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Abstract

Although the definition of Gastro-Esophageal Reflux Disease (GERD) has not changed much over the last
ten years, GERD continues to cause high rates of morbidity and mortality. Probably, and in a practical way, it
could be said that physiological GERD that is not pathological is usually accompanied by regurgitation, and
that its main symptom is vomiting. As in acid peptic disease, in GERD we can talk about certain aggressi-
ve and protective factors that can cause damage depending on their prevalence. Signs and symptoms of
GERD in children depend on the age of the group studied. Just as every wheezing child is not asthmatic,
in gastroenterology not every child that vomits or regurgitates has GERD. Today, certain slowly evolving
diseases and conditions are defined as refractory GERD because the natural history of these diseases and
their association with increased morbidity and mortality result in prognoses that imply different therapeutic
approaches. Sensitivity, specificity and reproducibility vary in accordance to the laboratory tests requested to
study a child with GERD. Treatment of children with GERD includes anti-reflux measures, administration of

medicine and surgery.
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INTRODUCTION

Gastro-Esophageal Reflux Disease (GERD) is nothing
but the return of gastric contents into the esophagus.
The contents are usually acidic, but they can also be alka-
line. GERD has general gastrointestinal and respiratory
repercussions, but unlike non-pathological physiological
Gastro-Esophageal Reflux (GER) which is present in bet-
ween 90% and 95% of infants, its definition has not varied
much over the last ten years. Nevertheless, it continues to
cause high rates of morbidity and mortality. This is reflec-
ted in the descriptive study that we carried out of 31 chil-
dren hospitalized due to GERD in the Infant Service of the
Hospital Universitario Ramén Gonzélez in Bucaramanga,
Colombia. The mortality rate was 26% primarily because

of respiratory complications such as irrecoverable massive
bronchoaspiration. The purpose of this study to review
articles concerning GERD in children published in the last
five years and add our experience and the experience of
other Colombian authors.

DEFINITIONS

Probably, it can be said that practically physiological non-
pathological GER usually occurs with regurgitation and
consists of the sudden return of small amounts of gastric
contents into the pharynx and mouth when nausea, ret-
ching, autonomic symptoms and symptoms of thoracic or
abdominal muscle contraction are absent. In contrast, the
main presentation symptom present in GERD is vomi-
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ting when nausea, retching, autonomic symptoms and/
or symptoms of chest or abdominal muscle contraction
are present. This does not mean that children with non-
pathological physiological GER cannot present vomiting
or that children with GERD cannot experience episodes of
regurgitation. In general, and in principle, it is always prefe-
rred to think in terms of GER rather than GERD in infants.
This is reflected in a study of 216 infants with symptoms
of regurgitation. They were followed from birth to the first
year of life. At two months of age almost 87% of them had
the symptom, at four months about 61% of them still regur-
gitated, at sixth months 46% had the symptom, at 8 months
only 23% continued to present this symptom, and after one
year only 8% continued to regurgitate (3).

PHYSIOPATHOLOGY

In a way that is similar acid peptic diseases, we can talk about
certain aggressor and protective factors in GERD which can
cause damage depending on their prevalences (Table 1).
Aggressor factors include those that have to do with the upper
and lower esophageal sphincters, the esophagus and the sto-
mach. They include acid as well as alkaline flux and include
gastric and the esophageal pressures. Protective factors
include those related to the anatomy itself such as sphincter
pressures, the physiology of esophageal peristalsis and gastric
emptying as well as the presence of a buffer system consisting
of salivation, cell renewal, esophageal resistance, and bipe-
dalism (4). Bipedalism is deeply connected with changes in
intra-abdominal and intra-thoracic pressures (5).

Table 1. GERD Aggressor and Protective Factors in Children. Taken from
Velasco-Benitez CA. Gastroesophageal reflux, regurgitation and gastroesophageal
reflux disease. Precop SCP. CCAP. Module 2. January 2002: 10.

