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Abstract:
Introduction: Gastro-esophageal reflux disease (GERD) can be defined as any symptomatic clinical condition that
results from the reflux of stomach contents into the esophagus. Several investigations are used for evaluating the different
clinical presentation of the disease.
Aim: The purpose of this study is to reveal the role of the 24-hour pH monitoring in the complex of diagnostic
methods for evaluating GERD in young children.
Material and methods: For a period of 15 years (1987 ― 2001) 199 infants aged 2 months ― 4 years with suspected
GERD were treated at the Department of Pediatric Surgery and the University Paediatric Hospital in Sofia, Bulgaria. A
detailed history, X-rays, esophagoscopy, scintigraphy and pH monitoring were used to confirm the diagnosis and
demonstrate possible complications.
Results: Esophageal pH monitoring has been the most informative screening method for distinguishing
physiological from pathological reflux, particularly revealing children with a high risk of reflux disease and evaluating
pathological GER by children with related clinical symptoms. The indication for the method should be substantiating on
clinical evidence and other diagnostic methods.
Keywords: GER, GERD, pH monitoring, reflux-esophagitis, peptic stricture, hiatus hernia.

Introduction:
Gastro-esophageal reflux (GER), defined as returning of gastric contents into the
esophagus, and GER disease (GERD), defined
as complex of the complications resulting from
GER, are common pediatric problems. GERD
in children include symptoms and conditions of
great diversity [8].
Many infants have minor degrees of
reflux, referred to as functional GER while a
number of infants have significant pathogenic

reflux with clinical evidence of suffering and
variable clinical manifestations [6].
In some patients, GER can be diagnosed
from the history alone [9]. Further investigations are needed in suspected GERD. Several
tests are useful in the assessment of the
different manifestations of the disease.
Esophageal pH monitoring is shown to be the
most appropriate and informative method for
screening pathological reflux in children [1, 10,
11].
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Figure 1. See text for details.

Aim:
The aim of our clinical study is to reveal
the role of the 24-hour pH monitoring in the
complex of diagnostic methods for evaluating
various clinical presentation of GERD in young
children.
Clinical Material:
For a period of 15 years (1987 ― 2001)
185 infants and children aged 2 months ― 4
years with suspected GER were treated at the
Department of Pediatric Surgery at Hospital
“Pirogov” and the University Paediatric
Hospital ― Sofia. The patients are divided into
six clinical groups:
1) Physiological GER (n = 35)
2) Children with high risk of reflux disease
(n = 22)
3) Cow's milk allergy (n = 8)
4) GERD and associated symptoms: (n = 45)
4.1 Respiratory symptoms and asthma-like
condition (n = 17)
4.2 Apnoea (n = 7)
4.3 Pseudoneurological symptoms (n = 21)
5) GERD with underlying surgical complications (n = 63)
6) Neurologically impaired children (n = 12)
6.1 CNS injury (n = 8)
6.2 Neglected children (n = 4)
Clinical tests were performed according
to each individual indication.
Methods:
Ninety-four 24-hours esophageal pHmonitoring (EpHM) studies were performed in
78 infants with software program by
S.T.Innovators, Bulgaria. Another 38 EpHM
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were realized with the device by Radiometer
Cph.
For the present study following criteria
were studied:
1) Reflux index (RI) in % = percentage of
reflux time with pH under 4,0.
2) Number of reflux episodes for 24 hours
(RE).
3) Number of reflux episodes lasting more than
5 min (RE5).
4) Duration of the longest reflux episode (min)
and the timing of appearance (DRE).
An X-ray barium meal examination was
used in 171 children (92,4 %) for recognition
deformity or stricture of the esophageal wall,
anatomical disorders of the esophago-gastric
junction (obtuse Angle of Hiss, hiatus hernia)
as well as degree of spontaneous regurgitation.
An Olympus GIF XP-10 flexible
endoscopy was performed by the majority of
children (n=148/80%). Changes of the esophageal mucosa were confirmed according to the
widely used Savary and Miller’s classification
with a grading from I to IV degree.
Tc 99 scintigraphy was accomplished
by 29 patients (15,7%) as a functional test for
evaluating gastric emptying and pulmonary
aspiration.
Results:
1) Physiological GER (n = 3 5; age 2
― 5 months)
Clinical features: mainly regurgitation,
scanty postprandial or nocturnal vomiting.
Clinical investigations: no respiratory or
neurological symptoms, no infection of the
digestive or urogenital tract, no cow’s milk
allergy or metabolic disorders.
X-ray findings: incompetence of the
cardia, insignificant reflux.
Fibroesophagoscopy: gaping of the
cardia, no esophagitis.
EpHM:
RI: 5.2±2,2%;
RE: 17±9;
RE5: 3;
DRE: 7 min during sleep.
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Treatment: Positional therapy, milkthickening, prokinetiks agents.
Results: Relief of symptoms.
2) Children with high risk of reflux
disease (n=22; age 4 ― 8 months)
Clinical features: Regurgitation during
sleep, excessive vomiting.
Clinical investigations: no respiratory or
neurological disorders, no infection in the
digestive or urogenital tract, no cow’s milk
allergy.
X-ray findings: wide cardia, obtuse angle of Hiss, marked reflux.
Endoscopy: gaping of the cardia, erosive esophagitis I - II degree.
EpHM:
RI: 16±3,7%;
RE: 27±11;
RE5: 7;
DRE:12 min during sleep
Treatment: positional therapy, prokinetic agents, proton pump inhibitors (PPI).
Results: Relief of symptoms, weight
gain. Two infants were referred to surgery 4
months after unsuccessful treatment.
3) Cow’s milk allergy (n = 8; age 5 ―
8 months)
Clinical features: vomiting, insignificant growth retardation.
X-ray findings: wide cardia, no signifycant reflux.
EpHM (marked differences of the monitoring data):
a) negligible reflux (n = 4):
RI: 4,1±2,6 %;
RE: 9±3
RE5: 1
DRE: 6 postpran-dial.
b) manifested reflux (n = 4):
RI: 30,4±7,6%;
RE: 9±11;
RE5: 1;
DRE: 17 postprandial.
Treatment: exclusion of milk proteins,
prokinetic agents.

