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Abstract

Background: Gastroesophageal reflux disease (GERD) is one of the most 
common problems in neonates. The main clinical manifestations of neonatal 
GERD are frequent regurgitation or vomiting associated with irritability, 
crying, anorexia or feeding refusal, failure to thrive, arching of the back and 
sleep disturbance.

Aims: As no study has compared metoclopramide plus ranitidine with 
metoclopramide plus omeprazole in the management of neonatal GERD 
resistant to conservative and monotherapy, this study was carried out.

Study design: This study was a randomized clinical trial of term neonates 
with GERD resistant to conservative and monotherapy admitted to the neonatal 
ward of Bahrami Children Hospital during 2013-2015. Totally, 116 term 
neonates (mean age 10.53 ± 8.17 days; girls 50.9%) were randomly assigned 
to a double blind trial with either oral omeprazole plus metoclopramide 
(group A) or oral ranitidine plus metoclopramide (group B). The changes of 
the symptoms and signs were recorded after one week and one month.

Results: There was no significant difference in demographic and baseline 
characteristics between the two groups. The response rate of “omeprazole 
plus metoclopramide” was significantly higher than “ranitidine plus 
metoclopramide” (93.74% ± 7.28% vs. 75.43% ± 23.24%, p = 0.028). All 
clinical manifestations recovered significantly in group A while the response 
rate of irritability and wheezing was not significant in group B (primary 
outcome). There were no side effects in either group after one week and one 
month of treatment (secondary outcome).

Conclusions: The response rate was > 70% in each group, but it was 
significantly higher in group A (> 90%). Combination of each acid 
suppressant with metoclopramide led to higher response rate in comparison 
with monotherapy used before intervention.
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Introduction

Gastro-esophageal reflux (GER), defined as 
retrograde passage of gastric contents into the 
esophagus, is a normal physiological process 
occurring daily in at least 40% of infants [1, 2]. 
It is most commonly observed during the first 4 
months of life. It is being reported in two-thirds 
of healthy infants and the prevalence decreases 
gradually to reach one-third in the second 4-month 
period and almost 4% after the age of 1 year [3].

Conversely, gastro-esophageal reflux disease 
(GERD), with a prevalence ranging from 8.5% 
in Eastern Asia to 10-20% in Western Europe 
and North America, is one of the most common 
reasons for referrals to pediatricians or pediatric 
gastroenterologists. It refers to troublesome 
symptoms or conditions (e.g. frequent vomiting, 
poor weight gain, irritability and respiratory 
symptoms) which complicate the physiologic GER 
[1, 4]. The main clinical manifestations of neonatal 
GERD are frequent regurgitation or vomiting 
associated with irritability, crying, anorexia or 
feeding refusal, failure to thrive, arching of the 
back and sleep disturbance. It may be associated 
with respiratory symptoms such as coughing, 
chocking, wheezing or upper respiratory tract 
symptoms [5]. Factors such as prematurity, positive 
family history of GERD, neurological impairment, 
drugs (e.g. sedatives and muscle relaxants) and 
malformations of gastrointestinal tract are known 
to increase the risk of GERD [2].

The main aims of GERD management in infants 
are to maintain symptomatic relief and adequate 
growth, and to prevent its recurrence and related 
complications [6]. Acid suppressants, including 
Histamine-2 receptor antagonists (H2RAs) 
and proton pump inhibitors (PPIs) have been 
increasingly regarded as the mainstay of GERD 
treatment in pediatrics [1]. According to the recent 
guidelines, it is recommended to consider a 4-week 
trial of a PPI or H2RA for infants who present with 
symptoms such as unexplained feeding difficulties, 
distressed behavior and weight gain difficulties in 
addition to overt regurgitation [2].

PPIs (e.g. omeprazole) act through irreversible 
inactivation of H+/K+-ATPase in the gastric 
parietal cells canaliculi, leading to inhibition of 
gastric acid production, decrease total volume 
of gastric secretion and facilitation of gastric 
emptying [7, 8]. The longer duration of action of 
PPIs, inhibition of meal-induced acid secretion 
and fewer complications have contributed to 
their superiority over H2RAs that decrease acid 
secretion by inhibiting H2 receptors on gastric 
parietal cells [4]. Furthermore, tachyphylaxis may 
develop after repeated administration of H2RAs, 
resulting in a decline in acid suppression [9].

