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Maintenance Treatment With Proton Pump Inhibitors for
Reflux Esophagitis in Pediatric Patients: A Systematic
Literature Analysis

*Marta Illueca, 'Borje Wernersson, *Catherine Henderson, and 'Per Lundborg

ABSTRACT

Objectives: Short-term treatment with a proton pump inhibitor (PPI) is
effective for healing reflux esophagitis and improving reflux symptoms in
pediatric patients. Our aim was to assess the efficacy and tolerability of
maintenance PPI treatment after healing of reflux esophagitis in pediatric
patients.

Materials and Methods: Systematic searches of MEDLINE, Excerpta
Medica database, and recent conference abstracts.

Results: Five studies evaluated the efficacy of PPI maintenance therapy (6-
to 90-month follow-up) in pediatric patients after healing of reflux esophagitis.
Three found no relapse of reflux esophagitis or reflux symptoms during PPI
maintenance therapy; however, a low relapse rate (1/14) was also found in the
placebo group of the only prospective controlled study. Two of the 5 studies
(both prospective) reported relapse of reflux esophagitis at half the original
healing dose of omeprazole (7 of 51 patients relapsed after 3 months; 8 of 32
within 21 months), which resolved again in most patients when the healing
dose or higher was given. Four studies evaluated relapse of reflux esophagitis
and/or reflux symptoms after stopping PPI therapy. Reflux symptoms recurred
in 18% to 76% of patients across all 4 studies. In the 4 studies that assessed the
safety of PPI maintenance therapy, adverse events were infrequent and of low
severity.

Conclusions: Pediatric patients with gastroesophageal reflux disease and
certain chronic comorbidities appear to have the greatest need of
maintenance PPI treatment after healing of reflux esophagitis. In patients
requiring maintenance therapy, PPIs appear to be well tolerated and effective
in maintaining remission of reflux esophagitis and reflux symptoms.
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astroesophageal reflux disease (GERD), defined as trouble-
some reflux symptoms and/or complications (1), is con-
sidered to be a chronic disease in adults (2). A recent Cochrane review
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showed that in adults, proton pump inhibitors (PPIs) are significantly
superior to placebo in maintaining remission after healing of reflux
esophagitis (relative risk of relapse 0.26; 95% confidence interval
[CI] 0.19—-0.36 for long-term treatment with a healing dose and 0.46
[95% CI 0.38—0.57] for a maintenance dose [half the healing dose])
(3). The authors concluded that these data support the long-term
treatment of reflux esophagitis with PPIs to prevent relapse of reflux
esophagitis. In addition, PPIs have been shown to be well tolerated in
adults during treatment for up to 11 years (4).

Although the benefits of short-term treatment with PPIs in
pediatric patients with reflux esophagitis have been demonstrated
(5-7), there are few data on long-term maintenance treatment with
PPIs in this population. The European Society for Pediatric Gastro-
enterology, Hepatology, and Nutrition and the North American
Society for Pediatric Gastroenterology, Hepatology, and Nutrition
recently copublished clinical practice guidelines relating to the
diagnosis and management of pediatric gastroesophageal reflux.
Although the guidelines advocate the short-term use of PPIs in
children older than 1 year for the relief of GERD symptoms, the
issue of maintenance therapy is not discussed in depth (8). This
systematic review was originally conducted as part of a response to
a written request from the US Food and Drug Administration for
esomeprazole data in pediatric patients. Its aim was to review the
available literature on reflux esophagitis in pediatric patients, to
answer the following specific research questions: Is maintenance
PPI treatment after healing of reflux esophagitis effective and well
tolerated in pediatric patients? and Is maintenance PPI treatment
needed in pediatric patients with reflux esophagitis and can the
population of pediatric patients in need of treatment be defined?

MATERIALS AND METHODS

Systematic searches of PubMed (all years until October
2008), Excerpta Medica database (all years until October 2008),
and the Planet database (1990—October 2008) were conducted.
(Planet is a database maintained by AstraZeneca that contains
records from abstracts including information on PPIs that have
been presented at key medical conferences). The search string used
in the present review was an amended version of that used in a
Cochrane review that assessed maintenance treatment for reflux
esophagitis in adults (3) (QUORUM diagram shown in Fig. 1). The
search string was modified to include only PPI medication terms;
symptom-related terms and general GERD terms were removed and
pediatric-specific terms were added.