4) GERD and associated symptoms
(n = 45 Age: 2 months ― 2 years)
4.1. Respiratory symptoms and asthmalike conditions (n = 17)
Clinical features: insignificant vomiting, regurgitation, negligible weight loss, chronic cough, recurrent bronchial obstructive syndrome.
EpHM: manifested reflux
RI: 28,6±6.1;
RE: 13±7
RE5: 8
DRE: 17 during sleep.
Tc 99 scintigraphy: delayed gastric
emptying, poor esophageal clearance, accumulation of the radionucleide in the lung after 24h.
Treatment: positional therapy, fractionated diet, PPI and prokinetics. Despite medical
treatment four infants were referred to surgery.
4.2 Pseudoneurological symptoms (n =
21)
4.2.1. Hyperirritable children (n = 11;
age 3 ― 5 months)
Clinical features: irregular vomiting,
uncoordinated head movement, crying
X-ray findings, endoscopy: normal
pH data: low-grade reflux (RI=6,1±3,2 )
Treatment: Milk-thickening, prokinetics
agents, anti-colic agents, tranquillisation drugs.
4.2.2. Apnoea (n = 7 Age 2 ― 4
months)
Clinical features: cyanosis and apnoea,
no significant vomiting
a) Abnormal neurological status and
EEG (n = 3)
EpHM: normal RI;
Treatment: Anticonvulsants.
b) Normal neurological status and EEG
(n = 4)
EpHM: extreme reflux
RI: 34,4±7,1;
RE: 17±3
RE5: 11
DRE: 19 during sleep.
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Treatment: positional therapy, prokinetics agents, H2 blockers.
Results: Relief of symptoms, markedly
decrease of reflux.
4.2.3. Sandifer syndrome (n = 3)
In these children with established reflux
disease the so called “torticolis” resolved after
antireflux therapy (n=1) or surgery (n=2).
5) GERD with underlying complications (n= 63; age 8 months ― 4 years)
Diagnosis on admission: GERD. Esophageal stenosis. Hiatus hernia.
Clinical features: vomiting, failure to
thrive, respiratory infection, anemia, dysphagia
X - ray findings: high grade barium reflux, obtuse angle of Hiss, hiatus hernia (n=13),
esophageal stricture (n = 35), secondary short
esophagus (n = 15).
EpHM:
a) excessive reflux (n = 38)
RI: 43.4±9.2
RE: 21±4
RE5: 18
DRE: 22 during sleep and postprandial
b) inaccurate data due to esophageal
stricture (n = 25)
Tc 99 scintigraphy: delayed esophageal
clearance
Endoscopy: Grade III ― IV esophagitis,
peptic or fibrose stricture.
Treatment: Antireflux procedure: Nissen fundoplication and gastrostomy (n=9);
without gastrostomy (n = 43); Thal fundopexy
procedure (n = 11)
6) Neurologically impaired children
(n = 12; age 2 ― 4 years)
6.1. CNS damage (n = 8)
Clinical features: vomiting, regurgitation, dysphagia, weigth loss.
EpHM (various results):
a) marked acid reflux (RI over 30 %) in
3 infants with accompanying anomalies (laryngeal stridor or bronchospasm).