According to a study by Cucchiara, a standard 
dose of omeprazole is comparable with a high 
dose of ranitidine in symptomatic relief and 
healing of esophagitis in children [10]. There 
are still controversies about the management of 
neonatal GERD. To the best of our knowledge, 
few clinical trials have compared the effectiveness 
of PPIs and H2RAs in pediatric GERD, especially 
in neonates and infants [11]. As there is no study 
to compare metoclopramide plus ranitidine with 
metoclopramide plus omeprazole in the management 
of neonatal GERD resistant to conservative therapy 
and monotherapy, this study was carried out.

Methods

In the present double-blind randomized 
controlled trial, we compared the effectiveness of 
metoclopramide + omeprazole and metoclopramide 
+ ranitidine in the management of symptomatic 
neonatal GERD. The number of participants was 
determined by a prospective power analysis, 
assuming a power of at least 80%, a 2-sided alpha 
of 0.05 and a positive treatment response in 84% of 
the metoclopramide + omeprazole group and 63% 
of the metoclopramide + ranitidine group, based on 
the study by Cucchiara et al. [10].
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One hundred and sixteen term neonates, who 
were diagnosed with GERD in neonatal ward 
of Bahrami Children Hospital during 2013-
2015, were enrolled. The study protocol was 
approved by the Research Ethics Committee 
of Tehran University of Medical Sciences  
(IR.TUMS.1393.110 code). Written informed 
consent was obtained from parents or guardians of 
all infants before enrollment.

Subjects

Term neonates, aged < 30 days, with the 
diagnosis of clinical GERD and a response rate of < 
50% to conservative therapy (anti GERD position, 
reduction of the feeding volume while increasing 
the frequency of feedings, use of thickeners and 
hypoallergenic formulas or encouraging mothers 
to use hypoallergenic regimen) and monotherapy 
with metoclopramide, ranitidine or omeprazole 
alone were included in the study. 

The term neonates with any underlying 
condition for GERD (e.g. gastrointestinal 
anomalies, neurological disorders, usage of any 
relaxant or sedative medications) were excluded 
from the study.

The diagnosis was made by the attending 
neonatologist clinically if any term newborn had 
frequent regurgitation or vomiting associated with 
irritability, crying, anorexia or feeding refusal, 
failure to thrive, arching of the back and sleep 
disturbances or symptoms such as coughing, 
chocking, wheezing or upper respiratory tract 
symptoms while other etiologies for the clinical 
presentations such as gastrointestinal obstruction, 
increased intracranial pressure, meningitis, etc. 
were ruled out.

Treatment

A random allocation sequence was generated 
by an independent statistician. Neonates who met 
the inclusion and exclusion criteria were randomly 
assigned (in blocks of two per site) to a double blind 
therapeutic trial with either oral omeprazole (0.5 
mg/kg/dose, twice daily) plus oral metoclopramide 
or oral ranitidine (2 mg/kg/dose, three times daily) 
plus oral metoclopramide. Metoclopramide was 
administered at a dose of 0.15 mg/kg/dose three 
times daily in both groups. 

Before initiation of pharmacotherapy, a 
checklist was filled by the parents/guardians of 
each participant, including demographic data (age, 

gender, birth weight, weight at presentation) and 
symptoms attributed to GERD. After one week of 
treatment, the patients were re-evaluated by the 
same neonatologist who had made the primary 
diagnosis and their post-treatment weight and 
changes in symptoms were recorded.

Changes of GERD-related symptoms and 
signs from baseline to the end of treatment 
were considered as the primary outcome and 
complications of ranitidine, omeprazole and 
metoclopramide were defined as the secondary 
outcome.

Data analysis

Data are presented as mean and standard 
deviation (SD). Post-treatment results were 
compared with baseline data using a two-sided 
paired t test for differences in means and chi-
square test and Fisher’s exact test (two-sided) 
for differences in the percentage of patients’ 
responses to treatment. P-values less than 0.05 
were considered significant.