Aggressor Factors

Lower esophageal sphincter: transient relaxations, hypotonia,
dysfunction

Stomach: pressure, volume, delayed gastric emptying, imbalance
between gastric pressure and lower esophageal sphincter
Esophagus: esophageal peristalsis, acid and pepsin, reflux
blockage, mucosal resistance to reflux

Upper esophageal sphincter dysfunction

Alkaline reflux: trypsin and bile acids

Protective Factors

Anatomical: intra-abdominal localization of the gastroesophageal
junction, phrenoesophageal ligament, acute cardio-esophageal
angle (angle of His), diaphragm pillars

Proper pressure and function of the lower esophageal sphincter
Gastric emptying, esophageal peristalsis

Salivation, swallowing, chewing

Cell renewal, intestinal maturation

Esophageal mucosal resistance

Bipedalism
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CLINICAL FINDINGS

Signs and symptoms of GERD in children are determined
by age group. They can be general, digestive and respiratory.
Frequently present in infants, they include mucocutaneous
pallor; Sandifer syndrome which comprises opisthotonos,
anemia and GER esophagitis (Figure 1); loss of appe-
tite; anorexia, irritability, sleep disturbances and failure
to thrive. A recent study by Pashankar et al. of 251 obese
American children between 7 and 16 years old reported
that obese children with body mass indices of more than
the 95" percentile for their age and sex are 7.3 times more
likely to present GERD than children who are not obese.

Figure 1. Child with GERD and opisthotonos position.

Children with GERD may present gastrointestinal signs
and symptoms such as vomiting, regurgitation, hemate-
mesis and/or melena, heartburn, colic, epigastric pain,
flatulence, burping, rumination, hiccups, retro-sternal
pain, protein-losing enteropathy, bloating, dysphagia,
odynophagia and oral lesions such as dental caries, dental
erosions, mucosal lesions and bacterial plaque (8). Some
dyspeptic symptoms present in children with Helicobacter
pylori gastritis definitely not solely associated with GERD
(9, 10). Finally, respiratory and otolaryngologic signs and
symptoms, whose presence classifies a case of GERD as
one with an atypical presentation, include apnea, coughing,
stridor, pharyngitis, dysphonia, otitis, sinusitis, laryngitis,
subglottic stenosis, vocal granulomas, bronchiolitis, bron-
choaspiration and difficult-to-treat asthma (11, 12, 13, 14).

When searching for an association between digestive
symptoms and/or respiratory symptoms in children with
GERD and between nutritional status and 24-hour ambu-
latory esophageal pH monitoring, we found no association
between symptoms and pH test parameters in children with
GERD. Nevertheless, the nutritional status and pH test para-
meters of the group of children with respiratory symptoms
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showed the greatest compromises (15). We also wanted to
find any associations among atypical GERD otolaryngology
symptoms such as otitis, sinusitis, croup, dysphonia and
vocal cord nodules in a group of 18 children under 14 years
old (median age 3 years and 10 months), and then to com-
pare these findings with those from a group of 19 children
with GERD digestive symptoms. Although the greatest com-
promise was found in the number of acid episodes found in
the 24-hour ambulatory esophageal pH test, none of the pH
test parameters were statistically significant (16).

DIFFERENTIAL DIAGNOSIS

In pulmonology, not every child who wheezes is an asth-
matic, and similarly, in gastroenterology, not every child
who vomits or regurgitates has GER. The first possibility
to be considered is non-pathological physiological GER
present in infants called “happy vomiters”. They have good
growth in terms of weight and height, but have a tendency
to regurgitate. These patients will improve promptly with
instruction and guidance about anti-reflux measures. An
entity that has become increasingly more common is food
allergy. Perhaps this is related to abandonment of healthy
eating habits and increasing presence of environmental
hazards although the genetic predisposition of each indi-
vidual cannot be forgotten. Although each patient must be
identified, and her or his clinical history remains essential
for complete an accurate diagnosis, there are certain con-
ditions that can occur with vomiting which require more
attention. These include increased intracranial pressure
from mass effects, certain metabolic diseases which pre-
sent persistent vomiting and acid-base disorders such as
galactosemia and glycogen storage disease, kidney diseases,
urinary tract infections, and vesicoureteral reflux. Finally,
there are congenital anomalies which requite prompt and
early surgical correction. These include esophageal atresia,
achalasia, hiatal hernia, vascular rings, pylorus hypertro-
phy, duodenal or gastric membranes, intestinal malrota-
tion, intestinal duplication, choledochal cyst, the annular
pancreas and congenital adhesions (17).