55

b) Insignificant changes (RI: 5.6±2.4) in
5 infants.
X - ray finding: esophageal dysmotility,
incompetence of the cardia.
Treatment: Antireflux procedure: Nissen fundoplication (n = 12)
6.2. Neglected children (n = 4)
Clinical features: Restricted growth due
to rumination and vomiting.
Diagnosis is made by clinical observation. There are no marked abnormalities detected by fluoroscopy or esophagoscopy.
Treatment: positive emotional stimuli
eliminated mericism and led to weight gain (n =
1). Surgery was necessary in 3 cases.
Discussion:
Manifestations of reflux disease in
infants differ from those in adults. In normal
infants GER can be physiological due to the
immaturity of the lower esophageal sphincter
(LES). Another cause for the clinical
manifestation of regurgitation or vomiting is
the psychosocial factor - mother negligence,
overfeeding or inappropriate feeding, and
psychical distress. Our investigations of this
group revealed normal parameters of the
esophageal pH. Physiological GER can be
diagnosed from the history alone and it is not
necessary to perform EpHM in asymptomatic
reflux [8, 9].
Thickened feeds and elevation of the
head of the bed are helpful in reducing the
symptoms of GER in young infants and no
specific treatment is required. Cisapride may
help to reduce the frequency of regurgitation
and vomiting [6, 8].
An important group is the children with
high risk of reflux disease. Thorough
investigation is relevant for their appropriate
treatment. When untreated, GER can result in
serious complications: anaemia, respiratory
distress, apnea, failure to thrive, esophagitis and
stricture. The EpHM is the most reliable test for
evaluating the risk group and avoiding further
progress of symptoms. In most of the cases
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GER resolves after medication with Cisapride
and/or PPI [8, 10].
Cow¢s milk allergy is a transitory and
accompanying factor leading to vomiting rather
than an etiological factor for GER. Our
investigations revealed considerable clinical
improvement after milk protein exclusion and a
trial of a hypoallergenic formula feed [7].
A primary high-grade acid reflux is
frequently associated with respiratory tract
damage. It can take a subclinical course with
²innocent regurgitation² or negligible vomiting.
The prolonged duration of reflux episodes
during sleep correlated with the evidence of
acute or chronic respiratory symptoms. The
pulmonary complication may often be a
primary manifestation of the illness. There is
high prevalence of pathologic gastroesophageal reflux in asthmatic children,
contributing to asthma severity. Cyanosis and
apnoea are also signs of excessive acid reflux
related to respiratory dysfunction. Patients with
chronic cough, recurrent pneumonia and asthma
should be investigated by means of EpHM for
the possibility of GER and treated accordingly
the clinical manifestations [3, 5]. Antireflux
surgery should be also considered in
management [2, 8, 11].
The association between GER and
neurologically impaired children is well
described. The injured afferent input results in
esophageal motor disturbances, abnormalities
in
the
swallowing
mechanism
and
incompetence of the cardia. In neglected
children rumination is due to lack of love and
attention to the child. The surgical procedure
must be performed earlier because of risk of
growth retardation.

GER
with
underlying
surgical
complications forms the most important group.
The presence of hiatus hernia is associated with
prolonged exposure of the esophagus to acid
and a high risk of developing esophagitis and
stricture. There are further indications for
surgery such as ineffective conservative
treatment of GER, peptic or fibrous stricture,
accompanying complications. In most cases
EpHM is very contributive to the diagnosis.
The upper GI series is not specific for the
diagnosis of reflux, but is useful for evaluation
the presence of anatomic abnormalities, such as
hiatus hernia and esophageal stricture.
Endoscopy and biopsy can determine severity
of esophagitis and Barrett’s esophagus [4].
Surgical antireflux procedure is an appropriate
means for resolving the reflux disease. As
preferred surgical method the Nissen
fundoplication generally results in significant
clinical improvement and favourable outcome
[2, 8, 10].
Conclusions:
GER in infants can result in serious
consequences. In the first year of life most of
the children have a positive response to the
conservative
treatment.
The
clinical
manifestation of GERD such as vomiting,
anaemia, apnoea, respiratory distress, failure to
thrive and esophagitis should be investigated
thoroughly. The 24-hour pH monitoring is the
most appropriate screening method for locating
the group of children with a high risk of acid
reflux disease and children with associated
complications. It is a valid and reliable test for
evaluating acid reflux. Surgical treatment
should be considered when therapy fails and
underlying surgical complications are present.
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