Studies were identified that reported the effectiveness of PPIs
in maintaining resolution of reflux symptoms and healed reflux
esophagitis in pediatric patients, the relapse of reflux symptoms
and/or reflux esophagitis in pediatric patients after discontinuing
PPI treatment, and overall tolerability of PPI maintenance therapy
in pediatric patients.
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PubMed and EMBASE searched using the following
search string:

((oesophageal AND eros*) OR (esophageal AND eros*)
OR (oesophagus AND eros*) OR (esophagus AND eros*)
OR esophagitis OR oesophagitis OR barrett)

AND

((proton AND pump AND inhibitor) OR PPl OR
omeprazole OR lansoprazole OR pantoprazole OR
rabeprazole OR esomeprazole OR tenatoprazole OR
placebo OR untreated OR (no AND treatment) OR
(without AND treatment) OR natural history)

AND

(child OR children OR pediatric OR paediatric OR toddler
OR infant OR baby OR babies OR neonate OR newborn

OR boy OR girl OR adolescent)

Planet searched using the following search string:

((oesophageal AND eros*) OR (esophageal AND eros*)
OR (oesophagus AND eros*) OR (esophagus AND eros*)
OR esophagitis OR oesophagitis OR barrett)

AND
((proton AND pump AND inhibitor) OR PPI OR
omeprazole OR lansoprazole OR pantoprazole OR
rabeprazole OR esomeprazole OR tenatoprazole OR
placebo OR untreated OR (no AND treatment) OR
(without AND treatment) OR natural history)

AND

(child OR children OR pediatric OR paediatric OR toddler
OR infant OR baby OR babies OR neonate OR newborn
OR boy OR girl OR adolescent)

!

626 articles

}

'

170 articles

!

Articles screened based on title and abstract

Articles screened based on title

. !

' !

Selected: n = 33 Excluded: n = 593

Selected: n = 24 Excluded: n = 146

.

.

Articles screened based on full text

Articles screened based on abstract

} !

} '

Selected: n =10 Excluded: n = 23

Selected: n =2 Excluded: n = 22

FIGURE 1. QUORUM diagram showing the selection of articles relevant to assessing the safety and therapeutic benefit of proton
pump inhibitor maintenance treatment for reflux esophagitis. *Wild card search term.

The articles identified through the search strategy were
screened (on the basis of title and abstract) using the inclusion
and exclusion criteria shown in Table 1. Publications for which
relevance could not be determined from the title or abstract alone
were obtained as full-text versions and screened in the same way.
The screening process was performed by 2 independent reviewers,
who resolved disagreements through discussion.

RESULTS

Trial Characteristics
A total of 12 relevant studies (10 articles and 2 abstracts) were
identified. Five of these reported relapse rates for reflux esophagitis

and/or reflux symptoms in pediatric patients during maintenance PPI
therapy. Five reported outcomes for patients who stopped PPI therapy
and were then followed up. One article reported an observational
study of infants who were assigned to the placebo arm of a study.
Anotherreported long-term outcomes in patients receiving PPIs. Four
articles reported adverse events during maintenance PPI therapy.

Efficacy Of Maintenance Treatment With PPIs
in Pediatric Patients With GERD After Healing
of Reflux Esophagitis

Of the 5 relevant studies identified, 1 was a prospective
placebo-controlled study (9), 2 were prospective single-treatment

TABLE 1. Inclusion and exclusion criteria for articles identified from the search string

Inclusion criteria

Exclusion criteria

Clinical trial (abstract or full paper)
Contains safety or efficacy data on the use of PPIs
Contains data on treatment of pediatric patients (ages 1-17 y)
Reflux esophagitis assessed by endoscopy or histology
Contains data on maintenance therapy with PPIs or

on follow-up of patients stopping PPI treatment

after healing

Review, editorial, practice guidelines, case studies, animal studies
Contains no safety or efficacy data on the use of PPIs

Contains no data on treatment of pediatric patients

Reflux esophagitis not assessed by endoscopy or histology
Contains no long-term/follow-up data

PPI= proton pump inhibitor.
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studies (10,11), and 2 were retrospective studies (12,13). Details of
the studies are summarized in Table 2.

