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CONTEXT: Gastroesophageal reflux (GER) is defined as GER disease (GERD) when it leads

to troublesome symptoms and/or complications. We hypothesized that definitions and
outcome measures in randomized controlled trials (RCTs) on pediatric GERD would be
heterogeneous.

abstract

OBJECTIVES: Systematically assess definitions and outcome measures in RCTs in this
population.

DATA SOURCES: Data were obtained through Cochrane, Embase, Medline, and Pubmed

databases.

STUDY SELECTION: We selected English-written therapeutic RCTs concerning GERD in children 0

to 18 years old.

DATA EXTRACTION: Data were tabulated and presented descriptively. Each individual parameter

or set of parameters with unique criteria for interpretation was considered a single
definition for GER(D). Quality was assessed by using the Delphi score.

RESULTS: A total of 2410 unique articles were found; 46 articles were included. Twenty-six

(57%) studies defined GER by using 25 different definitions and investigated 25 different
interventions. GERD was defined in 21 (46%) studies, all using a unique definition and
investigating a total of 23 interventions. Respectively 87 and 61 different primary outcome
measures were reported by the studies in GER and GERD. Eight (17%) studies did not report
on side effects. Of the remaining 38 (83%) studies that did report on side effects, 18 (47%)
included this as predefined outcome measure of which 4 (22%) as a primary outcome
measure. Sixteen studies (35%) were of good methodological quality.

LIMITATIONS: Only English-written studies were included.

CONCLUSIONS: Inconsistency and heterogeneity exist in definitions and outcome measures used
in RCTs on pediatric GER and GERD; therefore, we recommend the development of a core
outcome set.
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Gastroesophageal reflux (GER)
is a normal physiologic process
occurring several times per day in
healthy infants and children and
is only referred to as GER disease
(GERD) when it causes troublesome
symptoms and/or complications.1– 4
Claim database analysis revealed
that GERD accounts for 4% of all
pediatric hospital admissions in
the United States and costs ∼$750
million per year.5,6 The diagnosis
of GERD is currently solely based
on history taking and physical
examination and may be relatively
easy to establish when classic
symptoms, such as regurgitation,
vomiting, and irritability during or
after feeds are accompanied by alarm
symptoms such as hematemesis
or failure to thrive. However, in
most cases, no alarm symptoms are
present (yet) and discerning GERD
from physiologic GER can be difficult,
especially in infants and young
children.

A well-validated diagnostic tool
for GERD would thus be extremely
helpful. Despite the wide availability
of diagnostic tests, including
pH-(impedance) monitoring,
endoscopy, and empirical acidsuppressive therapy, the diagnostic
accuracy of these tests in children
remains unclear.7 Although
pH-impedance monitoring is
considered the gold standard to
diagnose GERD in adults and is
recommended for the evaluation
of GERD and its relation to
symptoms in infants and children not
responding to therapy, the lack of
normative pediatric ranges hampers
its application as a gold standard
diagnostic in children.4,8
Factors contributing to the reflux
burden in children have not yet been
fully elucidated, leading to a wide
variety in hypotheses and potential
treatment strategies and inducing
the potential of overtreatment
despite a lack of symptom reduction
and potential occurrence of side
effects.9– 12

2

Clinical trials that aim to
determine the benefits and risks
of interventions should measure
outcomes that are important to
patients and parents, and useful
to health care professionals and
policymakers alike. It can be difficult,
however, to determine which
outcomes are most important for a
given condition and a given setting.
Therefore, standardization of
outcome measures for randomized
controlled trials (RCTs) has been
proposed.13,14
 Such standardized
outcome measures are not available
for children with GERD. A first step
in this procedure is to review the
definitions and outcome measures
of GERD that are currently used
in therapeutic RCTs. We therefore
aimed to systematically review
definitions and outcome measures
used in therapeutic RCTs performed
in infants and children with GERD.
We hypothesize that these definitions
and outcome measures are
heterogeneous.

Methods
Search Strategy
The databases Cochrane (Central),
Embase, Medline, and PubMed
were searched from inception
to November 2015 (full search
strategy and keywords shown in
Supplemental Table 7). To identify
additional studies, reference lists
of relevant studies identified in the
literature search were searched
by hand. During the whole process
the exact reporting guidelines as
described in the Preferred Reporting
Items for Systematic Reviews and
Meta-Analysis statement were
followed.

Study Selection

Two investigators (M.M.J.S. and A.J.B.)
independently reviewed the titles
and abstracts of all citations in the
literature results. Possible relevant
studies were retrieved for full-text
review. Therapeutic (systematic

reviews of) RCTs in infants and
children with GERD (age 0–18 years)
were included if they were written
in English and a definition of GERD
was provided by the authors. Studies
were excluded if the study arm was
composed of <10 patients. This
approach is justified by Turner et al,15
stating that if several large, highquality studies have been found in
the initial searches, searching can be
truncated because the inclusion of
more obscure, smaller studies would
be unlikely to change conclusions
of the review. Studies comparing
2 different kinds of 1 specific
intervention, like dose-comparing
studies, were also excluded, as we
assumed that these studies would
not evaluate the therapeutic effect
of the intervention as their primary
objective. Disagreements between
reviewers were adjudicated by
discussion and consensus (M.M.T.).

