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REVIEW

INTRODUCTION

Gastroesophageal reflux (GER) is the retrograde passage of 
gastric contents into the esophagus or extraesophageal regions, 
while gastroesophageal reflux disease (GERD) consists of trouble-
some symptoms and/or complications associated to GER(32). GER 
is a physiological process, which is extremely common in infants, 
but it resolves by 12-15 months of age in more than 98% of cases. 
On the other hand, GERD is much less frequent(2). 

Even though the most typical symptoms of GERD are heart-
burn and regurgitation, many other manifestations are attributed 
to it, such as excessive crying and irritability among infants or 
asthma exacerbations. Nevertheless, many authors believe that 
there is no prove of causal relation between acid reflux and these 
manifestations(12,14).
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H2 receptor antagonists in pediatric gastroesophageal reflux disease through a systematic review. Methods – A systematic review was performed, 
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trials, evaluating proton pump inhibitors and/or histamine H2 receptor antagonists for the treatment of pediatric gastroesophageal reflux disease. 
Studies published only as abstracts, studies evaluating only non-clinical outcomes and studies exclusively comparing different doses of  the same 
drug were excluded. Data extraction was performed by independent investigators. The study protocol was registered at PROSPERO platform 
(CRD42016040156). Results – After analyzing 735 retrieved references, 23 studies (1598 randomized patients) were included in the systematic review. 
Eight studies demonstrated that both proton pump inhibitors and histamine H2 receptor antagonists were effective against typical manifestations of 
gastroesophageal reflux disease, and that there was no evidence of benefit in combining the latter to the former or in routinely prescribing long-term 
maintenance treatments. Three studies evaluated the effect of treatments on children with asthma, and neither proton pump inhibitors nor histamine 
H2 receptor antagonists proved to be significantly better than placebo. One study compared different combinations of omeprazole, bethanechol and 
placebo for the treatment of children with cough, and there is no clear definition on the best strategy. Another study demonstrated that omeprazole 
performed better than ranitidine for the treatment of extraesophageal reflux manifestations. Ten studies failed to demonstrate significant benefits of 
proton pump inhibitors or histamine H2 receptor antagonists for the treatment of unspecific manifestations attributed to gastroesophageal reflux in 
infants. Conclusion – Proton pump inhibitors or histamine H2 receptor antagonists may be used to treat children with gastroesophageal reflux disease, 
but not to treat asthma or unspecific symptoms. 
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GER does not require medical treatment in most cases. Dif-
ferently, GERD may need to be medically treated, especially with 
drugs that inhibit acid secretion, such as proton pump inhibitors 
(PPIs) and histamine H2 receptor antagonists (HRAs). However, 
the efficacy of these treatments for many manifestations attributed 
to pediatric GERD is controversial(12). Considering such a contro-
versy, the aim of this study was to evaluate the efficacy of two of 
the most frequently prescribed drug classes for pediatric GERD, 
i.e., PPIs and HRAs, through a systematic review of literature.

METHODS

In order to evaluate the efficacy of  PPIs and HRAs for the 
treatment of  pediatric GERD, we performed a systematic review 
of  randomized-controlled trials. MEDLINE, EMBASE and 
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Cochrane Central Register of  Controlled Trials – CENTRAL  
databases were searched by independent researchers (AZM, 
GMM, BBF). Databases were last searched in June 2016. The 
search was limited to studies published as full-texts in English, 
Portuguese or Spanish. There was no limitation regarding date 
of  publication. The search strategy used for MEDLINE was 
the following: (((((child OR infant))) AND ((((Histamine H2 
Antagonists OR ranitidine OR ranitidine OR cimetidine))) OR 
((Proton Pump Inhibitors OR omeprazole OR pantoprazole 
OR lansoprazole OR esomeprazole OR rabeprazole)))) AND 
Gastroesophageal Reflux) AND (((randomized controlled 
trial[pt] OR controlled clinical trial[pt] OR randomized con-
trolled trials[mh] OR random allocation[mh] OR double-blind 
method[mh] OR single-blind method[mh] OR clinical trial[pt] 
OR clinical trials[mh] OR (“clinical trial”[tw]) OR ((singl*[tw] 
OR doubl*[tw] OR trebl*[tw] OR tripl*[tw]) AND (mask*[tw] 
OR blind*[tw])) OR (“latin square”[tw]) OR placebos[mh] OR 
placebo*[tw] OR random*[tw] OR research design[mh:noexp] 
OR follow-up studies[mh] OR prospective studies[mh] OR 
cross-over studies[mh] OR control*[tw] OR prospective*[tw] OR 
volunteer*[tw]) NOT (animal[mh] NOT human[mh]))). Similar 
search strategies were used for the other databases. Reference lists 
of  the retrieved studies were searched manually.

