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Abstract: Gastroesophageal reflux is a common condition in the pediatric population, with an 

increasing incidence in the last few years. It can be defined as an effortless retrograde movement 

of gastric contents into the esophagus related to complex multifactorial pathogenesis, involving 

anatomical, hormonal, environmental, and genetic factors. In some cases, it may be associated 

with esophageal or extraesophageal symptoms (heartburn and regurgitation), and is defined as 

gastroesophageal reflux disease (GERD). The therapeutic approach to gastroesophageal reflux 

in infants and children is often conservative, including changes in lifestyle (eg, posture and 

thickening of meals). If these children remain symptomatic after lifestyle changes (nutrition, 

feeding, and positional modification), or present with clinical red flags (poor weight gain, 

recurrent respiratory symptoms, or hematemesis) and complications of GERD (esophagitis, 

bleeding, stricture, Barrett’s esophagus, or adenocarcinoma) it may be necessary to set up a 

proper diagnostic protocol. Proton pump inhibitors have been recommended as the most effec-

tive acid suppression therapy for adults and pediatric patients. Esomeprazole, the S-isomer of 

omeprazole, is the only single-isomer proton pump inhibitor available. The paper assesses the 

safety and tolerability of esomeprazole in pediatric and adolescent patients.
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Introduction
Gastroesophageal reflux is the most common esophageal disease in the pediatric age 

group, with an incidence of around 15%–20% in the first year of life. Gastroesophageal 

reflux is an effortless retrograde movement of gastric contents into the esophagus. 

Gastroesophageal reflux disease (GERD) in pediatric patients is present when reflux of 

gastric contents is the cause of troublesome symptoms and/or complications. In adults, 

the approach adopted in the Montreal definition of GERD, has been to use a patient-

centered, symptom-based definition, which in children can present several caveats.1

Clinical symptoms of GERD
In children, the definition of when symptoms become troublesome is complicated by 

several factors, especially in infants and children younger than 8 years of age, and 

symptoms reported by surrogates (parents or caregivers) may decrease the validity 

of the diagnosis.2 Heartburn and regurgitation are typical symptoms of GERD, and 

the same is true for older children. Otherwise, healthy newborns (aged 1–30 days) 

and infants (aged .30 days to one year) with reflux symptoms (food refusal, crying, 

regurgitation) that are not troublesome and are without complications should not be 

diagnosed with GERD. In infants, normal regurgitation and normal crying, or  abnormal 
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crying due to causes other than GERD, may be mistaken 

for GERD. Both the North American Society for  Pediatric 

 Gastroenterology, Hepatology, and Nutrition and the 

 European Society of Pediatric Gastroenterology,  Hepatology, 

and Nutrition recommend using clinical symptoms for diag-

nosing and evaluating treatment of uncomplicated GERD in 

infants,3,4 and have developed and validated an instrument 

for assessment of GERD-related symptoms in this age group. 

The Infant Gastroesophageal Reflux Questionnaire (I-GERQ) 

was designed and validated as an instrument to obtain base-

line clinical information and as a diagnostic questionnaire. 

It was validated for diagnosis of GERD in children aged 

1–14 months by using abnormal pH probe studies and/or 

abnormal esophageal biopsies as gold standards. The use 

of a symptom-based questionnaire, ie, I-GERQ-Revised 

(I-GERQ-R) can be considered a valid method for evalu-

ating the entity of gastroesophageal reflux symptoms in 

infants.5 In pediatric patients, esophageal complications of 

GERD include reflux esophagitis, hemorrhage, stricture, and 

 Barrett’s esophagus. Erosive esophagitis occurs in more than 

one third of pediatric age patients if GERD-promoting dis-

orders, such as neurological impairment, esophageal atresia, 

or Down syndrome, are present.6,7

Proton pump inhibitors in GERD
Symptoms of gastroesophageal reflux in infants are often 