Data Extraction and Analysis

For each included trial, the
definitions used to describe GERD
and the primary outcomes regarding
GERD were extracted. Data derived
from included articles contained
author and year of enrollment, study
setting, methods, type of participants,
method of GERD assessment, type of
intervention, follow-up, predefined
outcome measures, and results.
Each individual parameter or set of
parameters with unique criteria for
interpretation was considered to be
a single definition for GERD. Data
extraction from studies in infants
(age 0–12 months) was separated
from the studies assessing both
infants and children (ages 0–18
years).

Methodological quality of the
included RCTs was assessed by using
the Delphi List.16 The Delphi list was
developed as a standardized list to
assess the quality of RCTs. This scale
ranges from 0 (minimum) to 10
(maximum). High quality was defined
as a score of >6 points, an average
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quality as a score 4 to 6, and a low
quality as a score ≤3.

Results
Search Results
The search yielded 2410 potentially
relevant articles. After deducting
duplicates, 1533 unique titles and
abstracts were screened for eligibility
and 1418 studies were excluded
as they were not relevant to our
search question (ie, no [systematic
review of] RCT, no definition of GERD
provided, or the study was of an adult
population). After the evaluation of
the full text, an additional 72 articles
were excluded for not meeting our
inclusion criteria (ie, inappropriate
study design [n = 55], <10 patients
per study arm [n = 16], and lack of
a clear definition of GER/GERD
[n = 1]). Checking the bibliographies
of the systematic reviews of RCTs
resulted in 3 additional RCTs (Fig 1),
resulting in a total of 46 included
studies. These additional studies
were not identified by the original
search as they did not include any of
the search terms for a RCT in their
title or abstract.

Study and Patient Characteristics

In total, 2630 patients were included
in 46 studies (26 studies in infants
<12 months only and 20 studies in
infants and children 0–18 years;
there were no studies that only
included children >12 months). The
included studies that concerned
both infants and children did not
provide a breakdown based on age
to describe the definitions of GERD,
interventions, or outcome measures
that were studied. For this reason,
data regarding studies conducted in
infants only and studies conducted
in both infants and children are
presented separately in the current
study. The study characteristics are
described in Supplemental Tables
8–12.

FIGURE 1

Prisma 2009 flow diagram. For more information, visit www.prisma-statement.org. (Reprinted with
permission from Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group [2009]. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med.
6[7]:e1000097.)

Definitions
In 26 studies, patients were included
based on a definition of GER (n = 16
studies in infants only), and in 21
studies based on a definition of GERD
(n = 11 studies in infants only). In one
of these studies, both GER and GERD
patients were included.17

GER (n = 26 Studies)

Between studies, 42 different criteria
for interpretation of (combinations
of) clinical and investigational
parameters were used to define
GER, resulting in 25 different
definitions among studies (Table 1).
Definitions of GER were based on
clinical parameters only in 12 studies
by using 12 different criteria for
interpretation. GER was defined
based on parameters from diagnostic
investigations only in 7 studies using

6 different criteria for interpretation.
The definition of GER was developed
through a combination of both
clinical and diagnostic parameters
in 7 studies using 7 different criteria
for interpretation. The majority
of studies (13/16, 81%) based
their definition of GER at least
partly on clinical parameters, of
which measures of regurgitation
or vomiting frequency were most
commonly used. The studies
that concerned both infants and
children based their definition of
GER predominantly on pH-criteria
(8/10, 80%), although the frequency
of regurgitation or vomiting was
only used in 2 (20%) of the studies.
Twenty-five different interventions
were assessed (Table 2; n = 11
different nonpharmacological
interventions, n = 11 different
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pharmacological interventions,
n = 3 different combinations
of nonpharmacological and
pharmacological interventions).
Those studies that were conducted
in infants only regarded
both pharmacological and
nonpharmacological interventions,
whereas studies that included both
infants and children regarded the
investigation of pharmacological
interventions only.

