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INTRODUCTION

Abstract

Introduction: Gastroesophageal reflux is a common physiological phenomenon in preterm infants and is fre-
quently diagnosed in neonates for whom it is an important clinical phenomenon. Objective: To determine the
prevalence and symptoms of gastroesophageal reflux disease (GERD) by 24-hour ambulatory esophageal
pH monitoring of preterm neonates. Methodology: This is a study of the prevalence of GERD among patients
in the Neonatal Intensive Care Unit of Cali, Colombia. Esophageal pH of infants was monitored when GERD
was suspected. In addition, sociodemographic and clinical variables were recorded and taken into account.
Univariate analysis by means of measures of central tendency and bivariate analysis were preformed using
the chi-squared test and Student’s T test with p <0.05 established as significant. Results: Twenty preterm
newborns whose ages from birth ranged from 27.6 days to 36.5 days and whose gestational ages ranged from
3.8 weeks to 31.6 weeks were included. Twelve were male, and eleven (55.0%) had abnormal pH. Gastric
waste and heart disease were associated with abnormal pH. Conclusion: The prevalence of GERD found
through pH monitoring was relatively high in this group of infants compared findings in the world literature
although no clear associations were found between the symptoms analyzed and other factors except for heart
disease and gastric waste.
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costs which makes it an important clinical phenomenon in
NICUs. (3,4)

Gastroesophageal reflux (GER) is defined as the return
of the gastric contents to the esophagus, with or without
regurgitation or vomiting. It must be distinguished from
gastroesophageal reflux disease (GERD) which includes a
series of GER symptoms. These can affect a child’s quality
of life and cause pathological complications such as failure
to grow, problems with eating and/or sleeping, chronic
respiratory problems, esophagitis, hematemesis, apnea and
life-threatening events. (1,2) GER is a common physiolo-
gical phenomenon in preterm infants which is frequently
diagnosed in neonatal intensive care units (NICU). It
can lead to prolonged hospital stays and high in-hospital

GER in preterm infants is often diagnosed and mana-
ged based on clinical manifestations rather than specific
paraclinical tests. In addition, there is little evidence of the
damage caused by GER in preterm infants, so questionable
anti-GER drugs are routinely used in this age group. (4)

Nonspecific signs and symptoms attributable to GER
include food intolerance or aversion, poor weight gain, fre-
quent regurgitation, apnea, oxygen desaturation, bradycar-
dia, arching and irritability. (1, 3, 4)

Classically, pH monitoring (pHm) in the lower esopha-
gus has been used to diagnose GER in children and adults.
Two methods are in use: 24-hour outpatient esophageal pH
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monitoring and multichannel intraluminal impedance tes-
ting (MII). MII measures esophageal movements of liquids,
solids and air by electrical impedance, and it shows whether
movements are antegrade or retrograde while it simulta-
neously measures pH. (5) The normal reference values for
pH monitoring in preterm infants are those of Ng et al. (6)

The objective of this study is to determine the prevalence
and symptoms of GERD by pHm in preterm infants at the
Hospital Universitario del Valle (HUV) Evaristo Garcia in
Cali, Colombia.

MATERIAL AND METHODS

This observational, descriptive, non-experimental, cross-
sectional and comparative study was conducted in preterm
infants who were hospitalized in the Newborn Intensive
Care Unit of the Hospital Universitario del Valle (HUV)
Evaristo Garcia in Cali, Colombia between January and
June 2013. Infants diagnosed as premature who had patho-
logies typical of GER such as respiratory distress syndrome,
sepsis and metabolic disorders were included.

Premature newborns with symptoms suggestive of GERD
such as desaturation during feeding, bloating, vomiting,
unexplained apnea, residue, coughing, crying, irritability,
life-threatening events and lack of weight gain not attributa-
ble to another pathology were included. Preterm infants who
had already received anti-reflux medications were excluded.
Before starting the study, members of the families of the pre-
term infants were told the nature and purpose of the investi-
gation and had opportunities to request more information
and discuss any questions they may have had. All infants
were being fed enterally at the time of the study. Some of
those with nasogastric feeding in situ were also in their nor-
mal sleeping position, whether supine or prone.

Each preterm infant underwent outpatient esophageal
pH monitoring for a minimum of 20 continuous hours.
Monitoring was preceded by a 4-hour fast. A disposable
1-channel pediatric catheter with antimony tip was atta-
ched to a Mark III pH monitor from Synetics Medical that
had been calibrated before the study with buffer solutions
at pHs of 4.0 and 7.0. The length of catheter to be intro-
duced through one of the infant’s nostrils was calculated
on the basis of the formula of Strobel et al. (size x 0.252
+ 5 x 0.86). (7) It was corroborated by a portable chest
x-ray which helped locate the tip of the catheter between
the sixth and eighth thoracic vertebrae. Once in place, the
catheter and monitor were secured with surgical tape to
prevent displacement for duration of pHm. Symptoms and
signs present during the procedure were registered.