REFRACTORY GERD

Today, certain diseases and conditions which are known to
evolve slowly are classified as refractory GERD because of
the natural history of these diseases and their association
with increased morbidity and mortality. Their prognoses
imply different therapeutic approaches (Table 2). Some
congenital anomalies, metabolic diseases, chromosomal
abnormalities, central nervous system alterations with cer-
tain preponderant neonatal historyies are considered to be
refractory GERD (18).

Table 2. Refractory GERD in children. Taken from Velasco-Benitez CA.
Gastro-esophageal reflux, regurgitation and gastro-esophageal reflux
disease. Precop SCP. CCAP. Module 2. January 2002:10.

Congenital anomalies

Esophageal anomalies: esophageal atresia, achalasia, hiatal hernia,
laryngotracheomalacia

Abdominal wall defects: gastroschisis, omphalocele

Metabolic diseases

Pancreatic cystic fibrosis

Chromosomal abnormalities

Down syndrome

Central nervous system disorders

Cerebral palsy, hypotonic child syndrome, chronic convulsive
syndrome

Neonatal history

Bronchopulmonary dysplasia, prematurity

DIAGNOSIS

Sensitivity, specificity and reproducibility of some of the
lab tests used to study children with GERD are displayed
in Table 3 (19). To date, the gold standard for GERD diag-
nosis is the 24-hour ambulatory esophageal pH monitoring
(21). This has now been complemented with impedance
monitoring which allows more accurate diagnosis. It shows
not only whether the reflux is acid or alkaline, but also
shows the progression of reflux through the esophagus and
whether there is any association between digestive and/
or respiratory/otolaryngologic symptoms and esophageal
pH changes. It reports four parameters including reflux rate
(number of acid episodes/duration of procedure), number
of acid episodes, number of acid episodes that last longer
than five minutes, and duration of the longest episode.
Results are considered abnormal if they are over percentile
50% of the reference tables for the patient’s age (Figure 2).
Today, placement of the Bravo endoscopic trans-catheter
allows the study of children with a wireless 24-hour ambu-
latory esophageal pH monitor. Upper gastrointestinal tract
scintigraphy can determine the reflux index (Normal is
less than 4%), liquid gastric emptying (Normal is greater
than 50%) and the presence of pulmonary microaspiration.
Using a suction/swallowing mechanism when taking upper
gastrointestinal images is an excellent method for detection
of anatomical abnormalities such as strictures, fistulas, and
hiatal hernias, but does not provide radiological diagnosis
of GERD (Figure 3). Upper gastrointestinal endoscopy,
besides visualizing esophageal motility and distension, can
show possible anatomic abnormalities and the presence of
macroscopic esophagitis. It also allows biopsies for determi-
nation of whether esophagitis caused by GERD or is eosi-
nophilic or allergic (Figure 4). In search of improvements
in the sensitivity of tests such as 24-hour esophageal pH
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tests and endoscopic diagnosis of esophagitis, we perfor-
med a study of 49 children aged 4 months to 13 years (mean
age S years 4 months’ + 3 years 8 months) who had been
diagnosed with GERD. Of these patients 26.5% had res-
piratory symptoms and 8.2% had digestive symptoms. We
found no association between histopathological findings
and results from the pH monitoring. Using bronchoalveo-
lar lavage, siderophages carrying refluxed material towards
the lungs have been identified. In more recent studies they
have been shown to carry dipalmitoylphosphatidylcholine
which is a major component of the surfactant (27). Even
more recent studies have shown that the presence of bile
acids and bronchoalveolar pepsin are associated with aspi-
ration caused by GER in children with chronic lung disease
(28). As described by Salazar et al., cineradiography and
videofluoroscopy are dynamic examinations which make
it possible to analyze the different phases of the sucking/
swallowing mechanism in relation to different consisten-
cies. In their study of 68 children between 1 month and 5
years old who had been diagnosed with swallowing disor-
ders at the Hospital Universitario San Vicente de Paul in
Medellin, Colombia showed that 84% presented gastroin-
testinal disturbances (mainly GER). Differential diagnoses
of esophageal motility abnormalities were performed using
manometry, and direct laryngoscopy identified otolaryn-
gologic problems associated with GERD. Ultrasound is a
noninvasive method which has increasingly become more
important for diagnosis of GERD. Nevertheless, it requires
an expert for its use and interpretation.