GERD (n = 21 Studies)

The 21 studies that addressed GERD
all used a unique definition by using
a total of 41 different criteria for
interpretation of (combinations
of) clinical and investigational
parameters (Table 3). Definitions
were based on clinical parameters
only in 11 studies, on investigational
parameters resulting from diagnostic
investigations only in 4 studies, and
on a combination of both parameters
in 6 studies. All studies that were
conducted in infants only used at
least 1 clinical parameter to define
GERD; mostly by reporting measures
of regurgitation or vomiting
(5/11, 45%). Three studies (27%)
additionally used at least 1 additional
diagnostic intervention, of which
pH monitoring was most commonly
used (2/11, 18%). The majority
of studies (7/10, 70%) conducted
in both infants and children used
at least 1 diagnostic intervention
to define GERD, predominantly by
using pH monitoring combined
with multichannel intraluminal
impedance monitoring (pH-MII)
characteristics (4/10, 40%). Twentythree different interventions were
assessed (Table 4; n = 4 different
nonpharmacological interventions,
n = 15 different pharmacological
interventions, n = 4 different
combinations of nonpharmacological
and pharmacological interventions).
All studies predominantly studied
a combination of pharmacological
interventions (8/11 [82%] studies in
infants only; 10/10 [100%] studies in
both infants and children).
4

Primary Outcome Measures

Side Effects

GER (n = 26 Studies)

Side effects were reported in 38
(83%) studies. Of these studies, 18
(47%) reported this as a predefined
outcome measure, of which 4 (22%)
studies included this as a primary
outcome measure. In 8 (17%)
studies there were no data on side
effects reported. Four (9%) of these
studies regarded pharmacological
interventions.

Eighty-seven different primary
outcome measures were used in the
26 studies regarding interventions
for GER (Table 5). Symptoms were
used as primary outcome measure
in 16 studies (n = 23 different
outcome measures) and parameters
from diagnostic investigations were
used in 21 studies (n = 62 different
outcome measures). Two studies
used 2 different definitions of side
effects as primary outcome measure.
Eighteen studies evaluated the
therapeutic effect on the basis of
pH-MII parameters, mostly by using
the reflux index (the percentage of
time that the esophageal pH <4) and
reporting the total number of reflux
episodes. Clinical parameters and
investigational parameters were
equally used as outcome measures
in those studies that concerned
infants only (respectively 10/16,
[63%] and 11/16 [69%] studies
reported at least 1 parameter). Of
the clinical parameters, measures
of regurgitation or vomiting were
predominantly used among studies
that concerned infants only (6/16,
38%). In those studies regarding both
infants and children, investigational
parameters were predominantly
reported as outcome measures
(8/10, 80%); all studies used
pH-characteristics.

GERD (n = 21 Studies)

Sixty-one different primary outcome
measures were used in the 21
studies regarding interventions for
GERD (Table 6). Individual clinical
symptoms or composed scores of
clinical symptoms were used as a
primary outcome measure in 17
studies, resulting in 25 different
outcome measures. Parameters
resulting from at least 1 diagnostic
investigation were used in 9 studies,
resulting in 34 different outcome
measures. Two studies used 2
different definitions of side effects as
primary outcome measure.

Methodological Quality

The Delphi list was used to assess
the methodological quality of the
included RCTs (Supplemental
Tables 7–16).16 Two studies
(4%) had a score ≤3, indicating a
low methodological quality and
16 studies (35%) were of good
methodological quality (score >6).
The remaining 28 studies (61%)
scored between 4 and 6, indicating
average methodological quality. Lack
of treatment allocation, unclear,
and high or unclear drop-out rates
were the most common reasons for
reduced methodological quality.

Discussion
This study is the first to
systematically review definitions
and outcome measures used in
intervention trials on pediatric GERD
and shows a lack of agreement on
definitions, predefined outcome
measures, and instruments used to
evaluate GERD within these trials.
We identified 46 RCTs by using
25 unique definitions of GER and
21 unique definitions of GERD.
Respectively 87 and 61 different
primary outcome measures were
reported in studies on GER and
GERD; the majority regarding
individual or composed scores of
clinical symptoms. The rationale for
selecting outcome measures, and
the measurement properties of the
outcome measure tools (when used),
were most often not reported.
The use of a uniform definition
to describe a study population is
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Each individual parameter or set of parameters with unique criteria for interpretation was considered as a single definition for GERD. 24-h pH-metry, 24-hour esophageal pH monitoring; I-GERQ-R, Infant Gastroesophageal Reflux Questionnaire
Revised; NFS, not further specified.
a Definitions of both GER and GERD provided.
b Symptoms of vomiting, crying, and gagging were scored as follows: 0 = symptom absent, 1 = mild, 2 = moderate, and 3 = severe.
c Intraepithelial eosinophils or >2 of the following: >20% basal cell layer thickness of total epithelial thickness, 60% papillary length of total epithelial thickness, >C20 lymphocytes in on high-power field.
d With histology of esophageal mucosa.