Results

In this double-blind randomized controlled 
trial, 116 term newborns (mean age: 10.53 ± 8.17 
days, range: 1-29 days, girls: 50.9%) were enrolled. 
The mean birth weight of the study subjects was 
3,057.84 ± 421.76 g, and only 11 (9.4%) of them 
had a birth weight of < 2,500 g. There was a 
positive history of parental GERD in 38 (32.8%) 
cases. All participants were evaluated by the 
attending neonatologist and diagnosed with GERD 
based on the clinical criteria. The neonates were 
randomized to receive metoclopramide + ranitidine 
(n = 58, ranitidine was administered at a dose of 2  
mg/kg/dose three times daily) or metoclopramide + 
omeprazole (n = 58, omeprazole was administered 
at a dose of 0.5 mg/kg/dose twice daily).

There was no significant difference in 
demographic data and baseline characteristics 
between the two groups (Tab. 1). The participants 
of both groups were fed by breast-milk plus rice 
cereal or antireflux formula. The frequency of 
feeding was every two hours.

The most frequent gastrointestinal-related signs 
and symptoms were regurgitation, rumination, and 
vomiting, while the most frequent respiratory-
related signs and symptoms were wheezing, 
coughing, apnea and cyanosis. No cases of hema
temesis, anemia, or stridor were reported (Tab. 2).
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Table 1. Demographic and baseline characteristics of study groups.

Patients’ characteristics Metoclopramide + omeprazole 
(n = 58)

Metoclopramide + ranitidine
(n = 58) p-value

Gender
0.853Girls, n (%) 29 (50%) 30 (51.7%)

Boys, n (%) 29 (50%) 28 (48.3%)
Age, mean ± SD, days 10.2 ± 7.29 10.98 ± 8.6 0.518
Birth weight, mean ± SD, g 3,056.00 ± 410.77 3,059.69 ± 435.95 0.7
Weight at presentation, mean ± SD, g 3,025.86 ± 394.26 3,054.83 ± 438.05 0.888
Mother’s level of education

0.836
Illiterate - 1 (1.7%)
Diploma 41 (70.7%) 42 (72.4%)
Masters and above 17 (29.3%) 15 (25.9%)

Positive family history of GERD, n (%) 19 (32.8%) 19 (32.8%) 1.000

GERD: gastroesophageal reflux disease.

Table 2. GERD-related signs and symptoms before and after one week of intervention (continues on the next page).

Clinical manifestations Metoclopramide + omeprazole
 (n = 58)

Metoclopramide + ranitidine
 (n = 58)

Inter-group b 

p-value
Irritability, n (%)

0.003
Baseline 30 (51.7%) 32 (55.2%)
Post-treatment 4 (6.9%) 15 (25.9%)
Response rate 86.6% 53.1%
Intra-group p-value a 0.002 0.06

Regurgitation, n (%)

0.04
Baseline 54 (93.1%) 53 (91.3%)
Post-treatment 4 (6.9%) 14 (24.1%)
Response rate 92.5% 73.5%
Intra-group p-value a 0.001 0.03

Vomiting, n (%)

0.03
Baseline 40 (68.9%) 42 (72.4%)
Post-treatment 3 (5.2%) 10 (17.2%)
Response rate 92.5% 76.1%
Intra-group p-value a 0.017 0.04

Rumination, n (%)

0.011
Baseline 31 (53.4%) 29 (50%)
Post-treatment 7 (12.06%) 18 (31.0%)
Response rate 77.4% 37.9%
Intra-group p-value a 0.008 0.000

Sleep disturbance, n (%)

0.12
Baseline 1 (1.7%) 3 (5.2%)
Post-treatment 0 (0%) 0 (0%)
Response rate 100% 100%
Intra-group p-value a 0.000 0.000

Failure to thrive, n (%)

0.34
Baseline 3 (5.2%) 3 (5.2%)
Post-treatment 0 (0%) 0 (0%)
Response rate 100% 100%
Intra-group p-value a 0.000 0.000

Coughing, n (%)