Retrieved studies were evaluated on the basis of their titles and 
abstracts, and those identified as relevant for the systematic review 
were analyzed on the basis of the full text. Studies were considered 
eligible if  they were randomized-controlled trials, evaluating PPIs 
and/or HRAs for the treatment of pediatric GERD. Studies were 
excluded otherwise. Studies published only as abstracts, studies 
evaluating only non-clinical outcomes and studies exclusively 
comparing different doses of the same drug were also excluded. 

Data extraction was performed by independent investigators 
(AZM, GMM, BBF). A predefined data collection sheet was used. 
Disagreements were resolved by consensus. Authors were contacted 
for clarification of their studies whenever necessary. Quality of the 
evidence was evaluated according to the suggestions of the GRADE 
Working Group(4). Review Manager 5.3 software (The Nordic 
Cochrane Centre, The Cochrane Collaboration, Copenhagen, 
Denmark) was used. The PRISMA statement suggestions were 
followed(19), and the study protocol was registered at PROSPERO 
platform (CRD42016040156).

A meta-analysis was planned to be performed if  clinical hetero-
geneity were not excessive among included studies. Nevertheless, 
considering the widely different treatment strategies, children age 
groups and outcomes evaluated by the included studies, we felt that 
a meta-analysis would be improper. 

RESULTS

The search strategy retrieved 735 references. After analyzing 
titles and abstracts, 707 were excluded for being duplicates or for 
not attending to the eligibility criteria. Twenty-eight references were 
considered for full-text evaluation, after which five studies were also 
excluded, two for not being randomized-controlled trials(2,8), one for 
not evaluating clinical outcomes and analyzing a single-dose of the 
studied treatment(23), one for excluding patients with GERD(18) and 
one for enrolling adult patients instead of children(15). Finally, 23 
studies (1598 randomized patients) were included in this systematic 
review(1,2,5-7,9-12, 14-17,20-22,24-28,30-33). The flowchart for the search strategy 
is shown in Figure 1.

Included studies were divided in those evaluating children 
over 1 year of  age, those evaluating children under 1 year of  age 
and those evaluating children of  all age groups, and their char-
acteristics are shown in Tables 1, 2 and 3 respectively. Regarding 
risk of  bias assessment, despite all studies being randomized-
controlled trials, most of  them were considered to be of  high or 
unclear risk of  bias. There was only one included study which 
was considered to bear low risk of  bias(24). Figure 2 shows the 
risk of  bias assessment.

Studies evaluating children over 1 year of age
Six studies evaluated exclusively children over one year of age. 

Gustafsson et al.(14) compared ranitidine to placebo regarding asthma 
control. A per protocol analysis failed to verify a significant differ-
ence between the study arms concerning asthma symptoms, both in 
patients with GERD diagnosed by pH monitoring or acid perfusion 
test and in patients without GERD according to these tests. Spiro-
metric parameters were also similar between groups, both in patients 
with GERD and in those without pathological GER. 

Borreli et al.(7) evaluated children with moderate reflux es-
ophagitis randomized to receive alginate (group A), lansoprazole 
(group B) or both (group C). In a per protocol analysis, all study 
groups improved symptoms of GERD related to baseline (P<0.01), 
and group C reached a lower symptomatic score (3.0, P<0.05) 
than groups A (4.2) and B (4.3). Similarly, all groups decreased 
the percentage of  esophageal acid exposure related to baseline 
(P<0.01), and group C also performed better (3.8, P<0.05) than 
groups A (6.1) and B (5.5). 

Stordal et al.(28) compared omeprazole and placebo for chil-
dren with asthma and GERD in a per protocol analysis. Changes 
in asthma symptom score were similar between omeprazole and 
placebo-groups (-1.28 vs -1.28, P=1.00). Changes in forced expira-
tory volume in the first second were also similar between study arms 
(-1.38 vs -2.01 for omeprazole and placebo respectively, P=0.77). 
Regarding changes in use of rescue medication, omeprazole and 
placebo also performed similarly (-1.9 vs -1.9, P=0.89).

735 studies retrieved

28 studies evaluated as 
full-text for eligibility

23 studies included

707 studies excluded 
after title/abstract 

analysis

5 studies excluded after 
full-text analysis:

- non-randomized  
studies – 2; 

- studies not evaluating 
clinical outcomes – 1;

- studies excluding patients 
with GERD – 1;

- studies evaluating  
adult patients – 1.