Synetics Medical software was used to analyze pH plots
which were then interpreted according to the standard
normal values developed by Ng et al. The reflux index,

the number of acid episodes, the number of acid episodes
longer than S minutes and the duration of the longest acid
episode were all included in the analysis. (6)

The statistical analysis performed with the Stata 15 soft-
ware included measures of central tendency such as per-
centages, averages and standard deviations and univariate
analysis using the chi-square test (x2) and Student’s t test
with p <0.0S considered to be significant.

The risk of this study was classified as minimal according
to Resolution 8430 of 1993 of the Ministry of Health of
Colombia which established ethical standards of research
with human beings. The rights and welfare of each participant
were guaranteed in accordance with the Helsinki Declaration.
Before a patient was included in the study, parents or guar-
dians signed an informed consent document allowing data to
be used in research and ensuring confidentiality and profes-
sional handling of the study’s data and results.

RESULTS
General Characteristics

An observational, descriptive, non-experimental, cross-
sectional, comparative study of 20 preterm infants was per-
formed. Average post-birth age was 36.5 + 27.6 days, average
gestational age was 31.6 + 3.8 weeks, average weight was
1493.3 + 579.8 grams, and the average Ballard Maturational
Assessment Score was 31.6 + 3.7 weeks. Twelve of the infants
were male, 18 were mixed race, and 17 were from Cali,
Colombia. The mothers’ average age was 25.0 + 7.4 years old.
Ten had had no prenatal monitoring, ten infants were born
as part of multiple births two of which were vaginal and eight
of which were caesarian. Infants were hospitalized because
they were premature and had pathologies such as respiratory
distress syndrome, sepsis and metabolic disorders.

Outpatient Esophageal pH Monitoring

Eleven of the 20 preterm infants (55.0%) had abnormal
esophageal pH measurements (Table 1).

Table 1. Measurements of esophageal pH for eleven outpatient preterm
infants at the Hospital Universitario del Valle (HUV) Evaristo Garcia in
Cali, Colombia

Variable Average Normal values according
(n=11) to Ng et al. (6)

Study duration (hours) 214

Reflux Index (%) 18.1 0.7+1.1

Number of acid episodes 157 76+11.2
Number of acid episodes> 13.7 05+1.1

5 minutes

Longest episode (minutes) 70 46+6.1

Prevalence of gastroesophageal reflux disease found by pH measurements in preterm infants with suggestive symptoms 243



Signs and Symptoms Found in Outpatient Esophageal
pH Monitoring

Residues and heart disease in these infants was associated
with abnormal pH-measurements (Table 2).

Table 2. Signs and symptoms and outpatient esophageal pH
measurements in 20 preterm infants at the Hospital Universitario del
Valle (HUV) Evaristo Garcia in Cali, Colombia

pH measurement
Normal Abnormal p

pH measurement
Normal Abnormal P

Cyanosis Cough
Vi 4 Y
s 5 o203 '8 O ° 085
No 15 7 No 14
Apnea Respiratory distress syndrome
Y 1" Y 1
o 8 ooes o9
No 9 3 No 9 5
Vomiting Regurgitation
Yes 13 6 Yes 8 4
0.303 0.731
No 7 5 No 12 7
Gastric residuals Abdominal distension
Yes 10 3 Yes 3 1
0.024 0.85
No 10 8 No 17 10
Drooling Necrotizing enterocolitis
Yes 1 0 Yes 1 1
0.281 0.38
No 19 1" No 19 10
Failure to gain weight Irritability
Yes 1 1 1 Yes 1 1 038
No 19 10 No 19 10 ’
Cardiopathy Sepsis
Yes 3 3 0.001 Yes 10 5 0673
No 17 8 ' No 10 6 '
Use of aminophylline Use of antibiotics
Yes 8 5 0.605 Yes 18 9 0196
No 12 6 ' No 2 2 '
DISCUSSION

The use of pH-measurement including multichannel intra-
luminal impedance is relatively common for investigation of
gastroesophageal reflux disease (GERD) in preterm infants
(preterm infants). It is performed on between 24.0% (8)
and 32.0% of the patients in neonatal care units. (9) Some
authors believe that the validity of GERD diagnostic tests,
including pH monitoring, cannot be estimated on the basis
of current knowledge. They argue for clinical trials to deter-
mine the usefulness of these and other tests. (10-12).
According to the current Practical Clinical Guidelines for
Pediatric Gastroesophageal Reflux of the North American
Society of Pediatric Gastroenterology, Hepatology and
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Nutrition (NASPGHAN) and the European Society for
Pediatric Gastroenterology Hepatology and Nutrition
(ESPGHAN), when pHm cannot be done with MII, other
pHm methods should be used to correlate persistent symp-
toms with acid gastroesophageal reflux events. (2) This
study uses pHm, which detects more episodes of reflux
than does MII according to Rossor et al. (13)