1
2

Abnormal radiology results (n = 1 criterion)

Abnormal endoscopy results (n = 2 different criteria)

1

  Abnormal 24-h pH-metry results (NFS)

Abnormal gastric emptying results (n = 1 criterion)

3
8

  Duration of single reflux episode

  Percentage of time

3

14

14

  No. of reflux episodes (NFS)

Abnormal 24-h pH-metry results (n = 8 different criteria)

Investigational parameters (n = 13 different criteria for
interpretation)

4

2
1

  I-GERQ-R

  Composed clinical score (by authors)

2
3

Rome III criteria

1

Suspicion of reflux (NFS, n = 1 criterion)

Composed scores of clinical symptoms (n = 3 different criteria)

x
x

x

1
4

  Failure to thrive

x

Symptoms related to feedings (n = 4 different criteria)

2
1

  Upper airway disorders

2

Other symptoms (n = 4 different criteria)

  Heartburn

x

2

Crying (n = 2 different criteria)

x

x

x

x

x
x

3

5

x

Frequency of vomiting (n = 3 different criteria)

  Frequency of regurgitation, no cutoff documented

10

19
5

Failure to respond to nonpharmacological and pharmacological
interventions (n = 4 different definitions)

Infants (0–12 mo)

No. of Bellissant Corvaglia Del Buono Indrio Loots Miller23 Moore Moukarzel Orensteina, Ostrom Tolia Ummarino Van Eygen Vandenplas Vanderhoof Xinias Buts Carroccio Cohen
Trials
et al18
et al19
et al20
et al21 et al22
et al24 et al25
17
et al26 et al27 et al28
and Van
et al30
et al31
et al32 et al33
et al34
et al35
Ravensteyn29

  Frequency of regurgitation, cutoff documented

Regurgitation (n = 7 different criteria)

Clinical parameters (n = 29 different criteria for interpretation)

TABLE 1 Definitions Used for GER

important to obtain homogenous
patient populations, allowing
comparison between studies.
Definitions for GERD applied in the
included RCTs in this review varied
widely, and none of the included
trials used the exact definitions of
the most recent European Society
for Paediatric Gastroenterology,
Hepatology, and Nutrition, North
American Society for Pediatric
Gastroenterology, Hepatology, and
Nutrition, and National Institute for
Health and Care Excellence clinical
guidelines for pediatric GERD.4,64

Surprisingly, between studies,
the same parameters and cutoff
values for interpretation were used
by authors in their definitions of
both GER and GERD. This finding
importantly indicates that between
studies, terminology may be used
interchangeably and patients with
similar clinical characteristics may as
well be attributed physiologic GER or
pathologic GERD.
Of the 46 included trials, 26 studies
were performed in infants (of which
only 1 study exclusively assessed
newborns age <28 days) and 20
studies were performed in both
infants and children. These studies
neither provided a breakdown
on age regarding definitions for
GERD nor for interventions and
outcome measures studied. As GERD
symptoms are known to vary largely
by age, different age groups may
involve different treatment goals
and measures to evaluate treatment
efficacy. In the present review, we
were limited to provide an overview
of those studies conducted in infants
only and studies conducted in a
mixed population of both infants and
children. We found that studies of
only infants predominantly used a
symptom-based definition of GERD
and were also more likely to report
symptom-based outcome measures.
In contrast, studies conducted in a
mixed population predominantly
used measures obtained from
diagnostic interventions to define
6

GERD and reported the effect of the
studied interventions. Remarkably,
in all these latter trials, the same
definitions for GER(D) were applied
to the whole study population,
despite the difference in symptom
presentation and clinical course of
GER(D) symptoms between infants
and children.65,66
 Therefore, studies
may inadvertently be examining
a more heterogeneous population
than expected. Not consistently
including or standardizing presenting
symptoms and complications
of GERD as part of the disease
definition consequently challenges
the assessment of clinical symptoms
and/or complications as an outcome
measure. This limits generalizability
and comparability of results across
studies because the studies included
patients with varying degrees of
disease severity. Not adequately
defining disease severity at the
start of the study might also have
a negative impact on the ability to
detect change over time and success
of a certain intervention. Although
we did not assess the efficacy of
treatment, for future studies it is
important to realize that age at
inclusion, as well as other factors
such as prematurity and presence of
comorbidity, could bias the treatment
effect owing to the spontaneous
improvement over time.
Most included studies did not
use validated instruments to
report on outcome measures,
although for example in infants the
Infant Gastroesophageal Reflux
Questionnaire Revised has proved a
reliable measure to assess symptoms
over time and report on treatment
outcome.67 The lack of using a
validated instrument to evaluated
GERD and the heterogeneity of the
present outcome measures make it
complicated to interpret and compare
study results. None of the studies
included measures of parental or
patient satisfaction or quality of life
as one of their primary outcome
measures. Previous research has

shown that perception of parents and
health care professionals regarding
the treatment of their infant can differ
significantly.67,68
 It is important to be
aware of patient-related outcomes
as they provide the cornerstone for
family-centered care and parental
satisfaction.
In a recent study, labeling an
otherwise healthy infant with a
GERD diagnosis increased parents’
interest in medicating their infant,
even when they were told that the
medications were ineffective.69
These findings suggest that a
GERD label may influence parents’
judgments by changing their
assumptions about what kinds of
interventions are considered most
appropriate. This indicates that
attitudes and perceptions of parents
are an important consideration for
clinicians when developing patienttailored treatment strategies.