FIGURE 1. Flowchart for the search strategy. The number of retrieved 
studies is shown, as well as the number of included and excluded studies, 
with the reason for exclusion. 
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TABLE 1. Characteristics of studies evaluating children over one year of age

Study Origin Studied population Sample Interventions

Gustafsson, 1992(14) Sweden Children and adolescents with 
9.5-20.8 years, with asthma 
± GERD (mean age of 13.9 
years with GERD and 14.2 
years without GERD)

40  
(37 analyzed)

- Ranitidine 150-300 mg/day 
(according to weight)
- Placebo
Treatments of 4 weeks in each 
phase (crossover study)

Borrelli, 2002(7) Italy Children ≥12 months, 
with moderate GERD 
(diagnosed by clinical 
parameters, endoscopy and pH 
monitoring)

36  
(32 analyzed)

- Alginate
- Lansoprazole 1.5 mg/Kg 
2x/day
- Alginate + lansoprazole 1.5 
mg/Kg 2x/day 
Treatments of 8 weeks

Stordal, 2005(28) Norway Children with 7-16 years, 
with asthma and GERD

38  
(36 analyzed)

- Omeprazole 20 mg/day
- Placebo
Treatments of 12 weeks

Pfefferkorn, 2006(26) United States Children with 1-13 years 
(mean 10.3 years), with reflux 
esophagitis and abnormal 
pH monitoring and with 
nocturnal acid breakthrough 
while on omeprazole

16  
(12 analyzed)

- Omeprazole 1.4 mg/Kg/day 
+ Ranitidine 4 mg/Kg/day
- Omeprazole 1.4 mg/Kg/day 
+ Placebo
Treatments of 14 weeks 
(preceded by 3 weeks of 
omeprazole for all patients)

Boccia, 2007(6) Italy Children with 1-16 years 
(median 105 months), 
with reflux esophagitis, on 
endoscopic remission with 
omeprazole

46 - Omeprazole 0.7 mg/Kg/day
- Ranitidine 10 mg/Kg/day
- No treatment
Treatments of 36 weeks (in 
the first 12 weeks, all patients 
used omeprazole – withdrawal 
study)

Holbrook, 2012(16) United States Children with 6-17 years 
(median 11 years), with 
poorly-controlled asthma, 
without symptoms of GERD

306  
(263 analyzed for 
primary outcome)

- Lansoprazole (15 mg/day if 
<30 Kg, 30 mg/day if ≥30 Kg)
- Placebo
Treatments of 24 weeks

GERD: gastroesphageal reflux disease.
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TABLE 2. Characteristics of studies evaluating children under one year of age

Study Origin Studied population Sample Interventions

Orenstein, 
2003(25)

United States Children with 1.3-10.5 months 
(median of 5.3 months), with 
clinical diagnosis of GERD

27  
(26 analyzed)

- Famotidine 0.5 mg/Kg/day
- Famotidine 1 mg/Kg/day
- Placebo
Treatments of 8 weeks (in the first 4 weeks, all 
patients used famotidine – withdrawal study)

Moore, 
2003(21)

Australia Children with 3-10.2 months 
(median of 4.8 months), with 
irritability or excessive crying and 
abnormal pH monitoring or reflux 
esophagitis

34  
(30 analyzed)

- Omeprazole (10 mg/day if 5-10 Kg or 10 mg 2x/
day if >10 Kg)
- Placebo
Treatments of 2 weeks in each phase (crossover study)

Omari, 
2007(22)

Australia Premature children with 50±9 
days (mean), with symptomatic 
GERD and abnormal pH 
monitoring, unresponsive to 
conservative treatment

10 - Omeprazole 0.7 mg/Kg/day
- Sterile water diluted in antacid
Treatments of 1 week in each phase (crossover study)

Orenstein, 
2009(24)

United States, 
Poland

Children with 28 days to <1 
year, with symptoms attributed 
to GERD, unresponsive to 
conservative treatment

162 - Lansoprazole (0.2-0.3 mg/Kg/day if ≤10 weeks of 
age and 1-1.5 mg/Kg/day if >10 weeks of age)
- Placebo
Treatments up to 4 weeks

Winter, 
2010(33)

United States, 
Poland, South 
Africa, Canada

Children with 28 days to <1 
year (mean 5.1 months), with 
symptomatic GERD, adherent to 
treatment in the open-phase of the 
study

106 - Pantoprazole 1.2 mg/Kg/day
- Placebo
Treatments of 8 weeks (in the first 4 weeks, all 
patients used pantoprazole – withdrawal study)

Winter, 
2012(32)

United States, 
Poland, France, 
Germany

Children with 1-11 months, with 
symptomatic GERD, responsive to 
esomeprazole

80 - Esomeprazole (2.5 mg/day if 3-5 Kg, 5 mg/day if 
>5-7.5 Kg, 10 mg/day if >7.5-12 Kg)
- Placebo
Treatments of 6 weeks (in the first 2 weeks, all 
patients used esomeprazole – withdrawal study)

