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Abstract Gastroesophageal reflux is one of the most
common reasons for referrals to paediatricians or paediatric
gastroenterologists. Gastric acid-buffering agents, mucosal
surface barriers and gastric anti-secretory agents are the
main groups of medications currently used for treating
gastroesophageal reflux disease (GERD) in children.
Recently, the use of proton pump inhibitors (PPIs) for the
treatment of GERD in children has increased considerably.
Their effectiveness in healing erosive oesophagitis in
paediatric subjects and in improving GERD symptoms has
been established in many studies. However, the effective-
ness in other clinical conditions and the long-term safety of
PPIs for paediatric GERD have not been fully established
yet and thus are still under debate. Therefore, the aim of
this article is to provide a comparative review of the effi-
cacy, safety and tolerability of PPIs in paediatric GERD.
The available data suggest that short-term use of PPIs is
well tolerated. Adverse events tend to be of a mild-to-
moderate nature, with headache being the most frequently
reported treatment-related adverse event. However, further
well-designed trials and observational studies are still
needed to clarify the efficacy and safety of PPIs in the
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paediatric population, especially in infants under the age of
12 months.

Key Points

Proton pump inhibitors (PPIs) are not effective in
reducing gastroesophageal reflux disease (GERD)
symptoms in infants.

Use of PPIs in the treatment of GERD symptoms and
in healing of erosive disease has been well
documented in both children and adolescents.

Although PPIs seem to be well tolerated during
short-term use, the evidence supporting their long-
term safety is lacking.

1 Introduction

Gastroesophageal reflux is a common but usually self-lim-
iting and non-pathological condition of young infants.
Gastroesophageal reflux disease (GERD) refers to persistent
reflux caused by pathological factors and resulting in sig-
nificant symptoms. Patients may present with oesophagitis,
bleeding, nutritional failure or respiratory problems [1]. The
aim of GERD therapy is to reduce gastric reflux, relieve
symptoms, manage complications and prevent recurrence.
The treatment algorithm is a stepwise process; it begins with
lifestyle modifications, and pharmacotherapy is introduced
later if conservative management is not effective. Although
various drugs can be used to reduce acidity, stimulate
oesophageal peristalsis and preserve the oesophageal
mucosa, gastric acid-buffering agents, mucosal surface
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barriers and gastric anti-secretory agents are the most fre-
quently prescribed treatments in these indications [2].

Proton pump inhibitors (PPIs; omeprazole, esomeprazole,
lansoprazole, dexlansoprazole, pantoprazole, rabeprazole)
inhibit gastric acid secretion through selective blockade of
the gastric parietal cell HTK" adenosine triphosphatase
(ATPase; also referred to as the proton pump), an enzyme
that is involved in the last step of acid secretion in gastric
parietal cells. The prevalence of peptic acid diseases has
greatly increased in both adults and children, and thus the use
of PPIs has widely expanded during recent decades [1]. As a
result, PPIs have became one of the most frequently pre-
scribed medications for treating both adults and children [3].

Effectiveness of PPIs in the treatment of peptic condi-
tions, such as gastric ulcers, GERD and Helicobacter pylori
infections, has been shown in paediatrics, but there is still a
lack of long-term safety data in children older than 1 year
[4-6]. Although there have been studies in populations of
neonates and infants to identify the doses that inhibit acid
production, the efficacy of PPIs in the treatment of GERD
has not been established in these groups, except for the
recent approval of esomeprazole treatment for erosive
oesophagitis in infants. PPIs are generally well tolerated in
the paediatric population [7]. However, their certain short-
comings, such as increased susceptibility to acute gastro-
enteritis and community-acquired pneumonia [8],
respiratory infections [9], gastric polyps [10] and bacterial
overgrowth [11], have been reported. Therefore, although
PPIs are widely considered the most effective acid-sup-
pressive therapy for adults with GERD [12], their efficacy
and safety profiles in the paediatric population are less clear.

PPIs are frequently used without any specific diagnostic
testing in infants and children. Therefore, correct indica-
tions for the use of PPIs in these groups need to be
established, with respect to the specific nature of their
pharmacodynamics, pharmacokinetics and bioavailability
in paediatrics. The aim of this article is to review the
current literature on the efficacy, safety and tolerability of
various PPIs in infants and children with GERD.

