GER is
uncertain, esophageal pH monitoring may be useful to determine if there is a temporal association of acid reflux
with ALTE.

II-2

Therapeutic options include thickened feedings and prokinetic and acid suppressant therapy. Since most infants
improve with medical management, surgery is considered only in severe cases.

III

In patients where symptoms of asthma and esophagitis co–exist, and in infants and toddlers with chronic vomiting
or regurgitation and recurrent episodes of cough and wheezing, a three–month trial of vigorous acid suppressant
therapy of GER is recommended. If patients with persistent asthma do not have symptoms of GER, esophageal
pH monitoring is recommended in selected patients who are more likely to benefit from GER therapy.

III

Evaluation and management of infants and children with possible GERD

5.6
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