In the only placebo-controlled prospective study, by Boccia
et al (9), 46 children were randomly assigned after healing of reflux
esophagitis (defined as at least grade II according to the Hetzel et al
classification [14]) to 6-month maintenance therapy with omepra-
zole, 0.7mg-kg ' -day ! (single daily dose) (n= 16), ranitidine,
10mg-kg '-day ! (divided into 2 doses) (n=16), or placebo
(n=14). Histological, endoscopic, and symptomatic scores were
assessed 3 months after discontinuation of maintenance therapy.
Reflux esophagitis and reflux symptoms did not relapse in any of
the 16 patients taking omeprazole during the 6-month treatment and
subsequent follow-up (9). However, only 1 patient had relapse of
reflux esophagitis (grade II according to the Hetzel et al classifi-
cation) in the placebo arm, and there were no relapses in the
ranitidine arm, suggesting that the natural propensity to relapse
was inherently low in this pediatric population. It is notable that this
study specifically excluded children with chronic conditions such as
cerebral palsy, repaired esophageal atresia, neurological impair-
ment, or repaired tracheoesophageal fistula.

In the first of 2 retrospective studies (12), regular endoscopic
assessments during a mean follow-up of 4.4 years showed that
healed reflux esophagitis was maintained in all 15 children while
taking omeprazole (doses used during the follow-up period were not
specified; reflux esophagitis was defined as at least grade II
according to the Hetzel et al classification). The second study
(13) was a retrospective chart review of 31 children who received
>6 months of omeprazole maintenance therapy for reflux esopha-
gitis. Endoscopy was repeated in these patients until reflux eso-
phagitis was healed, and then annually thereafter. In all of the
patients, reflux esophagitis significantly improved (details not
specified), as did their reflux symptoms. These improvements were
sustained during omeprazole maintenance treatment (mean dose
1.5mg-kg '-day ™!, range 0.6-3.3mg-kg '-day ") during a
mean follow-up of 31 months (range 6—90 months). In both of
these studies, the majority of patients had chronic conditions such as
cerebral palsy, repaired esophageal atresia, neurological impair-
ment, or repaired tracheoesophageal fistula.

Relapses of reflux esophagitis were studied in 2 prospective
single-arm studies. In the first study (10), 7 of 51 neurologically
impaired children showed recurrence of reflux symptoms and reflux
esophagitis (defined as at least grade I according to the Savary-
Miller classification [15]) after 3 months of maintenance treatment
using omeprazole at half the dose initially used to heal reflux
esophagitis and resolve reflux symptoms (20 mg/day for children
who were at least 20 kg in weight, 10 mg/day for children <20kg).
Reflux symptoms and reflux esophagitis resolved again in these
patients when omeprazole treatment was increased to the original
healing dose for 3 months. The second prospective study investi-
gated the healing and maintenance of reflux esophagitis (defined as
at least grade II according to the Hetzel et al classification) in 57
children. The healing portion of this study has been fully published
(6), and the maintenance phase has been published in abstract form
(11). The maintenance phase of this study has not yet been
published as a full article, but comprehensive details were available
from the clinical study report (study code 1-678). After healing of
reflux esophagitis, 46 patients entered a 21-month maintenance
phase at half the healing dose of omeprazole (0.35—
1.75mg-kg ' - day ). Twenty-four of these children had no other
underlying disease, 15 had neurological impairments, and 7 had
repaired esophageal atresia. Thirty-two patients completed the 21-
month maintenance phase. Patients did not complete the mainten-
ance phase for the following reasons: nontreatment-related adverse
event (n=4), fundoplication (n=2), patient withdrawn by inves-
tigator because of relapse (n=1), discontinuation of omeprazole
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treatment by noninvestigator physician (n = 1), laboratory measures
or biopsy missing (n=2), lost to follow-up (n=3), and asympto-
matic (n=1). During the maintenance period, reflux esophagitis
relapsed in 8 patients (not including the patient who relapsed and
was then withdrawn from the study for this reason). Four had
relapse of reflux esophagitis only, and 4 had relapse of both reflux
esophagitis and reflux symptoms. The reflux esophagitis healed
again in 5 of these patients when the omeprazole dose was increased
to the healing dose or higher. At the end of the study, reflux
esophagitis had healed in 26 of the remaining patients, 3 had no
final endoscopy but were asymptomatic, and 3 had reflux esopha-
gitis. One of the 3 patients who finished the study unhealed had been
healed when the dose of omeprazole was increased to the healing
dose but relapsed again when the dose was then decreased to half
this dose.