The indications for PPI use in children, according to
Romano et al. [13], are as follows: healing of acute erosive
oesophagitis; maintenance of remission in patients with
erosive oesophagitis; and symptomatic relief of non-erosive
reflux disease, nocturnal acid secretion and relevant reflux,
and supra-oesophageal symptoms of GERD. Only the first
indication (acute erosive oesophagitis) refers to infants.

2 Systematic Review of the Efficacy of PPIs in Children
with GERD

In 2011, a systematic review of the efficacy of PPIs in
children with GERD was published in Pediatrics [14]. The
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report included 12 studies conducted in Europe, Australia
and North America; ten of them were randomized controlled
trials (RCTs) and two were crossover trials. A total of 895
participants (aged 0—17 years) were enrolled. The studies
included in this systematic review were subdivided on the
basis of the age of the investigated population (infants:
0-1 years old; children: 1-13 years old; and adolescents;
13-18 years old) because of the different presentations of
GERD symptoms in these categories and, therefore, possible
differences in efficacy. The review demonstrated that PPIs
are not effective in reducing GERD symptoms in infants,
and it emphasized the lack of placebo-controlled trials in
older children. Moreover, the review indicated that although
PPIs seem to be well tolerated during short-term use, the
evidence supporting their safety is lacking [14].

3 Literature Review

We searched Medline, PubMed, the Cochrane Database of
Systematic Reviews electronic database and the Cochrane
Controlled Trials Register for systematic reviews, RCTs
and crossover studies from inception to December 2013.
The key words used to describe the study population were
‘proton-pump inhibitors’ (Medical Subject Headings
[MESH] and all fields); ‘gastroesophageal reflux’ (MESH
and all fields); ‘extraesophageal symptoms’, ‘GERD’,
‘esophagitis’ (MESH and all fields); ‘infant’ (MESH and
all fields); ‘child’ (MESH and all fields); and ‘adolescent’
(MESH and all fields). No language restriction was applied.
The reference lists of reviews and included studies were
searched by hand to identify additional studies.

3.1 Study Selection

The inclusion criteria were as follows: (1) the study was a
systematic review, RCT or crossover study; (2) the study
population consisted of children aged 0-18 years with
GERD and/or oesophagitis; (3) one of the aims of the study
was to evaluate the efficacy, adverse effects, tolerability,
safety and/or cost-effectiveness of PPI therapy or patient
satisfaction, decrease in GERD symptom score, or change
in number of acid reflux episodes and/or reflux index with
PPI use; (4) the intervention consisted of PPIs and was
compared with placebo, no treatment or alternative treat-
ment; and (5) the outcome measure was ‘treatment success’
as determined by the authors of the studies. Studies with
asthmatic patients, mentally retarded children, children
with cystic fibrosis, children with eosinophilic oesophagi-
tis, children who had undergone surgical therapy or chil-
dren who had previous use of any other therapy besides
PPIs (such as histamine H2 receptor antagonists, antacids
and/or prokinetics) were excluded. All potentially relevant
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studies and the studies for which the abstracts did not
provide sufficient information for inclusion or exclusion
were retrieved as full articles.

4 Pharmacokinetics of PPIs in Paediatrics

Although they are similar in structure, the various PPIs differ
in terms of their metabolism. They are metabolized by the
hepatic cytochrome P450 (CYP) enzymatic system, espe-
cially by the CYP2C19 enzyme. As the expression of
CYP2C19 has been demonstrated to be under genetic control
[15], the pharmacokinetics and pharmacodynamics of PPIs
depend on the CYP2CI19 genotype status. Compared with
individuals who represent a rapid extensive metabolizer
(RM) phenotype for CYP2C19, poor metabolizers (PMs)
have substantially greater exposure (increased plasma con-
centrations) from a therapeutic dose of a PPI. Therefore, the
differences in PPI biotransformation associated with poly-
morphism of drug-metabolizing enzymes contribute to spe-
cific disposition characteristics in paediatric patients.