Side effects were used as a predefined
outcome measure in only less than
half of the studies and 8 studies did
not report on this at all, of which
4 concerned studies assessing
pharmacological interventions.
Additionally, study duration ranged
from 6 hours to 12 weeks, inducing
the potential of missing relevant
long-term side effects of treatment.
This finding is of great importance,
as the safety of long-term use of
anti-reflux medication is currently
under debate. However, at the same
time, previous systematic reviews of
GERD treatment suggest a paucity
of high-quality evidence supporting
acid-suppressive treatments for this
condition.12,67,
 70
 Forty-three percent
of the trials included were from before
the year 2000. This may reflect the
limited number of studies that used the
2009 European Society for Paediatric
Gastroenterology, Hepatology, and
Nutrition and North American Society
for Pediatric Gastroenterology,
Hepatology, and Nutrition definition
of GERD, as well as the number of
studies using instruments that were
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TABLE 2 Interventions Used for GER
Interventions

No. of Trials

Infants (0–12 mo)

Infants and Children (0–18 y)
Source

Nonpharmacological interventions (n = 11 different interventions)
Feed modification (n = 8 different interventions)
  Hydrolyzed formula
  Prethickened formula (NFS)
  Formula thickened (rice starch)
  Formula thickened (cornstarch, casein predominant)
  Formula thickened (Saint John’s bread)
  Soy-based formula
  Enfamil anti regurgitation formula (rice starch with lactose)
  Lactobacillus reuteri
Positioning therapy (n = 3 different interventions)
  Supine position during feedings
  Flat prone position during study period
  Head-elevated prone position during study period
Massage therapy (n = 0 interventions)
Pharmacological interventions (n = 11 different interventions)
Antacida (n = 5 different interventions)
  Sodium alginate (gaviscon)
  Sodium and magnesium alginate (gaviscon infant)
  Magnesium hydroxide and aluminum hydroxide
  Alginic acid with antacid (gaviscon infant liquid)
  Magnesium alginate aluminum-free formulation and simethicone
Histamine 2 receptor antagonist (n = 1 intervention)
  Ranitidine
Prokinetics (n = 3 different interventions)
  Bethanechol
  Cisapride
  Metoclopramide
PPI (n = 2 different interventions)
  Esomeprazole
  Omeprazole
Combination of interventions (n = 3 different interventions)
  Head-elevated prone position to 30° during study period and
increase in number of meals per day and general avoidance of
excess fat in diet and addition of preparations of galactomannan,
carboxidemethylcellulose or carob-seeds flour and sodic salt of
alginic acid and a PPI (NFS)
  Domperidone and magnesium hydroxide and aluminum hydroxide
  Domperidone and alginate-antacid combination (NFS)

9
8
1
1
1
1
1
1
1
1
2
1
1
1
0
20
7
1
3
1
1
1
1
1
10
1
6
3
3
1
3
2
1

Corvaglia et al19
Moukarzel et al25
Ummarino et al28
Xinias et al32
Vandenplas et al30
Ostrom et al26
Vanderhoof et al31
Indrio et al21

—
—
—
—
—
—
—
—

Corvaglia et al19
Orenstein17
Orenstein17

—
—
—

—
Del Buono et al20; Miller23
—
—
Ummarino et al28

Buts et al33
Greally et al38
Levi et al39
Forbes et al37
—

—

Cucchiara et al36

—
Van Eygen and Van
Ravensteyn29
Bellissant et al18; Tolia et al27

Levi et al39
Cohen et al35; Levy et al40; Scott et
al41; Greally et al38
Forbes et al37

Loots et al22
Loots et al22; Moore et al25

—
Cucchiara et al36

—

Serra et al42

—
—

Carroccio et al34
Carroccio et al34

1
1

Multiple interventions per study possible. NFS, not further specified; PPI, proton pump inhibitor; —, indicates not reported in this age-group.

developed only recently, such as
pH-MII measurement and the Infant
Gastroesophageal Reflux Questionnaire
Revised.4,71 Although studies did not
necessarily use the same diagnostic
techniques to both define GERD and
to evaluate treatment efficacy, the
large variety of diagnostic techniques
may however partly explain the lack
of homogeneity in the definitions and
outcome measures identified in the
current study.
A limitation of our review may be
that we chose English as the primary

language and it is possible that we
could have missed RCTs published
in other languages. To minimize
the risk of other missed studies, we
performed an extensive and sensitive
literature search in collaboration
with a clinical librarian. Another
limitation may be that the Delphi
list does not include all the items
associated with the risk of bias,
as it assigns weights to different
items in the scale by providing an
overall score per study. Additional
assessment of items associated with
bias would have been necessary

if it was our goal to use scores for
eligibility criteria or to conduct
subgroup analyses. The aim of
the current study was however to
provide overall assessment of the
quality of the included trials, rather
than performing a meta-analysis
evaluating the efficacy of the different
interventions.16