Further indirect evidence for the efficacy of PPI maintenance
therapy is provided by a study that screened hospital databases for
records from pediatric patients with GERD who took PPIs con-
tinuously for at least 9 months (16). In 166 individuals (mean age at
time of index 7.8 years, range 4 weeks—17 years), the median
number of symptoms declined significantly from 3 (interquartile
range 2) at first presentation to 1 (interquartile range 1) on the last
encounter. The median follow-up between presentation and last
encounter was 3 years, during which PPIs (omeprazole [85%],
lansoprazole [4.2%], omeprazole + lansoprazole [6%]) were used
for a median period of 2.75 years, omeprazole at a median dose of
1.1mg-kg™'-day™', and lansoprazole at a median dose of
1.4mg-kg '-day '. All of the patients who were followed up
underwent esophageal endoscopy at some point during the study
period. Although reflux esophagitis (classification system not
reported) was endoscopically confirmed in 81 (48.8%) of these
166 patients, specific details for rates of healing or relapse of reflux
esophagitis were not given. Seventy-nine percent of the patients had
comorbid conditions such as neurological disorders, esophageal
atresia or tracheoesophageal fistula, or chronic lung disorders.

Relapse of Reflux Esophagitis and Reflux
Symptoms After Stopping PPl Therapy

Studies showing endoscopic and symptomatic outcomes
after stopping PPI therapy in pediatric patients with GERD give
an indication of whether PPl maintenance treatment is needed in
this population. Two of the 4 studies identified by the search criteria
collected data on relapse of reflux esophagitis after stopping PPI
treatment, and all 4 reported relapse of reflux symptoms. These
studies are summarized in Table 3. This section also incorporates
data from the previous section that are relevant to this
particular issue.

In the first of 2 prospective studies that assessed relapse of
reflux esophagitis after stopping PPI treatment, 10 children with
reflux symptoms and reflux esophagitis (at least grade II according
to the Hetzel et al classification) underwent 3-month-long treatment
with omeprazole (40 mg/day [children weighing >30kg] or 20 mg/
day [children <30kg]) (17). At the end of this treatment, reflux
esophagitis had improved to grade I or 0 in 9 patients and grade II in
1 patient. Upon discontinuation of treatment (time period not
specified), 6 of 10 patients had symptomatic relapse for an unspe-
cified duration of follow-up, 3 (30%) of whom also experienced
relapse of reflux esophagitis (grade I) that prompted initiation of
maintenance therapy. It should be noted that despite the presence of
healed reflux esophagitis in most of these patients, histological
abnormalities persisted, which, the authors suggest, may have been
an indicator of incomplete healing. In the study by Boccia et al (9)
described in the previous section, patients were followed up for

3

Copyright 2010 by ESPGHAN and NASPGHAN. Unauthorized reproduction of this article is prohibited.