Davidson, 
2013(12)

Australia, 
Germany, United 
Kingdom

Neonates (mean 48.1 days in 
esomeprazole-group and 46.5 days 
in placebo-group), admitted to 
intensive care unit, with clinical 
diagnosis of GERD

52  
(51 analyzed)

- Esomeprazole 0.5 mg/Kg/day
- Placebo
Treatments of 2 weeks

Hussain, 
2014(17)

Poland, United 
States, Holland, 
South Africa, 
Belgium, 
Hungary, Israel, 
Bulgaria, Italy

Children with 1-11 months, with 
symptomatic GERD, unresponsive 
to conservative treatment 

268 - Rabeprazole 5 mg/day
- Rabeprazole 10 mg/day
- Placebo
Treatments of 5 weeks (preceded by 1-3 weeks 
of rabeprazole in an open-phase of the study – 
withdrawal study)

Loots, 
2014(20)

Australia, 
Holland

Children with ≤6 months, with 
symptomatic GERD, diagnosed 
 by pH-impedance test

57  
(51 analyzed)

- Left side positioning and esomeprazole 1 mg/Kg/day
- Head of cot elevation and esomeprazole 1 mg/Kg/day
- Left side positioning and antacid
- Head of cot elevation and antacid
Treatments of 2 weeks

Azizollahi, 
2016(5)

Iran Children with 2-12 months,  
with symptomatic GERD

60  
(44 analyzed)

- Omeprazole 0.5 mg/Kg/day
- Ranitidine 2-4 mg/Kg/day
Treatments of 2 weeks

GERD: gastroesphageal reflux disease.
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TABLE 3. Characteristics of studies evaluating children of all age groups

Study Origin Studied population Sample Interventions 

Cucchiara, 1984(11) Italy Children with 2-42 months (mean 9 
months), with reflux esophagitis

33  
(29 analyzed)

- Cimetidine 20 mg/Kg/day 
- Antacid
Treatments of 12 weeks

Arguelles-Martin, 1989(2) Spain Children with 3 months to 13 years 
(mean 6.1 years), with reflux esophagitis

75 - Sucralfate (tablets)
- Sucralfate (suspension)
- Cimetidine 20 mg/Kg/day 
Treatments of 4-8 weeks

Cucchiara, 1989(9) Italy Children with 1 month to 14 years (mean 
37.6 months), with moderate or severe 
reflux esophagitis

37  
(32 analyzed)

- Cimetidine 30-40 mg/Kg/day
- Placebo
Treatments of 12 weeks

Cucchiara, 1993(10) Italy Children with 6 months to 13.4 
years, with GERD (diagnosed by pH 
monitoring or endoscopy), unresponsive 
to ranitidine 8 mg/Kg/day and cisapride

32  
(25 analyzed)

- Omeprazole 40 mg/1.73m2/day
- Ranitidine 20 mg/Kg/day
Treatments of 8 weeks

Simeone, 1997(27) Italy Children with 6 months to 8 years 
(median 1.66 years), with reflux 
esophagitis

26  
(24 analyzed)

- Nizatidine 10 mg/Kg 2x/day
- Placebo
Treatments of 8 weeks

Adamko, 2012(1) Canada Children with 3 months to 2 years 
(median 9 months), with cough related 
to GERD (cough or wheeze + vomits or 
rumination + abnormal pH monitoring 
or gastric emptying scan)

22  
(19 analyzed)

- Omeprazole (5 mg 2x/day if 5-7.5 Kg, 
10 mg 2x/day if 7.5-12.5 Kg, 15 mg 
2x/day if 12.5-17.5 Kg, 20 mg 2x/day if 
>17.5 Kg) + bethanechol
- Omeprazole (see doses above) + 
placebo
- Bethanechol + placebo
-Double-placebo
Treatments of 4 weeks

Ummarino, 2012(30) Italy Children with 1-181 months (mean 40.6 
months), with GERD (diagnosed by 
impedance-pH test) and extraesophageal 
symptoms

35 - Omeprazole 1.4 mg/Kg/day
- Ranitidine 15 mg/Kg/day
Treatments of 12 weeks

GERD: gastroesphageal reflux disease.
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Pfefferkorn et al.(26) evaluated children with nocturnal acid 
breakthrough while using omeprazole. The authors compared 
associating ranitidine or placebo to omeprazole in a per protocol 
analysis. There was no significant difference between study arms 
regarding symptoms (P=0.11), endoscopic findings (P=0.71) and 
histological findings (P=0.32). On pH monitoring test, 75% of 
patients of each group remained with nocturnal acid breakthrough 
despite any of the interventions (P>0.05), which was attributed by 
the authors to tachyphylaxis.