4.1 Pharmacokinetics in Infants

Previous studies have revealed that neonates display
reduced metabolic capacity and clearance of both ome-
prazole and lansoprazole [16]. Moreover, immaturity of
drug-metabolizing CYP2C19 and CYP3A4 enzyme path-
ways has been reported in both pre-term infants and full-
term neonates [17, 18], which may account for the greater
systemic exposure to PPIs in this population than in older
children [19-21]. Since determination of the pharmaco-
dynamic response to PPIs in infants with GERD is crucial
to select the appropriate dose for their efficacy, Kierkus
et al. [22] analysed the pharmacodynamics and safety of
pantoprazole in neonates, pre-term infants and infants aged
1-11 months with a clinical diagnosis of GERD. In these
two open-label studies, neonates and pre-term infants
(study 1: ~1.2 mg/kg, i.e. high dose), and 1- to 11-month-
old infants (study 2: ~0.6 mg/kg, ie. low dose, or
~1.2 mg/kg, i.e. high dose) received pantoprazole once
daily [22]. Twenty-four-hour dual-electrode pH-metry
parameters were compared between pre-dose and steady
state (=5 days), using a two-sided paired ¢ test. The treat-
ment was administered for <6 weeks. The authors dem-
onstrated that a high dose of pantoprazole improved pH-
metric parameters after >5 consecutive daily doses and
was generally well tolerated for <6 weeks.

4.2 Pharmacokinetics in Children and Adolescents

Unlike infants, children aged 1-6 years presented with
increased metabolic capacity. Andersson et al. [23]

examined the dose, safety, efficacy and tolerability of
orally administered omeprazole in children with erosive
oesophagitis and pathological acid reflux. The pharmaco-
kinetics of omeprazole showed a trend towards higher
metabolic capacity with decreasing age, being highest at
1-6 years of age. This may explain the need for an
increased weight-adjusted dose of PPIs in this age group. In
a study conducted in 12- to 16-year-old adolescents, the
pharmacokinetic properties of rabeprazole were similar to
those reported for adults [24].

5 PPI Use in Infants

The number of PPIs prescribed for infants has significantly
increased in recent years, despite the absence of evidence
for acid-related disorders [1, 25]. Although some trials on
various PPIs in infants aged <1 year included pre-term
infants and newborns (aged 0—1 month) [26-29], no PPI is
approved for treatment of non-erosive GERD in children
younger than 1 year of age.

First of all, there are only sparse data on the normal range
of serum gastrin levels in infants. While it has been dem-
onstrated that the mean fasting gastrin level in adults with
GERD was higher than that in healthy controls [30]. Treem
et al. [31] assessed normal and proton pump inhibitor-med-
iated gastrin levels in 1- to 11-month-old infants. The authors
demonstrated that gastrin levels in treatment-naive infants
were elevated through 8 months of age. However, they
declined to the median level within the upper limit of the
normal adult range (<100 ng/L) between 8 and 12 months of
age. Moreover, the study showed that previous exposure to
acid-suppressive medications and short-term exposure to
rabeprazole significantly increased gastrin levels in infants
younger than 1 year [31]. These findings are consistent with
the outcomes of PPI efficacy studies in infants. A double-
blind placebo-controlled trial of omeprazole in irritable
infants with oesophagitis or a reflux index >5 % found no
difference in the duration of crying between the experimental
and placebo arms, despite highly effective acid suppression
in the omeprazole-treated group [32]. Another trial, a large
double-blind study of 162 infants randomized to receive
4 weeks of placebo or lansoprazole, revealed an identical
54 % response rate in each group, using >50 % reduction of
measures of feeding-related symptoms (crying, irritability,
arching and other parameters of the Infant Gastroesophageal
Reflux Questionnaire [ GERQ] as an endpoint [27]. Similar
results have also been demonstrated in studies of the use of
pantoprazole and esomeprazole in infants [33-35]. Although
an improvement of symptoms during the open-label run-in
period was reported, no statistically significant difference
between the PPI and placebo groups was noted during the
withdrawal phase [33-35].
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The available evidence does not support empirical use of
acid-suppressing medications in infants with unexplained
crying, irritability or sleep disturbance [36]. This may be
explained by the infants’ immaturity and/or physiological
reflux, which does not need pharmacological therapy and
improves with time. Many children with clinically diag-
nosed GERD may have physiological reflux and do not
need any pharmacotherapy at all. Springer et al. [28] ana-
lysed the effect of lansoprazole in infants and pre-term
infants with GERD symptoms, and reported similar profiles
of changes in pH-metry parameters and gastric pH in both
the treated and placebo groups. Omari et al. [36] studied
the effect of omeprazole on pH-metry parameters and
symptoms in ten pre-term infants enrolled on the basis of
symptoms and a reflux index >5 %. The patients received
treatment with either omeprazole or placebo for 7 days
each in a crossover fashion. The authors reported no
improvement in symptoms despite normalization of the
reflux index, which only confirmed the dissociation
between oesophageal pH-metry and symptoms [36].
Hussain et al. [37] studied the efficacy and safety of rab-
eprazole in 1- to 11-month-old infants with symptomatic
GERD that was resistant to conservative therapy and/or
previous exposure to acid-suppressive medications. A total
of 344 participants were enrolled in a 1- to 3-week open-
label phase and received rabeprazole (10 mg/day). Fol-
lowing caregiver-rated clinical improvement during the
open-label phase, patients were randomized to receive
placebo, rabeprazole 5 mg or rabeprazole 10 mg in the
ensuing 5-week double-blind withdrawal phase. The fol-
lowing endpoints were analysed: frequency of regurgita-
tion; weight-for-age Z scores; and daily and weekly GERD
symptom scores. The authors concluded that the
improvements in symptoms and weight were similar in all
three analysed treatment arms [37].