“(#1) UOIIBOYISSBO [ 12 [9Z19H 9y} 0] SUIPIOIJE [ 9peIS Isea] 8 SB pauyap sniseydosa xngay |
(G1) UOIBOYISSE[O II[[IA-AIBARS ) 0) SUIpI0ddE | 9peid Jsed[ Je se pauyap snideydose x:comw
AL “onquyur dund uojoid = 144 “yuauuredwr [eordojoinou = [N ‘IstuoSejue 103dadal 7 surwelsiy = <y ‘eisone [eadeydoso parredar= yq Asfed [e1qa100 = 4D

(syuaned 41) oqooerd
10 ‘(syuaned 97)

P8y Bugp
surpniuel ‘(syuoned papn[oxa
91) P, 39 $1-6C IN 0 “dD ‘AL ow ¢ 10§ (,_p-, B (6) Te 30
91/0 :910zeidow( ow 9 - 8w £ ojozerdowQ b o3uel ‘g URIPIN pauodar 0NV Yyum siuaned 8w 1) orozerdow) 9y ©1000¢
UQAIS jou owely owny
;P _8-Sw ¢g
~9°0 d8uer ‘| _p
(u2A1S Jou PI-1 %6¢ uonesrdopuny dO %19 * -89 Sw ¢ asop (€1) 1oeIs
(%0) $1/0 (%) 0  ow06—9 asop) ojozerdaw(y 13 a8uer ‘g’/ ueO %IL VIH ‘AL/VE %ET uedw) djozeidowy [ pue IeuEYsE]
ow 6—¢ 10§ (,_p-,_5%
(;_p- 8 Sw dO %Il -Bw ¢'g-g8'( dfuer
T'T °sop LT-¥T ‘IN %¢€€ P B Bw gy (D e
uedN ueaw) 9jozeidow S a3uer ‘g / U\ %001 uonesrjdopung ‘AL/VA %9S asop ueaw) ojozerdowy 8 Ieyueysed
(P B %81 uoneardopuny
.Sw mh—\WMOv or=u pue moﬁocmv—OhQ\<N—N: owr ¢ I0J
asop Surfeay 91-CI ‘91 =1 19,6 uonesrdopuny vA (P, 8y -Sw ¢
(%50) 8 ow g Jrey 1e ojozerdaw(y € TI-L0T=utL> %6t onauDjoId/VYTH %ST ‘IN %E€ —L0) ojozerdow 9t (11) Tresseq
(307> ow ¢ 10§ (307>
URIP[IYD 10§ /(| %01 uoneordopuny UIP[IYD 10f P/ O
8 07< udIpIYd 10§ 61—+ oSuer €T ouIpnIuL 8 07< uaIp[iyo 10j (o1 e w
or1) L ow g  pBuw (g) oozeidow s P'ST uedy ‘%L1 opudest) IN IV p/8w o) ofozerdow 7§ Towjog
juouI)EOI) JuSUIEI) u £ ‘a08y juouI)EoI) Aypiqiowo)) juouneor) Surfeoy u Q0ULIOJOY
Jo puag QdUBUJUIRI s1a1o1dwo) pajrey A[snoraaig

sonstjoereyd uonemndod Apmg

delayy adueualulew |dd buunp sjuaned dujeipad ul swoldwAs xnpyal Jo/pue spibeydoss xn|yas 1oy sayel asdejas bunsodas saipnis jo Alewwns ‘z 379v.L

www.jpgn.org

Copyright 2010 by ESPGHAN and NASPGHAN. Unauthorized reproduction of this article is prohibited.



JPGN e Volume 00, Number 00, Month 2010 Pediatric Maintenance With PPIs

TABLE 3. Relapse of reflux esophagitis and reflux symptoms after stopping PPI therapy

Relapse after PPI cessation

Healed reflux Reflux Reflux symptoms,
Reference Study population Age, y n Treatment esophagitis,* n esophagitis, n (%) n (%)
Krischer Chronic comorbidity Mean 9.3, range 11 8-12 wk with 8 — 2/11 (18%)
et al (19) not reported 1-15 omeprazole at
All refractory to antacids, 20mg/d
H,RAs, and prokinetic
drugs
Cucchiara No chronic comorbidities ~ Median 6.6, range 21 8 wk with omeprazole 18 — 16/21 (76%)
et al (18) All unresponsive to 1.5-12 Img kg '-d!
H,RAs and cisapride N
De Giacomo  All refractory to H,RAs Median 6.3, 10 3 mo with omeprazole 10 3/10 (30%) 6/10 (60%)
etal (17) and prokinetic drugs range 2—9 (40 mg/d [children of at
20% cerebral palsy least 30kg] or 20 mg/d
[children <30kg])
Boccia Previous failed treatments ~ Median 9, 48  6-mo maintenance with omeprazole 46 1/46 (2.2%)" at 3 mo  12/46 (26%)
et al (9) not reported range 2.5-14 0.7 mg-kg~'-d~" (16 patients), at 30 mo