Prevalence of GERD in Preterm Infants

More than half of the preterm infants studied in the
Newborn Intensive Care Unit ofthe HUV of Cali, Colombia
had abnormal pH. These data are very similar to those des-
cribed by Di Fiore et al. (14) who reported that 59.0% of
their study participants had GERD diagnosed by pHm. The
percentage diagnosed with GERD in our study was greater
than the percentages identified Sivalingam et al., Rossor et
al. and of Funderburk et al. who found of 30.0%, 21.0%,
and 10.0% respectively using MIL (13, 15 16)

Prevalence variability could be the result of different
techniques and different interpretations of results used to
diagnose GERD. Other factors that could account for these
variations include sociodemographic characteristics and
differences in postnatal and/or gestational ages from one
study to another. This implies a need for greater standar-
dization in subsequent analyses. Similarly, results may be
influenced by the total number of preterm infants studied.
A small sample is likely to have a higher prevalence since
the population analyzed is suspected of having GERD.

Signs and Symptoms Associated
with GERD in Preterm Infants

Few studies mention associations between symptoms
and GERD which is why indices have been used to inter-
pret MII/pHm for diagnosis of GERD in neonates.
Nevertheless, a study by Barriga Rivera et al. of neonates
with cardio-respiratory symptoms has failed to demons-
trate that the symptom index (IS), the symptom sensitivity
index (ISS) and the probability of association of symptoms
(PAS) are useful for this purpose. (17) The relationship
between GERD and cardiorespiratory events in neonates
is controversial. (18) In our results, children with heart
disease without respiratory symptoms had abnormal pH
more often than did children without heart disease (p
<0.05). These data are similar to those found by Qureshi et
al. (19). They found that 6.1% of cardiorespiratory symp-
toms during sleep were associated with events diagnosed as
GERD using MII/pHm and concurrent polysomnography.

In this study, there were no preterm infants with appa-
rently life-threatening events, but Macchini et al. reported
them in 80.0% of the children diagnosed with GERD by
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pHm. (20) Although GERD and apnea occur frequently in
preterm infants as shown by Rossor et al.,, (21) we found
no association between GERD and apnea. Gastric residue
was found in a statistically significant percentage of the
infants with abnormal pH in our study, but more observa-
tion of the feeding of these infants is required to identify
other possible confounders. Although we did not take into
account whether preterm infants were stimulated by non-
nutritive sucking, a cross-sectional study of preterm infants
by Corvaglia et al. has suggested that it is reasonable to use
pacifiers with these neonates since their use had no effects
on acid and non-acid GER evaluated by MIL. (22)

Causality between reflux events and abnormal signs in
preterm infants is limited. Given clinical suspicion of GERD
in preterm infants, diagnostic procedures such as MII/pHm
should be performed. (23) Nevertheless, Salvatore et al. have
found poor correlation between parental reports of GERD
symptoms, pHm results, and endoscopic evidence of GERD.
(24) According to a study by De Rose et al,, (25) MII/
pHm not only plays a diagnostic role for preterm infants,
it also offers prognostic value in terms of duration of drug
treatment. In this therapeutic sense, Loots et al. (26) mana-
ged to demonstrate that administration of proton pump inhi-
bitors, either omeprazole at 1 mg/kg/day or esomeprazole
at 0.5 mg/kg/day for 2 weeks, improves the integrity of the
esophageal mucosa in infants between 0 and 6 months of age
who have been diagnosed with GERD by MII/pHm.

Weaknesses of this study include those associated with
the type of feeding and with gastric residue of preterm
infants fed by nasogastric tube in terms of quantification,
volume, children with or without nasogastric tube, whether
gastric residues were present or absent, and whether the
infants were prone or supine. The use of a nasogastric tube
can be a confusing factor as well as a risk factor for increa-
sed episodes of GERD while episodes of GERD in prone
position are minor.

In conclusion, the prevalence of GERD diagnosed by pH
monitoring in preterm infants in this study was relatively
high compared to results found in the world’s literature.
No clear associations with the symptoms analyzed, except
for heart disease and gastric waste, were found. Finally,
we were unable to analyze these associations due to lack
of knowledge in terms of quantification, volume, and pre-
sence or absence of nasogastric tubes and positions. This
emphasizes the need for further studies to determine pos-
sible associations and appropriate management of GERD.
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