In view of the aforementioned evidence, the problem
with the use of PPIs in infants may stem from difficulties in
accurate quantification of the symptoms presented by this
group of patients, as well as from the confirmation of the
relation between symptoms and reflux of gastric contents
into the oesophagus. Moreover, the symptoms may be non-
specific and unrelated to reflux disease, but they may
develop secondarily to functional conditions without
organic pathology (so-called happy spitters) [38] or sec-
ondarily to allergy to cow’s milk [39]. These clinical
conditions provide no indication for PPI use in infants.

6 PPI Use in Children and Adolescents
Contrary to the indications in infants, the indications for

PPI use in children are clearer. Since high efficacy of PPIs
in the treatment of GERD symptoms and healing of erosive
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disease has been well documented both in adults and in
children [12], these drugs are indicated for treatment of
GERD in patients of all ages beyond infancy. Other clinical
indications for use of PPIs include peptic ulcer disease and
related complications, such as gastrointestinal bleeding,
Helicobacter pylori infection and Barrett’s oesophagus
[40]. The most important indication for use of PPIs is
treatment of erosive oesophagitis, re-named according to
the new classification by Sherman et al. [41] as ‘typical
erosive reflux syndrome’, a specific condition in children
under 8 years of age. In adolescents (children aged
13-18 years) the indications for use of PPIs are similar to
those in adults, and non-erosive GERD is the most com-
mon reason for their prescription.

The optimum dosage regimen for most PPIs, except for
rabeprazole, is for them to be taken 15-30 min before
breakfast. Rabeprazole can be taken with or without food.
Since abrupt discontinuation of treatment with a PPI may
result in acid rebound and resultant precipitation of
symptoms in some patients, anti-secretory therapy should
be discontinued slowly [42, 43]. A systematic review [14],
including 12 studies on the effectiveness and safety of PPIs
in children with GERD, has identified four trials in which
these agents were more effective for gastric acidity than
placebo, alginic acids or ranitidine. In three of the studies,
PPIs did not differ from ranitidine or alginic acids in
reducing histological aberrations. Furthermore, six trials
documented no differences in treatment-related adverse
events (compared with placebo or a different PPI dosage)
[14]. Haddad et al. [44] evaluated the efficacy and safety of
rabeprazole in 1- to 11-year-old children with endoscopi-
cally/histologically proven GERD in a multicentre, double-
blind, parallel-group study. The children were randomized
to receive a 0.5 or 1.0 mg/kg rabeprazole granule formu-
lation for 12 weeks, with further dose determination by
weight. The study revealed that rabeprazole is effective and
safe in 1- to 1l-year-old children with GERD [44]. A
recent study by the same group [45] has additionally
determined the efficacy and safety of maintenance therapy
with rabeprazole in 1- to 11-year-old children with endo-
scopically proven GERD. Healing was maintained in 90 %
of the children (100 % of the low-weight cohort, 89 % of
the 10 mg high-weight cohort and 85 % of the 20 mg high-
weight cohort) [45].