0.000
Baseline 10 (17.2%) 4 (6.9%)
Post-treatment 1 (1.7%) 1 (1.7%)
Response rate 90% 75%
Intra-group p-value a 0.017 0.03
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The comparison of baseline and post-treatment 
GERD-associated clinical manifestations cate
gorized by the treatment group are presented in 
Tab. 2. The total response rate following treat
ment with omeprazole plus metoclopramide was 
significant in comparison with ranitidine plus 
metoclopramide (93.74% ± 7.28% vs 75.43% ± 
23.24%, p = 0.028). All clinical manifestations 
improved significantly in omeprazole plus 
metoclopramide group while the response rate of 
irritability and wheezing was not significant in 
the ranitidine plus metoclopramide group (intra-
group comparison). The response rate of failure 
to thrive, sleep disturbance, milk spilling out 
of nose and cyanosis was 100% in both groups, 
so the p-values between these four clinical 
presentations were not significant in two groups 
(inter-group comparison). The response rate after 
one month was the same as the response rate after 
one week in both groups (Tab. 2).

Discussion

The present randomized clinical trial study 
was conducted to compare the effectiveness of 
oral ranitidine plus metoclopramide with oral 

omeprazole plus metoclopramide in the treatment 
of neonatal GERD resistant to conservative therapy 
and monotherapy. To the best of our knowledge, 
few clinical trials have compared the effectiveness 
of PPIs and H2RAs in pediatric GERD, especially 
in neonates and infants [11]. In this study, 116 
subjects were randomly selected, allocating 58 
neonates to each group. This study sample was 
larger than most of the previous studies that were 
performed in 10-50 infants [12-14].

Oral PPIs have been increasingly used in 
children < 12 months of age for treatment of 
GERD during the last few years worldwide. 
According to a cohort study of US infants aged 
0-12 months, PPI prescriptions increased by a 
factor of 7.5 from 1999 to 2004 and PPI initiated 
pediatric patients increased from 31.5% in 1999 to 
62.6% in 2005 [15, 16]. Acting through inhibition 
of gastric acid secretion by blocking the enzyme 
H+/K+-ATPase regardless of the stimulus for 
acid production, PPIs have gained a widespread 
popularity leading to 30% less discontinuation and 
90% less therapy switch in the first month [7, 16, 
17]. Despite the information presented above, PPIs 
have been rarely used in infants and neonates as 
the first-line therapy for treatment of GERD due to 

Clinical manifestations Metoclopramide + omeprazole
 (n = 58)

Metoclopramide + ranitidine
 (n = 58)

Inter-group b 

p-value
Wheezing, n (%)

0.03
Baseline 15 (25.9%) 14 (24.1%)
Post-treatment 1 (1.7%) 8 (13.8%)
Response rate 93.3% 42.8%
Intra-group p-value a 0.005 0.09

Apnea, n (%)

0.000
Baseline 8 (13.8%) 7 (12.1%)
Post-treatment 0 (1.7%) 2 (3.4%)
Response rate 100% 71.4%
Intra-group p-value a 0.000 0.000

Milk spilling out of nose, n (%)

0.15
Baseline 4 (6.9%) 5 (8.6%)
Post-treatment 0 (0%) 0 (0%)
Response rate 100% 100%
Intra-group p-value a 0.000 0.000

Cyanosis, n (%)

0.72
Baseline 8 (13.8%) 7 (12.1%)
Post-treatment 0 (0%) 0 (0%)
Response rate 100% 100%
Intra-group p-value a 0.012 0.006

Overall response rate, mean ± SD 93.74% ± 7.28% 75.43% ± 23.24% 0.028
a Intra-group p-value means p-value between pre- and post-intervention in every group; b inter-group p-value means p-value between two 
groups of intervention. 

Table 2. GERD-related signs and symptoms before and after one week of intervention (continues from the previous page).
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few comparative studies versus H2 blockers. The 
current approach to the management of GERD 
in infants requiring acid suppression treatment is 
“step-up” therapy, which is initiating ranitidine 
at standard dosages and switching to omeprazole 
if the symptoms persist despite administration of 
high dose ranitidine [18].