Conclusions
Many different definitions and
outcome measures are used in
intervention trials in pediatric
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7
1

Abnormal endoscopy (n = 7 different criterion)

Abnormal fluoroscopy/tuttle test (n = 1 criterion)

x

x

Infants (0–12 mo)

Infants and Children (0–18 y)

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

xd

x

x

x

x

x

x

x

xc

x

xe

x

x

x
x

x

x

x

x

x

x

x

x

xf

x

x

x
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x

x

Davidson Hussain Khoshoo and Loots Neu
Neu Orensteina, Orenstein Vandenplas Winter Borrelli Cucchiara Cucchiara Gustafsson Oderda Omari Orenstein Simeone Ummarino Zohalinezhad
et al44 et al45
Dhume46 et al47 et al48 et al49
17
et al50
et al51
et al52 et al53
et al54
et al55
et al56
et al57 et al58 et al59 et alb,60
et al61
et al62

Each individual parameter or set of parameters with unique criteria for interpretation was considered a single definition for GERD. 24-h pH-metry, 24-hour esophageal pH monitoring; I-GERQ-R, Infant Gastroesophageal Reflux Questionnaire Revised;
NFS, not further specified.
a Authors provided a definition of GER as well as of GERD.
b Definition of reflux esophagitis provided by authors.
c Clinical score is a modified GERD Symptom Questionnaire in Infants.
d >65% papillary height of the epithelial height, >20% basal cell thickness of the epithelial height, or eosiniophilic or polymorphonuclear leukocytes infiltrating in epithelium.
e Grade 1 and 2 esophagitis on scale of Hetzel and Dent.
f Histologic criteria according to Cucchiara et al.63

1
1

Abnormal pH-MII (n = 1 definition)

1

Positive acid perfusion test (n = 1 criterion)

4

  Abnormal 24-h pH-metry results (NFS)

5

10

  Percentage of time

Abnormal 24-h pH-metry results (n = 5 different criteria)

Investigational parameters (n = 15 different criteria for interpretation)

5

1

  Composed clinical score (by authors)

Failure to respond to nonpharmacological and pharmacological interventions (n = 3 different criteria)

4

  I-GERQ-R

8
5

Suspicion of reflux (NFS, n = 6 different criteria)

1

Quality of life (n = 1 criterion)

Composed scores of clinical symptoms (n = 3 different criteria)

x
x

1
3

  Experience of apparent life-threatening events

Symptoms related to feedings (n = 2 different criteria)

3
1

  Failure to thrive

  Sleeping disturbance

x

5

Other symptoms (n = 5 different criteria)
4

x

4

Crying (n = 2 different criteria)

  Upper airway disorders

x

2
4

Cresi
et al43

Frequency of vomiting, no cutoff value documented (n = 3 different criteria)

17

No. of
Trials

Frequency of regurgitation, no cutoff value documented (n = 1 criterion)

Clinical parameters (n = 26 different criteria for interpretation)

TABLE 3 Definitions Used for GERD

TABLE 4 Interventions Used for GERD
Interventions

No. of Trials

Infants (0–12 mo)

Infants and Children (0–18 y)
Source

Nonpharmacological intervention (n = 4 different interventions)
Feed modification (n = 0 interventions)
Positioning therapy (n = 2 different interventions)
  Flat prone position during study period
  Head-elevated prone position to 30° during study period
Massage therapy (n = 1 intervention)
  Moderate hand pressure on different places for 5 min, for a total duration
of 30 min, twice a week
Other (n = 1 intervention)
Quince syrup
Pharmacological intervention (n = 15 different interventions)
Antacida (n = 3 different interventions)
  Magnesium hydroxide and aluminum hydroxide
  Sodium alginate (gaviscon)
  Alginate-antacid combination (alginic acid, aluminum hydroxide, magnesium
trisilicate, sodium bicarbonate)
Histamine 2 receptor antagonist (n = 4 different interventions)
  Cimetidine

3
0
1
1
1
2
2

Orenstein17
Orenstein17

—
—

Neu et al48; Neu et al49

—

1
1
18
3
1
1
1

—

Zohalinezhad et al62

—
—
—

Cucchiara et al54
Borrelli et al53
Oderda et al57

7
2

—

  Famotidine
  Ranitidine

1
3

—
—

  Nizatidine
Prokinetics (n = 3 different interventions)
  Domperidone
  Baclofen
  Cisapride
Proton pump inhibitor (n = 5 different interventions)
  Esomeprazole
  Lansoprazole

