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ABSTRACT: Gastroesophageal reflux (GER) is a common physiologic process in infants that often resolves with growth and
maturation, while gastroesophageal reflux disease (GERD) is a serious and common referral disease in infants and neonates. The
first-line treatment for both GER and GERD is conservative therapy. H2RAs and PPIs are the two basic pharmacologic agents in the
treatment of GERD in pediatrics and adults. The efficacy of PPIs is higher than that of H2RAs in GERD treatment. There are
controversies in the pharmacologic treatment of neonatal GERD, and performing more clinical trials to survey the effect of PPIs
and H2RAs and compare them with each other is necessary in this age group. We conducted three different clinical trials to
compare the efficacy and safety of ranitidine with omeprazole or lansoprazole in refractory neonatal GERD.
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1. INTRODUCTION

GER involves the retrograde passage of gastric contents into the esophagus and pharynx with or without regurgitation and/or
vomiting [1-4]. GER is a common physiologic process in infants that often resolves with growth and maturation [1]. It occurs in 60—
70% of healthy infants during the first 4 months of life and often resolves with maturation by 12-14 months of age [4, 5]. When
GER becomes bothersome and is accompanied by other symptoms such as frequent vomiting, failure to thrive, severe arching,
irritability, poor oral feeding, signs of esophagitis or hematemesis, or respiratory symptoms, it is defined as GERD [6]. The
prevalence of GERD changes from 8.5% to 10-20% from Eastern Asia to Western Europe and North America [7, 8]. The hazards
that increase the occurrence rate of GERD include prematurity, neurologic upsets, some drugs like sedatives and muscle relaxants,
a positive history of GERD in the family, and gastrointestinal abnormalities [9]. The main aims of infantile GERD treatment are
preserving the clinical response, promoting suitable growth, and preventing recurrence and complications [10].

2. TREATMENT
2.1. Parental reassurance
As the nature of GER is benign and self-limiting, parental reassurance is the mainstay of treatment for infantile GER.

2.2. Conservative therapy

The first-line treatment in both GER and GERD is conservative therapy, including lifestyle changes (not wearing tight clothes,
changing diapers before feeding, prohibiting the use of drugs that increase the occurrence rate of GER, feeding slowly in patients
with nasogastric tubes, and avoiding passive smoking), in addition to anti-GER diet (low volume and more divided feeding,
thickened formula, or thickening of expressed breast milk with cereal), and position guidelines [9, 11].

2.3. Pharmacotherapy
Pharmacotherapy is not recommended for physiologic GER unless GERD is evident. It is recommended when more severe GERD is
refractory to conservative therapy [9]. The first-line medication is acid suppression therapy [12, 13].

2.3.1. Acid-suppressants

PPIs and H2 receptor antagonists increase gastric pH and inhibit acid reflux, which can induce injuries in the esophageal mucosa.
[12, 13]. PPIs inactivate H+/K+-ATPase in the gastric parietal cells’ canaliculi and inhibit gastric acid production, reduce the volume
of gastric secretion, and make gastric emptying easier [14]. As PPIs have a longer duration of action, fewer side effects, and a higher
prohibition of meal-induced acid secretion, they are superior to H2RAs [15, 16]. PPIs are preferred to H2RAs in reducing GERD
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symptoms in adults [17]. Despite the lack of published data about the efficacy of acid suppressants and increasing worries about
their complications, oral PPIs have been increasingly used in infantile (under one year of age) GERD [18, 19]. In recent guidelines,
a 4-week trial of a PPl or H2RA for infants with symptoms such as unexplained feeding difficulties, bizarre behavior, and unsuitable
weight gain, along with significant regurgitation, has been suggested [9]. There is no documented data that supports the efficacy
of acid-suppressants in the treatment of neonatal GERD [20]. Neonatal GERD is still difficult trouble to define and manage, and
more studies are needed for clinical diagnosis and management [21].

PPIs have fewer therapeutic discontinuations and diversions in the first month of management. [18]. A “step-up” protocol of acid
suppression usage was the past viewpoint of infantile GERD therapy, in which ranitidine was administered as the first acid
suppressant. If there was no response despite the prescription of high-dose ranitidine, it was switched to PPIs [22]. An updated
review has recommended pharmacotherapy for the treatment of severe pediatric GERD refractory to conservative therapy, and
PPIs have been advised over H2-receptor antagonists because of their higher efficacy [23]. Recent studies have found that either
acid reflux or nonacid reflux may induce the clinical features of neonatal GERD [24].

2.3.2. Prokinetics

These drugs are another group of pharmacologic agents used in the treatment of GERD. Metoclopramide is among the prokinetics.
Whenever it is received for a prolonged period of time or in a high dose, the side effects, including irritability, drowsiness, oculogyric
crisis, dystonic reaction, apnea, and emesis in infants may appear [25]. Domperidone and cisapride are prohibited from being used
in the USA because they induce probable cardiac arrhythmia [26, 27]. Macrolides are among the prokinetics and may also induce
cardiac arrhythmia in long-term treatment [28]. It seems that metoclopramide can be a safe prokinetic if it is administered in a
low-dose quota over a short period of time. It is the reason why we prescribed metoclopramide in our trials.

2.4, Surgical intervention
Fundoplication is generally advised for infants with severe GERD who are refractory to maximal medical therapy [16].

3. THE COMPARISON OF THE SAFETY AND EFFICACY OF PPIS WITH H2RAS IN NEONATAL GERD
According to our research in the literature, PubMed, and Google Scholar, few clinical trials have compared the efficacy and safety
of PPIs with H2RAs in pediatric GERD and very few in neonatal GERD.