Recent data have demonstrated that the majority 
of symptoms in neonatal GERD are associated 
either with non-acid reflux or with no reflux at 
all [19]. Although studies have also showed no 
association between GERD and cardiorespiratory 
events, including apnea, bradycardia, and oxygen 
desaturation in preterm infants [20, 21], 75% of 
the neonatologists have reported using GERD 
medications to treat apneas [14].

Several studies have shown that H2RAs/PPIs 
are frequently used in neonates in the USA and even 
continued to discharge, despite a lack of published 
evidence for improved outcomes following their 
administration [22-26] and increasing concerns for 
adverse effects [1, 27, 28].

Slaughter et al. [29] reported that the highest 
frequency of PPI treatment was seen in extremely-
preterm infants and the majority of patients 
remained on treatment at discharge. They also 
showed that H2RAs/PPIs were most often initiated 
for premature infants at a median postmenstrual 
age of 33-34 weeks when they could tolerate near 
normal oral feeding. 

However, the pharmacokinetics of PPIs is 
thought to be age-dependent in the pediatric 
population. A study of the age-dependent phar
macokinetics of lansoprazole in neonates and 
infants indicated that neonates require a lower 
dose to achieve similar plasma exposure [30]. 
According to Bishop et al., omeprazole at a dose 
of 0.7-2.8 mg/kg/day is effective for treatment of 
GERD in children younger than 2 years [31]. In 
the present study, omeprazole was administered at 
a dose of 1 mg/kg/day.

Although the total response rate in each group 
was > 70%, our findings showed that the response 
rate was significantly higher in the omeprazole 
group than the ranitidine group (93.74% ± 7.28% 
vs. 75.43% ± 23.24%, p = 0.028). Treatment 
with omeprazole plus metoclopramide improved 
all clinical manifestations significantly while the 
response rate of irritability and wheezing was not 
significant in the ranitidine plus metoclopramide 
group.

The difference between the results of our 
study and other investigations might be due to 

several factors. First, the response to treatment 
in each group was evaluated by reduction or 
elimination of symptoms and signs, which is in 
contrast to other reports that have used changes in 
clinical manifestations with or without pH and/or 
endoscopic changes as the criteria for effectiveness 
of pharmacological measures. On the other hand, 
only full-term healthy neonates aged < 1 month 
were enrolled in our study. In other words, preterm 
infants, those with disorders predisposing to GERD 
(such as gastrointestinal anomalies, neuromuscular 
diseases, and respiratory distress), and neonates 
admitted to NICU were excluded from the study.

In the present study, a combination of an acid 
suppressant with metoclopramide led to a higher 
response rate in comparison with monotherapy 
used before the intervention. It seems that the 
synergistic effect of an acid suppressant in 
combination with metoclopramide on the lower 
esophageal sphincter led to a higher response 
rate in these patients in comparison with their 
previous treatment, i.e. monotherapy with an acid 
suppressant or prokinetic agent alone.

There is increasing evidence that acid sup
pressants may be harmful in infants and children, 
especially those with immune deficiency or with 
indwelling catheters. They can induce lower 
respiratory tract infections, gastroenteritis, and 
candidal infection [28]. They may also increase 
the risk of necrotizing enterocolitis, nosocomial 
infections, and mortality in premature infants [32, 
33]. According to Kierkus et al. [34], PPIs are 
well tolerated in short-term use and are associated 
with mild to moderate side effects. However, more 
research is needed to determine their efficacy and 
safety in children below one year of age [16]. 

Metoclopramide is an antagonist of the 
dopamine D2 receptor subtype. A systematic 
review of metoclopramide therapy for GERD 
in infants found insufficient evidence for either 
efficacy or safety in this population [35]. Reported 
complications of metoclopramide in infants 
include irritability, drowsiness, oculogyric crisis, 
dystonic reaction, apnea and emesis [35]. On the 
other hand, FDA in 2009 reported that tardive 
dyskinesia is induced with prolonged or high-
dose metoclopramide exposure [36], so tardive 
dyskinesia is rare with short-duration or low-dose 
metoclopramide administration. We observed no 
side effects for medications used in each group.

Similar studies with more participants in this 
age group are required to determine the efficacy of 
combined therapy in neonatal GERD.
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