related to immaturity and physiologic reflux, which does not 

need pharmacologic therapy, but improve with time as the 

infant matures, and with changes in lifestyle (eg, more solid 

food and postural habits), education, and reassurance for 

the parents. Available evidence does not support an empiric 

trial of acid suppression in infants with unexplained crying, 

irritability, or sleep disturbance,8 and medical therapy can be 

confined to altering the viscosity of the feeds with alginate, 

or altering the motility of the gut with  domperidone. Proton 

pump inhibitors are the mainstays in treating acid-related 

disease. Since the introduction of omeprazole in 1989, 

other proton pump inhibitors have become available, such 

as lansoprazole in 1995, pantoprazole in 1997, rabeprazole 

in 1999, and esomeprazole, the S-enantiomer of omeprazole, 

in 2001.

Proton pump inhibitors selectively and irreversibly inhibit 

gastric H+/K+ATPase (the proton pump) that accomplishes 

the final step in acid secretion. All proton pump inhibi-

tors inhibit both basal and stimulated secretion of gastric 

acid, independent of the nature of parietal  stimulation.9 

Proton pump inhibitors undergo extensive hepatic 

metabolism by the cytochrome P450 (CYP) system, and 

CYP2C19  polymorphisms have been shown to influence the 

 pharmacokinetics, pharmacodynamics, and clinical outcome 

of proton pump inhibitors substantially.10 In addition, pharma-

cokinetic and pharmacodynamic differences between proton 

pump inhibitors are reflected in their influence on both speed 

and gastric acid suppression, which subsequently may affect 

clinical efficacy. Although proton pump inhibitors are more 

efficient than H2 receptor antagonists, for many years the 

latter (especially ranitidine) were used in children.11  Proton 

pump inhibitors are drugs of first choice for peptic ulcers 

and GERD, with an excellent safety profile and nonspecific 

adverse events.12 Proton pump inhibitors are currently on the 

market in Europe and the US for the adult population, but 

only omeprazole and esomeprazole have been licensed for 

use in children (ie, children aged $2 years).13 Lansoprazole 

is recommended by the British National Formulary for chil-

dren only when treatment with the available formulations of 

omeprazole is unsuitable.14 The US Food and Drug Admin-

istration has approved esomeprazole magnesium (Figure 1) 

for short-term and long-term use in children aged 1–11 years 

with GERD, in two forms, ie, a delayed-release capsule and 

granular sachets. The dosage schedule is 10 or 20 mg/day 

for children aged 1–11 years and 20 or 40 mg/day for those 

aged 12–17 years.15

Esomeprazole, introduced in 2001, is the S-isomer of 

omeprazole and the first such inhibitor to be developed as 

a single isomer. It has higher metabolic stability, resulting 

in better and more consistent bioavailability compared with 

the racemate, omeprazole.10 Esomeprazole is metabolized 

more slowly than omeprazole, resulting in an increase in 

the area under the plasma concentration-time curve that 

provides more effective control of gastric acid secretion 

even after only a single dose.16 In adults, some trials have 

compared esomeprazole 40 mg with omeprazole 20 mg 

and lansoprazole 30 mg, with evidence that esomeprazole 

is superior for symptom relief and healing in patients with 

erosive esophagitis. Röhss et al17 reported that esomepra-

zole 40 mg once daily demonstrated a significantly greater 
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Figure 1 Structural formula of esomeprazole, S-isomer of omeprazole.
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mean  percentage over the 24-hour period with intragastric 

pH . 4 as compared with omeprazole 40 mg once daily. 

 Esomeprazole has been shown to provide better acid control 

in adults than other proton pump inhibitors,18 and is also 

more effective at healing esophagitis.19

As in the adult population, proton pump inhibitors are 

 rapidly absorbed in children following oral administration, 

with the mean time to maximum plasma concentration 

varying from 1–3 hours.20 Proton pump inhibitors are more 

effective than H2 receptor antagonists for healing and relief of 

GERD symptoms. Both medications are more effective than 

placebo. Most children require a daily dose of a proton pump 

inhibitor to obtain symptomatic relief and heal esophagitis.