Table 1 summarizes a number of available trials and
efficacy data for each PPI separately.

7 Safety of PPIs in Infants

A total of five placebo-controlled studies analysed the
efficacy and/or safety of PPIs (lansoprazole [27, 46],
omeprazole [32, 36] and pantoprazole [29]) in infants with
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Table 1 Number of available trials and efficacy data for each proton
pump inhibitor (PPI) separately

PPI Number of studies Efficacy
Infants

Omeprazole 1 No difference®
Rabeprazole 1 No difference®
Esomeprazole 1 No difference®
Lansoprazole 2 No difference®
Pantoprazole 0

Children

Omeprazole Effective®
Rabeprazole Effective®
Esomeprazole No difference®

Lansoprazole Effective®

No= = NN

Pantoprazole No difference®

* Symptom decrease/reduction in reflux index compared with pla-
cebo/other anti-reflux drug

GERD aged under 12 months. A multicentre, double-blind,
randomized, placebo-controlled trial [27] documented at
least one treatment-emergent adverse event in 62 % of
lansoprazole-treated infants with GERD and in 46 % of
placebo recipients (p = 0.058). Serious adverse events,
mainly lower respiratory tract infections, occurred in 12
infants and were significantly more frequent in the lan-
soprazole group than in the placebo group (10 versus 2,
p = 0.032) [27].

Esomeprazole has already been approved by the US
Food and Drug Administration for use in infants
1-12 months of age. In an 8-week, multicentre, random-
ized, uncontrolled, double-blind study by Gilger et al. [47]
to evaluate the safety, tolerability and symptom
improvement with once-daily esomeprazole in children
aged from infancy to 11 years with endoscopically proven
GERD, all doses of esomeprazole were well tolerated. The
most common adverse events judged by the investigator as
being treatment related were diarrhoea, somnolence and
headache. In total, 82 patients (75.9 %) had 311 adverse
events, regardless of causality. The most common adverse
events were vomiting, pyrexia and diarrhoea. A total of 13
treatment-related adverse events, as judged by the inves-
tigator, were reported by 10 patients (9.3 %). There were
no deaths. Two patients who received esomeprazole
10 mg (one child in each weight stratum) experienced
serious adverse events (vomiting) during the treatment
period. One patient who weighed >20 kg and received
esomeprazole 20 mg had a serious adverse event during
the screening endoscopy (airway complication of anaes-
thesia). No serious adverse events were considered by the
investigator to be related to treatment. A total of three
patients discontinued participation in the study because of

adverse events: one patient who weighed <20 kg and
received esomeprazole 10 mg experienced vomiting and
hypertension (which were judged by the investigator as
not related to the study medication); and two patients who
weighed >20 kg and received esomeprazole 10 mg
experienced erythema multiforme, urticaria and eye
swelling (which were judged by the investigator as not
related to the study medication); and asthenia, nausea and
symptoms of viral infection (which were judged by the
investigator as possibly related to the study medication),
respectively. The adverse events that were judged by the
investigator as being possibly related to the treatment and
resulted in study discontinuation (i.e. asthenia, nausea and
symptoms of viral infection) resolved within 1 day of
onset, after administration of the study drug was stopped.
No clinically important changes in any clinical laboratory
values, urinalysis, vital signs or physical examination were
reported [47]. In a placebo-controlled treatment-with-
drawal study by Winter et al. [29], assessing the efficacy
and safety of pantoprazole delayed-release granules for
oral suspension in infants aged 1-11 months with symp-
tomatic GERD, adverse events leading to discontinuation
during the open-label phase were diarrhoea in one patient,
excessive crying in one patient and worsening of ‘GERD
symptoms’ in two patients. During the double-blind phase,
one patient discontinued participation in the study because
of sleep problems. Eight patients had one or two serious
adverse events during the study, of which five occurred
during treatment with pantoprazole. All serious adverse
events were considered unrelated to the treatment by the
investigators. Treatment-emergent adverse events reported
in >5 % of patients during the open-label phase were
upper respiratory infection in 25 patients (19.5 %), fever
and diarrhoea in 13 patients (10.2 %) each; otitis media in
12 patients (9.4 %); rhinitis in 11 patients (8.6 %); contact
dermatitis/cutaneous moniliasis (diaper rash) in 10 patients
(7.8 %); and vomiting, oral moniliasis and cough
increased in 7 patients (5.5 %) each. The events were mild
or moderate in severity, as assessed by the investigators,
with the exception of two severe adverse events (gastro-
enteritis and failure to thrive). During the double-blind
phase, upper respiratory infection was the most commonly
reported treatment-emergent adverse event in each treat-
ment group, occurring in seven patients (13.0 %) in each
group. All events were mild or moderate in severity; no
between-group differences were noted in the incidence and
severity of adverse events during this phase [29]. In the
study by Khoshoo et al. [46] evaluating clinical response
to two dosing regimens of lansoprazole in infants with
GERD, the authors concluded that both treatment regi-
mens were well tolerated, and there were no clinical
adverse reactions.