Boccia et al.(6) studied children with GERD, under endoscopic 
remission with omeprazole, and evaluated maintenance treatment 
with omeprazole, ranitidine or no maintenance treatment at all (the 
study did not use placebo). In an intention-to-treat analysis, there 
was no significant difference among the three groups regarding 
endoscopic remission (only one patient, belonging to the control 
group, did not maintain remission). Similarly, there was no sig-
nificant difference among groups regarding symptomatic control.

Holbrook et al.(16) evaluated children with poorly controlled 
asthma without clear symptoms of  GERD. Lansoprazole was 
compared to placebo in a per protocol analysis. Regarding changes 
in Asthma Control Questionnaire, lansoprazole performed similarly 
to placebo (1.1 vs 1.0, P>0.05). Concerning spirometric parameters, 
such as forced expiratory volume in the first second, lansoprazole 
and placebo also performed similarly (2.2L vs 2.3L, P>0.05). On 
the other hand, patients using lansoprazole had significantly more 
adverse effects than placebo: upper respiratory infections (63% vs 
49%, P=0.02), sore throat (52% vs 39%, P=0.02), bronchitis (7% 
vs 2%, P=0.04). In this study, 42.6% of patients with interpretable 
esophageal pH monitoring test had pathologic GER, and study 
results did not significantly change in this subgroup of patients.

Studies evaluating children under 1 year of age
Ten studies evaluated exclusively children under 1 year of age. 

Orenstein et al.(25) evaluated children with clinical diagnosis of 
GERD and compared famotidine to placebo in a per protocol 
analysis. This withdrawal-study had two phases. In the first phase, 
all patients were randomized to receive two different doses of 
famotidine. In the second phase, four weeks later, patients were 
randomized to maintain the active drug, in the same dose used 
during the first phase of the study, or to change it to placebo. At 
the end of the study, there was no significant difference among the 
three groups of patients regarding crying, regurgitation frequency 
or volume, global assessment and growth. Three patients rand-
omized to receive famotidine 0.5 mg/Kg, two patients randomized 
to famotidine 1 mg/Kg and three patients randomized to placebo 
discontinued their treatment due to ineffectiveness. An important 
limitation of the study was that some patients received a marketed 
formulation of famotidine irrespective of the randomization be-
cause of an interaction between famotidine and the vehicle used 
to dilute it for the study.

Moore et al.(21) evaluated children who presented with irritability 
or excessive crying and who had GERD diagnosed by pH monitor-
ing or by endoscopy with biopsies. The authors of this crossover 
trial performed a per protocol analysis, comparing omeprazole and 
placebo. The reflux index improved more among omeprazole users 
than among placebo users (-8.9% vs -1.9%, P<0.001). Nevertheless, 
this improvement did not reflect on clinical outcomes, which were 
similar between omeprazole and placebo users: crying time (191 
minutes/day vs 201 minutes/day, P=0.400), visual analogue scale 
of infant irritability (5.0 vs 5.9, P=0.214). 

Omari et al.(22) evaluated premature infants with GERD who 
were not responsive to conservative treatment. They were ran-
domized to receive omeprazole or sterile water as placebo in a 
crossover study. While using omeprazole, reflux index was greater 
than 5% in 30% of  patients. On the other hand, when receiving 
sterile water, reflux index was greater than 5% in 80% of  cases. 
The percentage of time with esophageal pH inferior to 4 was 4.9% 
while using omeprazole and 19.0% while using placebo (P<0.01). 
On the other hand, there were no statistical differences between 
omeprazole and placebo regarding symptoms (P>0.05 for all 
comparisons): number of  events of  vomiting (6.5 vs 8.5), number 
of  events of  apnea (1.0 vs 0.4), number of  events of  bradycardia 
(6.5 vs 7.5), number of  events of  behavioral changes (16.5 vs 
17.0). A limitation of  the study was that both omeprazole and 
placebo were diluted in an antacid, which might be considered a 
confounding factor.

In another study by Orenstein et al.(24), children with GERD 
symptoms resistant to conservative treatment were randomized 
to receive lansoprazole or placebo in an intention-to-treat analy-
sis. The response rate was 54% for both of the groups (P>0.05). 
Discontinuation of treatment due to inefficacy occurred in 35% 
of  lansoprazole users and in 36% of  placebo users (P>0.05). 
There were also no statistical differences between lansoprazole 
and placebo regarding symptomatic reduction (P>0.05 for all 
comparisons): percentage of  feedings followed by crying (-20% 
vs -20%), percentage of feedings followed by regurgitation (-14% 
vs -11%), percentage of  feedings interrupted prematurely (-7%  
vs -8%), percentage of  weekly days with feed refusal (-14%  
vs -10%), percentage of  weekly days with arching back (-20%  
vs -18%), percentage of weekly days with coughing (0% vs -9%), 
percentage of weekly days with wheezing (-5% vs -6%), percentage 
of weekly days with hoarseness (2% vs -5%), improvement of global 
assessment according to parents (56% vs 51%), improvement of 
global assessment according to physicians (55% vs 49%). On the 
other hand, severe adverse effects were more common with lanso-
prazole (12%) than with placebo (2%, P=0.032).