Esomeprazole in GERD
Gunasekaran et al21 evaluated the efficacy of  esomeprazole 

in adolescents with GERD after an 8-week trial in an 

international randomized study. The burden of illness was 

measured by a disease-specific health-related quality of 

life  instrument, Quality of Life in Reflux and Dyspepsia 

questionnaire (QOLRAD, a questionnaire previously vali-

dated in adults, which examines emotional distress, sleep 

disturbance, food/drink problems, vitality, and physical/social 

functioning). Baseline QOLRAD scores showed significant 

improvement in health-related quality of life from baseline 

values after esomeprazole therapy.

A recent international, multicenter, randomized, parallel-

group, double-blind study in children aged 1–11 years with 

erosive esophagitis confirmed that, after 8 weeks of treatment 

with esomeprazole once daily (0.2–1.0 mg/kg), there was 

 significant healing of macroscopic and histological esophagi-

tis (89% versus 13% in placebo group, P , 0.01).22

Zhao et al,23 in a randomized, open-label study, assessed 

the overall exposure, other pharmacokinetic properties, 

and tolerability of esomeprazole magnesium after repeated 

oral doses of 5, 10, and 20 mg in pediatric patients who 

had symptoms of GERD. For this 5-day study, children in 

the younger age group were randomly assigned to receive 

one esomeprazole 5 mg or 10 mg capsule, and those in the 

older age group were randomly assigned to receive one 

esomeprazole 10 mg or 20 mg capsule. Plasma concentra-

tions of esomeprazole were measured using reverse-phase 

liquid chromatography and mass spectrometric detection. 

Tolerability assessments were performed by reviewing the 

number and severity of adverse events. The results of this 

small study suggest that, in children aged 1–11 years with 

GERD, the pharmacokinetic properties of esomeprazole may 

be both dose-dependent and age-dependent, and that younger 

children might have more rapid metabolism of esomeprazole 

per kilogram of body weight compared with older children. 

Esomeprazole was well tolerated at doses of 5, 10, and 20 mg 

in the pediatric patients studied.

Gilger et al24 have evaluated the safety, tolerability, and 

efficacy of symptom improvement using esomeprazole 

in a multicenter, randomized, uncontrolled, double-blind 

study in 1–11-year-old children with erosive esophagitis, 

stratified by weight, who received esomeprazole 5 or 10 mg 

(children ,20 kg), or 10 or 20 mg. In total, 9.3% of patients 

reported 13 treatment-related adverse events, of which 

the most common was diarrhea. Parent rating of GERD 

 symptoms of heartburn, acid regurgitation, and epigastric 

pain showed that 91.4% had lower scores by the final visit. 

In conclusion, esomeprazole was well tolerated and safe in 

this age group, and symptoms from baseline were signifi-

cantly reduced.

Gold et al25 in a multicenter, randomized, double-blind 

study assessed the safety of esomeprazole 20 or 40 mg once 

daily in adolescents with clinically diagnosed GERD, with 

the secondary aim of assessing changes in GERD symptoms. 

Twenty-two patients (14.9%) experienced adverse events that 

were considered related to treatment; the most common were 

headache (8%, 12/148), abdominal pain (3%, 4/148), nausea 

(2%, 3/148), and diarrhea (2%, 3/148). Symptom scores 

decreased significantly in both the esomeprazole 20 mg and 

40 mg groups by the final study week (P , 0.0001). This 

study has confirmed the significant efficacy and good toler-

ance of esomeprazole in a pediatric population. Because 

of the relative paucity of clinical trial data for the pediatric 

population, it is possible to underline (Table 1) that:

•	 esomeprazole, the S-isomer of omeprazole, has been 

evaluated in the management of GERD in children aged 

1–11 years and adolescents aged 12–17 years

•	 in an 8-week, randomized, double-blind, multicenter 

trial, a significant improvement from baseline in parent-

rated GERD symptom scores was seen in children aged 

1–11 years with endoscopically proven GERD, stratified 

to receive oral esomeprazole 5 or 10 mg (in those weigh-

ing ,20 kg), or 10 or 20 mg (in those weighing $20 kg) 

once daily; a substudy demonstrated improved or healed 

Table 1 Efficacy of esomeprazole in pediatric GERD

It has been evaluated in the management of GERD in children
It improved or healed erosive esophagitis in the majority of children
40 mg once daily is more efficacious than 20 mg
It is a safe therapy in the short to medium term (4–8 weeks)

Abbreviation: GERD, gastroesophageal reflux disease.
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erosive esophagitis in the majority of children following 

esomeprazole therapy

•	 children treated with 40 mg once daily had lower symptom 

scores and a numerically shorter median time to sustained 

symptom resolution than those in the 20 mg group

•	 esomeprazole was generally well tolerated in children 

with GERD aged 1–11 years and adolescents aged 

12–17 years, according to the results of well designed, 

short-term trials.

More studies are needed to determine better the effective 

duration of  therapy, and according to which criteria proton pump 

inhibitors should be discontinued. Moreover, it is important 

that further research be undertaken to  characterize what can be 

considered the natural history of GERD and factors correlated 

with the risk of complications. Hassall et al in a retrospective 

cohort study investigated children who had received proton 

pump inhibitor therapy continuously for more than 9 months, 

concluding that proton pump inhibitors are efficacious and 

safe in the long term, with significant symptomatic improve-

ment, noting a very low incidence of adverse reactions.26

The long-term use of proton pump inhibitors may be safe 

in pediatric patients,27 even if some adverse events have been 

reported, such as diarrhea, drowsiness,25 an increased inci-

dence of Clostridium difficile infection,28 an increased risk of 

acute gastroenteritis and community-acquired pneumonia,29 

effects on vitamin B12 and vitamin C, altered absorption 

of non-heme iron,30 risk of hip fracture,31 increased serum 

levels of gastrin and enterochromaffin-like cells, and atrophic 

gastritis. Some studies have demonstrated minor degrees of 

enterochromaffin-like hyperplasia, without a risk of develop-

ing atrophic gastritis or carcinoid tumors, in a high percent-

age of children (61%) receiving a long-term proton pump 

inhibitor continuously for up to 10.8 (median 2.84) years.32,33 

Significantly higher urinary N- nitrosamine excretion has 

been demonstrated in the adult population, indicating a risk 

of increased  endogenous N- nitrosamine formation during 

long-term omeprazole treatment.34

The safety and tolerability of acid-suppressive agents 

in pediatric patients is an important concern for physicians 

and parents alike. The major indications for use of proton 

pump inhibitors can be considered to be healing of acute 

erosive esophagitis, maintaining remission in patients with 

erosive esophagitis, symptomatic relief of nonerosive reflux 

disease, nocturnal acid secretion and relevant reflux, and 

supraesophageal symptoms of GERD.35 In pediatric popula-

tions, especially in infants, in recent years, there has been 

a remarkable increase in the use of proton pump inhibitors. 

In a retrospective study, Barron et al36 found that the 

 prevalence of use of proton pump inhibitors increased 4-fold 

from 2000 to 2003, with a suggested 7.5-fold increase from 

1999 to 2004 for infants younger than 12 months. It is 

 necessary to adhere to the correct indications for use of proton 

pump inhibitors, especially in the pediatric population.

Conclusion
The efficacy of proton pump inhibitors has been demonstrated 

in a pediatric population with GERD-related symptoms and 

conditions. Esomeprazole has been shown to provide good 

therapeutic effects, with clinical superiority to intragastric 

pH control and symptom relief. Several trials have demon-

strated the safety and tolerability of esomeprazole in children 

and adolescents.
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