Table 3. Sensitivity, specificity and reproducibility of primary laboratory
tests for the study of children with GERD. Taken from Velasco-Benitez
CA. Gastroesophageal reflux, regurgitation and gastroesophageal reflux
disease. Precop SCP. CCAP. Module 2. January 2002: 10.

Sensitivity Specificity Reproducibility

Impedance 54.3%

pH test monitoring 87-93% 92.9-97% 69-92%
Scintigraphy 61-79% 93-95%

Upper gastrointestinal 20-86% 64-90%

tract

Endoscopy 54% 100%

Bronchoalveolar lavage 85%

MANAGEMENT

Treatment of children with GERD includes measures
against reflux, medication, and surgery. This is true even for
children with GERD associated with asthma. Treatment
must include support from health care professionals for
children with GERD and for their parents or guardians as
we reported following our descriptive study of families of
11 infants under 24 months of age (mean age: 9 months
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+ 6 months) with GERD who had been diagnosed by cli-
nical tests, endoscopy and 24-hour ambulatory esophageal
pH monitoring. Psychological characteristics inherent
to the disease process are described in that study whose
main conclusion was that the pediatrician’s knowledge of
the psychological capacities of the child and her/his family
(ego defenses against disease) and recognition of the emo-
tional threat GERD implies for the parents results in extra
support in safeguarding the child’s health and for making
the process more tolerable.

I525a855455555533555%

Figure 2. 24-hour ambulatory esophageal pH test report in a child with
GERD.

Figure 3. Tracheoesophageal fistula to the upper gastrointestinal tract
of child with GERD.
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Figure 4. Severe macroscopic esophagitis seen in upper high digestive
endoscopy in a child with GERD (Donatone O. Digestive endoscopy.
At: Velsco CA, editor. Enfermedades digestivas en nifios (Children’s
Digestive Diseases) Second Edition. Editorial Program of the
Universidad del Valle: Cali 2006).

Anti-reflux measures

Anti-reflux measures include nutritional management
which involves increasing caloric density by thicke-
ning; food fractionation, monitoring risks of becoming
overweight risk and avoiding certain foods such as fats,
citruses, tomatoes, carbonated beverages, acidic bevera-
ges, coffee and chocolate. Another measure is teaching the
decubitus supine position at 30° to avoid risk of sudden
death. This should preferably be on the left side to improve
gastric emptying. Other measures include avoiding certain
medications such as anticholinergics, adrenergics, xanthi-
nes, calcium channel blockers, prostaglandins and nicotine;
and avoiding tight clothing and heavy meals before bed-
time. In a crossover controlled clinical trial of anti-regurgi-
tation formulas (which have been misnamed anti-reflux in
Colombia), we studied 21 infants with a mean age of 3.5 +
2.4 months who had GERD which had been diagnosed cli-
nically and with scintigraphy. Thickened anti-regurgitation
prescription with amylopectin was administered to these
infants who were then monitored with 24-hours ambu-
latory esophageal pH tests. We found that three was no
statistically significant improvement in all four parameters
measured in the 24-hour ambulatory esophageal pH test.