1
3
1
1
1
7
1
3

—

Cucchiara et al54; Cucchiara
et al55
Oderda et al57
Ummarino et al61; Gustafsson
et al56; Orenstein et al59
Simeone et al60

Cresi et al43
—
Vandenplas et al51

—
Omari et al58
—

  Omeprazole
  Pantoprazole
  Rabeprazole
Combination of interventions (n = 4 different interventions)
  Esomeprazole and left-side positioning
  Esomeprazole and head-elevated prone position to 20°
  Aluminum hydroxide and magnesium hydroxide and simethicone (mylanta)
and left-side positioning
  Aluminum hydroxide and magnesium hydroxide and simethicone (mylanta)
and head-elevated prone position to 20°

1
1
1
1
1
1
1

Davidson et al44
Orenstein et al50; Khoshoo
et al46
—
Winter et al52
Hussain et al46

Ummarino et al61
—
—

Loots et al47
Loots et al47
Loots et al47

—
—
—

Loots et al47

—

1

Borrelli et al53

Multiple interventions per study possible. —, indicates not reported in this age-group.

GERD. Disagreement on the choice of
outcome measures impedes a direct
comparison of results on the efficacy
of different interventions and has
resulted in inconsistent reporting
and the potential for reporting
bias.72,73
 Changing this situation will
require a better understanding of
what is normal and abnormal,
which currently is hampered by the
lack of a gold standard diagnostic
tool.4,7
There has been an increased
awareness of the factors that

influence the quality of clinical trials
in general and those in reflux disease
in particular.74– 76
 Standardization
of both definitions and outcomes in
RCTs has been proposed as a solution
to the problems of inappropriate
and nonuniform outcome selection
and reporting bias.13,14 As GERD is a
symptom-driven disease, the primary
outcome measures may well include
the improvement of the cardinal
symptom(s); either disappearance of
a single symptom or its persistence
at no more than a mild severity.
As GERD symptoms are known to

vary widely by age and especially
in infants, are often nonspecific and
tend to disappear spontaneously with
increasing age, a consensus of the
definition of GERD in different age
groups needs to be established
first.4,77,
 78
 The term “troublesome” as
used by the current clinical guidelines
recognizes the variability in how
symptoms impact on individual
patients and may well be used for
this purpose.76 GERD treatment
includes both pharmacological and
nonpharmacological interventions,
which may be targeted to treat
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2
6
1
1

Crying (n = 2 different primary outcomes)

Global clinical condition (n = 4 different primary outcomes)

Symptoms related to feedings (n = 2 different primary outcomes)

Other symptoms (n = 2 different primary outcomes)

1
1

Incidence of otologic manifestations (n = 1 primary outcome)

Electrogastrography (n = 6 different primary outcomes)

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

x

x
x

x

x

x

x
x

x

x

x

x

x

x

x

x

x

Infants and Children (0–18 y)

x

x

x

x

x

x

x

x

x

x
x
x

x
x
x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

x

x

x

x

x

x

x

x

x
x
x

x

x

Van
Vandenplas Vanderhoof Xinias Buts Carroccio Cohen Cucchiara Forbes Greally Levi Levy Orenstein Scott Serra
Eygen
et al30
et al31
et
et
et al34 et al35 et al36 et al37 et al38 et al39 et al40 et al59 et al41 et al42
and Van
al32 al33
Ravensteyn29

Multiple different outcome measures per study were possible. 24-h pH-metry, 24-hour esophageal pH monitoring; ECG, electrocardiogram; I-GERQ-R, Infant Gastroesophageal Reflux Questionnaire Revised.
a Authors provided a definition of GER as well as of GERD.

2

1

ECG parameters (n = 3 different primary outcomes)

Side effects (n = 2 different primary outcomes)

1

Pharmokinetic evaluations (n = 11 different primary outcomes)

3

  Other (n = 5 different primary outcomes)
1

2

  Reflux index (n = 1 primary outcome)

Histologic parameters (n = 1 primary outcome)

2

  Height of reflux episodes (n = 5 different primary outcomes)

2

2

  Duration of reflux episodes (n = 1 primary outcome)

Gastric emptying time (n = 2 different primary outcomes)

2

  No. of reflux episodes (n = 6 different primary outcomes)

6

  Other (n = 6 different primary outcomes)
3

12

  Reflux index (n = 3 different primary outcomes)

pH-MII parameters (n = 18 different primary outcomes)

13
11

  No. of reflux episodes (n = 6 different primary outcomes)

16

21

  Duration of reflux episodes (n = 5 different primary outcomes)

24-h pH-metry parameters (n = 20 different primary outcomes)

Investigational parameters (n = 62 different primary outcomes)

2

3

Response to nonpharmacological and pharmacological intervention (n = 2
different primary outcomes)