Winter et al.(33) studied children with symptomatic GERD in 
an intention-to-treat analysis, comparing pantoprazole to placebo. 
In this withdrawal trial, all patients used pantoprazol during four 
weeks before the double-blind phase, when children were rand-
omized to continue receiving the active drug or to receive placebo 
during four more weeks. Patients who were non-adherent to treat-
ment during the open phase of the study were excluded. During 
the double-blind phase, six patients from each group discontinued 
therapy due to inefficacy (P>0.05). Antacid use was necessary 
in 39.1% of  patients using pantoprazole and in 32.6% of  those  
receiving placebo (P>0.05).

In another withdrawal study by Winter et al.(32), children with 
symptomatic GERD with good clinical response to esomeprazole 
in the open-phase of  the study were randomized to maintain the 
active drug or to change it to placebo in an intention-to-treat 
analysis. Discontinuation of  the randomized treatment due to 
symptom worsening occurred in 38.5% of  patients using esome-
prazole and in 48.8% of  those receiving placebo (hazard ratio 
of  0.69, P=0.28). Regarding parent-reported symptom severity 
score, there were no significant differences between esomeprazole 
and placebo (P>0.05 for all comparisons): vomiting/regurgitation 
(0.04 vs 0.09), irritability (0.06 vs 0.19), feeding difficulties (0.09 
vs 0.10), supraesophageal/respiratory disturbances (0.12 vs 0.03). 
Concerning physician global symptomatic assessment, symptoms 
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of  patients using esomeprazole and placebo were considered, 
respectively, absent in 10.3% and 4.9%, mild in 51.3% and 48.8%, 
moderate in 25.6% and 31.7% and severe in 12.8% and 14.6% 
(P>0.05). In this trial, the use of  antacids was allowed, which 
might have been a confounding factor.

Davidson et al.(12) evaluated infants who were admitted to 
neonatal intensive care units or equivalent hospital units and who 
presented with clinical manifestations of  GERD. Esomeprazole 
and placebo were compared. Authors reported to have performed 
an intention-to-treat analysis, but one patient was excluded after 
randomization due to absence of valid efficacy measurements. Re-
garding changes in total number of signs and symptoms of GERD, 
there was no significant difference between esomeprazole (-14.7%) 
and placebo (-14.1%, P=0.92). Concerning only changes in number 
of  gastroenterological signs and symptoms, esomeprazole and 
placebo also performed similarly (-8.39% vs -10.16%, P=0.4227). 
On the other hand, esomeprazole performed better than placebo 
regarding changes in reflux index (-10.70% vs 2.20%, P=0.0017), 
which led the authors to conclude that symptoms were not related 
to acid reflux.

Hussain et al.(17) evaluated children with symptomatic GERD, 
resistant to conservative treatment. In an intention-to-treat analysis, 
authors compared rabeprazole 5 mg/day, rabeprazole 10 mg/day 
and placebo in a withdrawal study. In the open phase, all patients 
used rabeprazole and, in the double-blind phase, patients adherent 
to treatment were randomized to maintain the used dose of the PPI 
or to change it to placebo. There were no significant differences 
among groups regarding changes in frequency of regurgitation and 
regarding gastroesophageal reflux scores.

Loots et al.(20) studied children with symptoms associated to 
GER, diagnosed by pH-impedance test. In a per protocol analysis, 
authors compared the association of left-side positioning (LSP) to 
esomeprazole or antacid or that of head of cot elevation (HCE) 
to one of  these drugs. Regarding changes in reflux index, there 
was no significant difference among groups: LSP and esomepra-
zole (-4.0%), HCE and esomeprazole (-5.1%), LSP and antacid 
(-0.9%), HCE and antacid (-2.2%, P>0.05). Concerning changes 
in total crying time (in minutes), groups also performed similarly: 
LSP and esomeprazole (-1.0), HCE and esomeprazole (9.0), LSP 
and antacid (-17.0), HCE and antacid (-8.0, P>0.05). Changes in 
total number of  cough events were also similar among groups: 
LSP and esomeprazole (4.0), HCE and esomeprazole (2.0), LSP 
and antacid (2.0), HCE and antacid (11.0, P>0.05). Moreover, 
changes in total number of vomiting events did not significantly 
differ among groups: LSP and esomeprazole (-1.0), HCE and 
esomeprazole (-2.0), LSP and antacid (-3.0), HCE and antacid (0, 
P>0.05). Among all patients, improvement of symptoms did not 
relate to improvement of GER (P>0.05). When comparing only 
esomeprazole to antacid, the former performed better than the 
latter in decreasing the reflux index (-6.8% vs -0.9, P<0.05), which 
did not result in significant differences regarding changes in total 
crying time (4.0 minutes vs -12.0 minutes, P>0.05), in the number 
of cough events (3.0 vs 6.0, P>0.05) and in the number of vomit-
ing events (-2.0 vs -2.0, P>0.05). A limitation of the study was the 
small number of patients in each group, which might have led to 
a type II error.