Medication

It is worth remembering that antacids were a good pharma-
cological alternative, as we demonstrated in a comparative
study of 60 infants with a mean age of 5.4 £ 3.5 months whose
clinical diagnoses of GERD had been confirmed by 24-hours

ambulatory esophageal pH testing. Group 1 was treated with
an orally administered H2 blocker such as ranitidine plus a
prokinetic such as cisapride. Group 2 was treated only with
hydrotalcite, an antacid. Group 3 was treated with cisa-
pride plus oral hydrotalcite with a dosage determined by 1
gr/1.73m’ of body surface which was administered in 4 doses
over 8 weeks. Clinical symptoms of 94% of the children who
received hydrotalcite with or without prokinetic improved.
Infants treated in this manner probably require more than 8
weeks of treatment for histological improvement (39). To
date, H2 blockers and proton pump inhibitors are preferred
over antacids because therapeutic doses of antacids are very
close to the toxic dose, and because they must be adminis-
tered every 4 to 6 hours daily to be effective (This task diffi-
cult most of the time). Other medicines used for managing
children with GERD are prokinetics such as domperidone
(40), although metoclopramide should not be used because
its mechanism of action crosses the blood-brain barrier and
often causes extrapyramidal effects. In addition, its com-
mercial presentation in drops facilitates mistakes that can
lead to poisoning. To avoid esophagitis caused by the return
of acid or alkaline contents to the esophagus, H2 blockers
such as ranitidine and famotidine, and proton pump inhi-
bitors such as omeprazole, lansoprazole and pantoprazole
are advised (41-45). These medicines have been approved
for children by the FDA in the United States. Recently, the
FDA also approved oral doses of esomeprazole, the S-isomer
of omeprazole, for children aged 1 to 17 years old. Dosages
are between 5 and 10 mg/day for children weighing less than
20 kilograms, and oral doses are between 10 and 20 mg/
day for children weighing more than 20 kilograms. Dosage
and adverse effects of the medicines most frequently used
in children with GERD can be found in the Tables 4 and 5
(47). It should not be forgotten that domperidone must be
administered between 15 and 20 minutes before meals to
promote absorption and to engage its action mechanism.
Proton pump inhibitors in micropellets makes dilution in
acid solutions and domperidone suspension possible. They
can be administered through a feeding tube. It should not
be forgotten that when administered in a single dose, it must
be administered on an empty stomach following fasting and
that they must be changed every 8 to 12 weeks during use.

SURGERY

About twenty years ago, surgical management was the most
commonly used therapeutic approach, but it has fallen into
disuse due to increasing understanding of the pathophy-
siology of the entity due to better diagnostic methods, the
emergence of better medicines, and persistently high levels
of postoperative morbidity and mortality. The primary
indication for surgery on a child with GERD is fundopli-
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cation (48, 49). Surgery can be performed laparoscopically
or through gastrostomy or pyloroplasty. Prior to surgery
pH/impedance monitoring, manometry, and digestive
tract scintigraphy are required.

Table 4. Doses of some medicines commonly used for managing

children with GERD.
Domperidone 0.2 mg/kg/dose/8 hours 15 minutes before each meal
Ranitidine 2 mg/kg/dose/8-12 15 minutes after each meal
Omeprazole 1 mgl/kg/day to 40 mg/day/12-24 hours
Lansoprazole 1.5 mg/kg/day to 60 mg/day/12-24 hours
Pantroprazol 40 mg/1.73 m? to 80 mg/day/12-24 hours
Esomeprazole  5-10 mg/day for <20 kg

10 to 20 mg/day for > 20 kg

Table 5. Adverse effects of some medicines commonly used in
management of children with GERD.

Prokinetics

Sedation, agitation, depression, diarrhea, extrapyramidal effects,
hypotension, neuroleptic malignant syndrome, hyperprolactinemia

H2 blockers

Neutropenia, agranulocytosis, bradycardia, headache, confusion,
vomiting, diarrhea, constipation, pancreatitis, hepatitis, rash,
hyperprolactinemia

Proton pump inhibitors

Diarrhea, nausea, vomiting, abdominal pain, headache, tachycardia
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