4. CURRENT CLINICAL TRIALS COMPARING THE SAFETY AND EFFICACY OF PPIS WITH H2RAS IN NEONATAL GERD

We performed three clinical trials and administered H2RAs and PPIs in neonatal GERD. We also compared the safety and efficacy
of H2Ras with PPIs in these patients. In our studies, other diagnoses were ruled out regarding the clinical manifestations and
examination of the patients, lab tests, sonography, etc. The highly positive response to our interventions emphasized the diagnosis
of GERD in each patient too. Each patient had already been managed by conservative therapy or conservative therapy plus
monotherapy for three to five days, according to a balance of danger and advantages between the intensity of clinical symptoms
and the cure rate. The patients with the diagnosis of protein milk allergy were excluded from our studies. The clinical trials
performed included [ 29-31]:

1.In our first double-blind trial study, 116 term neonates (mean age 10.53 + 8.17 days; girls 50.9%) who were diagnosed with
refractory GERD in the neonatal ward of Bahrami Children’s Hospital (during 2013- 2015) were randomly administered either “oral
ranitidine plus metoclopramide” or “oral omeprazole plus metoclopramide”. The Research Ethics Committee of Tehran University
of Medical Sciences accepted the protocol of this survey (IR. TUMS.1393.110 code). The informed consent form was filled out by
the parents or guardians of the participants before the intervention. The response rate was 75.43 + 23.24% in the “ranitidine plus
metoclopramide” group versus 93.74 + 7.28% in the “omeprazole plus metoclopramide” group after one week and one month of
intervention. There were no side effects in either group after one week or one month of intervention.

This clinical trial showed that therapy with “ranitidine or omeprazole plus metoclopramide” led to a response rate of > 70%, but it
was remarkably better (> 90) in the “omeprazole plus metoclopramide” group [ 29].

2. In our second randomized double-blind clinical trial, fifty-eight preterm neonates hospitalized in neonatal wards and neonatal
intensive care units (NICUs) of Bahrami Children’s Hospital and Shariati Hospital (during 2014-2016) with a clinical diagnosis of
refractory GERD, were randomly administered either “oral ranitidine plus metoclopramide “or “oral omeprazole plus
metoclopramide”. The Research Ethics Committee of Tehran University of Medical Science approved the protocol of this survey
(IRTUMS.REC.1395.2766), and the Iranian Registry of Clinical Trials accepted the registry of this clinical trial
(IRCT2016030226876N1). Consent was obtained from the parents or guardians of participants before the intervention. The
response rate was 77.06 £ 3.38 % in the “ranitidine plus metoclopramide” group versus 91.37 = 7.5% in the “omeprazole plus
metoclopramide” group after one week of intervention. We found no drug-related side effects in either group in this trial.
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This clinical trial showed that therapy with the “ranitidine or omeprazole plus metoclopramide” led to a response rate of >70%
after one week of intervention in each group, but the response rate was remarkably better (> 90%) in the “omeprazole plus
metoclopramide” group [30].

3.In our third randomized double-blind clinical trial, 120 term neonates (mean age 10:91 % 7:17 days; girls 54.63%) with the
diagnosis of refractory GERD to conservative and monotherapy admitted to Bahrami Children Hospital (during 2017-2019) were
randomly administered “ranitidine plus metoclopramide” or “lansoprazole plus metoclopramide”. The Research Ethics Committee
of Tehran University of Medical Science accepted the protocol of this study (IR TUMS.MEDICINE.REC.1396.3714), and the Iranian
Registry of Clinical Trials approved the registry of this clinical trial (RCT20160827029535N3). The parents or guardians of all infants
filled out the written informed consent form before the study. The diagnosis of GERD was established due to the I-GERQ-R clinical
scoring, which consists of twelve items. The range of total scoring in the final version of the IGERQ-R is from 0 to 42, with a cut
point of > 15 scores [20]. We gathered the alterations in symptoms and signs after one week and one month of intervention. In
the end, fifty-four neonates in each group completed the study, and their data were analyzed. In this study, the clinical response
rate increased in “lansoprazole plus metoclopramide” group and the scoring rate decreased to 7.44 + 3.86 score after one week,
and 2.41 + 3.06 score after one month of intervention. The clinical response rate also increased in the “ranitidine plus
metoclopramide” group as the scoring rate decreased to 9.3+4.57 after one week and 4.5+4.12 score after one month of
intervention. We did not find any drug-related adverse effects in either group during interventions.

This clinical trial showed that therapy with “ranitidine or lansoprazole plus metoclopramide” led to a response rate of >50% and
>70% in each group after one week and one month of intervention, respectively, but it was significantly higher in the PPI group
(lansoprazole) (88:47 + 13:18%) [31].

5. CONCLUSIONS

Generally, in all three trials, the response rate was significant in both groups of H2RA and PPIs after one week and one month of
intervention, but it was significantly higher in the PPIs group. The first and second studies showed that omeprazole induced a
significantly higher response rate in comparison with ranitidine in the treatment of GERD in preterm and term neonates. In the
third study, lansoprazole also had a higher response rate in comparison with the H2RA group, which was significant in the treatment
of GERD in term neonates.

LIMITATIONS

As far as our knowledge, few clinical trials have administered H2Ras or PPIs in neonatal GERD. There are also very few clinical trials
that have compared the efficacy and safety of PPIs with H2RAs in neonatal GERD. Further studies with more participants and longer
follow-ups are recommended to administer PPls or H2RAs to this age group and compare the effects of these agents with each
other, and their side effects.

INNOVATIONS AND BREAKTHROUGHS

The novelty of this study includes:

1. Administering of H2RAs and PPIs in neonatal GERD.

2. Comparing the safety and efficacy of H2Ras with PPIs in neonatal GERD.
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