Azizollahi et al.(5) compared omeprazole and ranitidine for the 
treatment of children with symptomatic GERD, in a per protocol 
analysis. Both drugs performed similarly regarding GERD symp-
tom score (2.43 vs 2.47, P=0.98).

Studies evaluating children of all age groups
Seven studies evaluated children irrespective of their ages. Cuc-

chiara et al.(11) studied children with reflux esophagitis, comparing 
cimetidine to an antacid in a per protocol analysis. Patients receiving 
cimetidine were considered cured in 50.00%, improved in 42.00% 
and stable or worse in 7.15%. Those treated with the antacid, on 
the other hand, were considered cured in 53.50%, improved in 
33.30% and stable or worse in 13.30%. Authors considered that 
cimetidine did not perform better than the antacid, although they 
did not inform the p-value of the comparisons.

Arguelles-Martin et al.(3) evaluated children with reflux es-
ophagitis randomized to receive sucralfate in tablets, sucralfate in 
suspension or cimetidine in an intention-to-treat analysis. Regard-
ing endoscopic outcomes, patients treated with tablets of sucralfate 
were considered cured in 56.00%, improved in 28.00% and stable 
or worse in 16.00%. Those treated with sucralfate suspension were 
considered cured in 60.00%, improved in 28.00% and stable or 
worse in 12.00%. Finally, cimetidine users were considered cured in 
56.00%, improved in 28.00% and stable or worse in 16.00%. Authors 
informed that there were no significant differences among groups.

In another study by Cucchiara et al.(9), children with moderate 
or severe reflux esophagitis were randomized to be treated with 
cimetidine or placebo in a per protocol analysis. The cimetidine-
group performed better than the placebo-group: cimetidine users 
were considered cured in 70.60%, improved in 23.50% and stable or 
worse in 5.88%, while, in placebo users, these figures were 20.00% 
(P<0.01), 20.00% (P=0.85) and 60.00% (P<0.01) respectively.

In yet another study by Cucchiara et al.(10), children with 
GERD, diagnosed by pH monitoring or endoscopy, who were 
unresponsive to ranitidine 8 mg/Kg/day and cisapride were evalu-
ated. Omeprazole 40 mg/day/1.73m2 surface area and ranitidine 20 
mg/Kg/day were compared in a per protocol analysis. Symptomatic 
score was similar between omeprazole- and ranitidine-groups (9.0 
vs 9.0, P>0.05). Histological score were also similar among patients 
using omeprazole or ranitidine (2.0 vs 2.0, P>0.05). Changes in 
reflux index were also similar among patients on omeprazole and 
those on ranitidine (61.90% vs 59.60%, P>0.05).

Simeone et al.(27) evaluated children with mild or moderate re-
flux esophagitis, comparing nizatidine to placebo in a per protocol 
analysis. Nizatidine led to endoscopic and histological improvement 
related to baseline both among children under one year of  age 
and among those over 1 year of age (P<0.05). On the other hand, 
placebo did not improve significantly endoscopic or histological 
parameters. The clinical score also improved exclusively among 
nizatidine users (P<0.01). The only clinical parameter to improve 
also among placebo users was vomiting (P<0.01). Nizatidine users 
were considered histologically cured in 75.00%, improved in 16.70% 
and stable in 8.30%, while placebo users were considered cured in 
16.70%, improved in 25.00%, stable in 50.00% and worse in 8.30% 
(authors did not provide the P-values).