2

  Composed clinical score (by authors)

5

  I-GERQ-R score >16

Composed scores of clinical symptoms (n = 5 different primary outcomes)

1

6
3

Vomiting (n = 2 different primary outcomes)

16

Regurgitation (n = 4 different primary outcomes)

  Nocturnal and morning asthma symptoms

Infants (0–12 mo)
No. of Bellissant Corvaglia Del Buono Indrio Loots Miller23 Moore Moukarzel Orensteina,17 Ostrom Tolia Ummarino
et al19
et al20
et al21 et al22
et al24 et al25
et al26 et al27 et al28
Trials
et al18

Clinical parameters (n = 23 different primary outcomes)

TABLE 5 Primary Outcome Measures Used for GER

Downloaded from www.aappublications.org/news by guest on October 19, 2019
PEDIATRICS Volume 140, number 2, August 2017

11

1

1
2
9

  Withdrawal rate because of lack of efficacy

  Responder rate

Investigation parameters (n = 34 different primary outcomes)

2
4

  Reflux index (n = 1 primary outcome)

  Other (n = 4 different primary outcomes)

Multiple different outcome measures per study were possible. 24-h pH-metry, 24-hour esophageal pH monitoring; I-GERQ-R, Infant Gastroesophageal Reflux Questionnaire Revised.
a Authors provided a definition of GER as well as of GERD.
b Definition of reflux esophagitis.

2

x

x

x

1

x

x

Esophageal motility (pH-manometry)

x

x

x

x

x

x

Side effects (n = 2 different primary outcomes)

Infants and Children (0–18 y)

x

x

x

x

x

x

x

x

x

x

x

x

x

Cucchiara Cucchiara Gustafsson Oderda Omari Orenstein Simeone b,60 Ummarino Zohalinezhad
et al54
et al55
et al56
et al57 et al58 et al59
et al61
et al62

1

x

x

x

x

Borrelli
et al53

1

x

Winter
et al52

Histamine challenge

x

x

x

x

Vandenplas
et al51

Spirometry (PEFR and FEV1)

x

x

x

x

Orenstein
et al50

1

x

x

Orensteina,17

GERD-related signs (cardiorespiratory monitoring)

x

x

Neu
et al49

1

x

Neu
et al48

Infants (0–12 mo)

Pharmokinetic evaluations (n = 11 different primary outcomes)

x

x

x

Khoshoo
Loots
and Dhume46 et al47

1

1

  Other (n = 1 primary outcome)

x

x

x

x

Hussain
et al45

4

0

  Reflux index (n = 0 primary outcomes)

x

x

Davidson
et al44

Gastric emptying rate (n = 1 primary outcome)

1

  Duration of reflux episodes (n = 1 primary outcome)

Cresi
et al43

Histologic parameters (n = 3 primary outcomes)

1

  No. of reflux episodes (n = 1 primary outcome)

1

2

  Duration of reflux episodes (n = 3 different primary outcomes)

pH-MII parameters (n = 3 different primary outcomes)

2

  No. of reflux episodes (n = 4 different primary outcomes)

6

3

Response to nonpharmacological and pharmacological intervention (n = 4 different
   primary outcomes)

24-h pH-metry parameters (n = 12 different primary outcomes)

3
10

  Composed clinical score (by authors) (n = 7 different primary outcomes)

13

  I-GERQ-R (n = 4 different primary outcomes)

Composed scores of clinical symptoms (n = 11 different primary outcomes)

2

  Severity of GER symptoms (NFS)
0

1

  Maternal-child interaction during feedings

Symptoms related to feedings (n = 0 primary outcomes)

1

  Nocturnal and morning asthma symptoms

4

1

  Duration of crying episodes <1 h after feeding

Other symptoms (n = 5 different primary outcomes)

1

  No. of crying episodes <1 h after feeding

2

Crying (n = 3 different primary outcomes)

  Total crying time on treatment

0

Vomiting (n = 0 primary outcomes)

3

3

  Frequency of regurgitation

17

Regurgitation (n = 2 different primary outcomes)

No. of
Trials

Clinical parameters (n = 25 different primary outcomes)

TABLE 6 Primary Outcome Measures Used for GERD

different signs and symptoms
accordingly. In addition to
establishing a minimum core
outcome set, establishing sets
of proposed secondary outcome
measures, depending on the object
of the study as well as on the study
population may well be appropriate.
Therefore, to allow comparison
between future studies, as a first step
we recommend the development of
both an infant- and a child-tailored

minimum core outcome set for
clinical research in GERD by using
the Delphi technique and early
involvement of stakeholders.14
Embedding these core outcome
sets within future clinical trials,
systematic reviews, and clinical
practice guidelines on pediatric
GER(D) could make a profound
contribution by advancing the
usefulness of research to inform
clinical practice, enhance patient

care, and improve clinical
outcomes.
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