A\ Adis



314

J. Kierkus et al.

8 Safety of PPIs in Children and Adolescents

Five well-designed studies analysed the efficacy and safety
of esomeprazole [14], lansoprazole [48], omeprazole [49,
50] and pantoprazole [51] in children with GERD. All
studies revealed that the PPIs were as effective as the
treatments administered in the control arms and signifi-
cantly reduced GERD symptoms in all of the groups. Mild-
to-moderate adverse events, headache (n = 6) and diar-
rhoea (n = 3) were documented in two studies [10, 14].
Another open-label, single- and multiple-dose study of the
pharmacokinetic and safety profile of rabeprazole sodium
tablets in children and adolescents with GERD reported
headache and nausea (16.7 and 8.3 %, respectively) as the
most frequent adverse events, with no significant differ-
ences between the dose groups [45]. Haddad et al. [45, 46]
analysed the efficacy and safety of 12-week therapy and
maintenance therapy with rabeprazole in 1- to 11-year-old
children and reported a 63 % overall incidence of treat-
ment-emergent adverse events. The most commonly
reported (>10 %) adverse events included cough and
vomiting (14 % each), abdominal pain (12 %) and diar-
rhoea (11 %) with 12-week therapy, and upper respiratory
tract infections (13 %) and vomiting (11 %) with mainte-
nance treatment [45, 46].

Two studies analysed the efficacy of esomeprazole [52]
and pantoprazole [53] in 12- to 17-year-old adolescents
with GERD. In a multicentre, randomized, double-blind
study comparing 20 and 40 mg of pantoprazole, this agent
turned out to be safe, well tolerated and effective in
reducing symptoms of GERD in 12- to 16-year-old ado-
lescents, irrespective of the dose [53]. Gold et al. [52]
assessed the safety of esomeprazole (20 or 40 mg once
daily) in adolescents with clinically confirmed GERD and
documented treatment-related and non-treatment-related
adverse events in 75 % and 78 % of patients in the
esomeprazole 20 mg and 40 mg groups, respectively.
Twenty-two patients (14.9 %) experienced adverse events
that were considered to be related to the treatment; the
most common were headache (8 %, 12/148), abdominal
pain (3 %, 4/148), nausea (2 %, 3/148) and diarrhoea (2 %,
3/148). No serious adverse events or clinically important
findings in other safety assessments were observed [52].

The most important safety issues are tabulated in
Table 2.

9 Conclusions
The available data suggest that short-term use of PPIs is
well tolerated in both infants and children older than

1 year. Adverse events tend to be of a mild-to-moderate
nature, with headache being the most frequently reported
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Table 2 The most important safety issues for each proton pump
inhibitor (PPI) according to age group

PPI Important safety issue Age group
Lansoprazole Lower respiratory Infants
tract infections
Esomeprazole Diarrhoea Infants
Pantoprazole Diarrhoea Infants
Pantoprazole Upper respiratory tract Infants
infections
Rabeprazole Vomiting Children
(1-11 years old)
Rabeprazole Abdominal pain Children
(1-11 years old)
Rabeprazole Diarrhoea Children

(1-11 years old)

Esomeprazole Abdominal pain Adolescents

Esomeprazole Adolescents

treatment-related adverse event in older children and ado-
lescents. However, emerging evidence suggests that these
widely prescribed medications may not be as benign as
previously believed. Therefore, further well-designed trials
and observational studies are needed to clarify the efficacy
and safety of PPIs in the paediatric population, especially
in infants under 12 months of age [13].
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