Adamko et al.(1) studied children with cough and GERD (with 
abnormal pH monitoring or gastric emptying scan) in a per proto-
col analysis. Patients were randomized to receive omeprazole and 
bethanechol, omeprazole and placebo, bethanechol and placebo or 
double-placebo. The groups presented with reflux indices of 2.80%, 
1.30%, 3.40% and 18.10% respectively. The average of  daytime 
coughing episodes was 0.40, 2.40, 3.00 and 3.40 respectively. Res-
piratory scores were 1.50, 1.50, 1.00 and 3.00 respectively. Authors 
did not provide the P-values, which might be related to the small 
number of patients who were enrolled to each group of the study.
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Ummarino et al.(30) evaluated children with GERD diagnosed 
by impedance and pH monitoring, who presented with extraesopha-
geal symptoms. Omeprazole and ranitidine were compared in an 
intention-to-treat analysis. Complete symptom remission occurred 
in 57.90% of omeprazole-group and in 31.20% of ranitidine-group 
(odds ratio of 3.025, P=0.21). Symptomatic scores were compared 
between omeprazole- and ranitidine-groups: vomiting (0.21 vs 1.75, 
P=0.0003), chest pain (0.05 vs 0.56, P=0.01), irritability (0.16 vs 
0.25, P=0.6), difficulty swallowing (0 vs 0.94, P=0.2), coughing 
(0.26 vs 1.69, P=0.0001) and respiratory symptoms (0.79 vs 2.50, 
P=0.000001).

DISCUSSION

GER is a physiological process, which is more pronounced 
during the first year of life. GERD, on the other hand, consists of 
GER with troublesome symptoms or complications and is much 
less frequent(32,33). While GERD may require medical treatment, 
GER does not. However, many manifestations attributed to GERD 
and treated as such do not have proven causal relation with it, and 
patients may not experience benefits from the therapy(12).

This is the most comprehensive systematic review performed to 
date to evaluate the most important drug classes used for the treat-
ment of pediatric GERD, i.e., PPIs and HRAs. Included studies 
demonstrated that PPIs seem to be effective for the treatment of 
pediatric GERD and that the use of HRAs, exclusively or in as-
sociation to PPIs, does not improve results obtained by the use of 
PPIs alone. In children with GERD who cannot use PPIs, though, 
HRAs seem to be a suitable alternative. Long-term maintenance 
treatments with any of  these drug classes are not beneficial for 
most of the children.

On the other hand, this systematic review showed that there 
is no evidence of  benefits of  treating children over one year of 
age for their asthma symptoms with PPIs or HRAs. Moreover, in 
children under one year of age, despite the fact that PPIs are ef-
fective in increasing esophageal pH, there is no evidence that PPIs 
or HRAs improve unspecific symptoms, such as irritability, crying, 
vomiting, regurgitation, apneas, bradycardia or choking. In these 
patients, treatment with PPIs could be considered in the presence 
of documented reflux esophagitis.

Regarding treatment of older children with GERD, the results 
of  the present study are in accordance with those of  the system-
atic review published by Tighe et al.(29). On the other hand, the 
systematic review published by van der Pol et al.(31) suggested that 
PPIs were as effective as what was used in the respective control 
groups. Concerning infants, we agree with van der Pol et al.(31) 
that there is no evidence to support the use of  PPIs or HRAs in 
the treatment of  unspecific symptoms, commonly attributed to 

GER, especially in the absence of  documented reflux esophagitis 
or its complications. On the matter of  infants, Tighe et al.(29) con-
sidered that the evidence of  efficacy of  the antisecretory agents 
was weak. Another systematic review evaluated exclusively the 
effect of  PPIs on crying and irritability in infants and also found 
no evidence of  benefits(13).

The lack of evidence of benefits of antisecretory drugs in the 
treatment of  respiratory symptoms of older children and in the 
treatment of  unspecific symptoms of  infants may reinforce the 
hypothesis of absence of causal relation between acid reflux and 
these manifestations(12,14). Even if  these manifestations are related 
to GER, they might be caused by the volume of reflux, rather than 
by its acidity(12). 

An important clinical and methodological heterogeneity among 
included studies in this systematic review prevented a meta-analysis. 
Two previous systematic reviews had already considered inappropri-
ate to quantitatively pool together data of the studies(29,31). Another 
important limitation of the present study relates to the poor qual-
ity of the existing evidence. Many studies did not clearly describe 
the random sequence generation and the allocation concealment. 
Moreover, most of the studies performed per protocol analyzes, 
instead of intention-to-treat analyzes.

CONCLUSION

In conclusion, the available evidence suggests that PPIs are 
effective in the treatment of children with GERD, and there is no 
evidence of benefit of combining HRAs to PPIs. HRAs may be 
prescribed as an alternative to children with GERD who cannot 
be treated with PPIs. Moreover, there is not enough evidence to 
support the use of PPIs or HRAs to treat asthma in children over 
one year of age or to treat unspecific symptoms in infants in the 
absence of documented reflux esophagitis or its complications. We 
understand that further well-designed randomized controlled trials 
on pediatric GERD are in order, especially head-to-head studies 
comparing PPIs, HRAs and placebo in large samples of patients.
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