No chronic comorbidities

Healed reflux esophagitis
after 3-mo omeprazole
(1.4 mg-kg™'-dh

ranitidine 10mg-kg~'-d~"
(16 patients), or placebo
(14 patients)

EA = esophageal atresia; GERD = gastroesophageal reflux disease; H,RA = histamine 2 receptor antagonist; NI = neurological impairment; PPI = proton

pump inhibitor.

%Reﬂux esophagitis defined as at least grade I according to the Hetzel et al classification (14).
"Reflux esophagitis defined as at least grade II according to the Hetzel et al classification (14).

30 months after stopping maintenance therapy with omeprazole,
ranitidine, or placebo. One patient showed relapse of reflux eso-
phagitis 3 months after stopping maintenance therapy and received
further treatment. An additional 12 patients (25%) had reflux
symptoms after stopping maintenance therapy, all of which were
deemed ‘‘sufficiently mild to discontinue treatment.”” However, no
endoscopies were performed at the 30-month follow-up, making it
impossible to determine whether reflux esophagitis also remained
in remission in this time frame.

Additional 3 studies assessed only relapse of reflux symp-
toms (and not reflux esophagitis) after discontinuing PPI mainten-
ance treatment. In the first study (18), 21 patients ages 1.5 to 12
years (median age 6.6 years) with recurrent reflux esophagitis (at
least grade II according to the Hetzel et al classification) were
prospectively followed during an 8-week treatment with omepra-
zole, I mg-kg™'-day~'. Treatment resulted in dramatic improve-
ment or complete disappearance of both reflux symptoms and reflux
esophagitis. Reflux symptoms recurred in 16 (76%) patients (sever-
ity and frequency not specified) within 2 months after ending
PPI therapy.

Inasecond study (19), 11 children (mean age 9.3 years, range
1-15 years) with severe reflux esophagitis (defined as at least grade
IT according to the Hetzel et al classification) that was unresponsive
to treatment with Gaviscon, cimetidine/ranitidine, and/or cisapride
received omeprazole, 20 mg/day, for 8 to 12 weeks. All of the
patients had significant symptom relief, and resolution of reflux
esophagitis was observed in 8 who underwent endoscopy. However,
reflux symptoms recurred in 2 patients (18%) at an unspecified time
after stopping omeprazole treatment.

Although they did not directly assess relapse following
treatment discontinuation, the studies by Bohmer et al (10) and
Hassall (11), described in detail in the previous section (Table 2),
provide evidence that reducing the PPl dose can provoke
relapse of reflux esophagitis and reflux symptoms in some
pediatric patients. In both of these studies, patients experienced

www.jpgn.org

relapses when the healing dose of PPI was halved for mainten-
ance therapy. In addition, most of these patients showed
rehealing/resolution of symptoms when the dose was increased
again.

Although histological esophagitis is not classified as reflux
esophagitis according to the recently published Definition of
GERD in Pediatric Patients (20), studies that assessed histological
esophagitis provide some supportive evidence for the need for
maintenance PPI therapy. In 1 prospective study, histological
esophagitis was defined as more than 2 eosinophils per high-power
field and basal zone hyperplasia of >20%, or the presence of >2
neutrophils per high-power field. Patients with reflux esophagitis
(defined as at least grade II according to the Hetzel et al classi-
fication) were excluded. In this study, 17 pediatric patients (mean
age 10.7 years, range 2—17 years) with persistent histological
esophagitis despite treatment with histamine-2 receptor
antagonists were treated for 8 to 12 weeks with a mean healing
omeprazole dose of 0.7mg-kg '-day”' (range 0.26—
1.35mg-kg ™' -day™"). One patient had mild developmental delay
and 2 patients had repaired esophageal atresia and tracheoesopha-
geal fistula. After this treatment, histological esophagitis had
healed in 6 patients (21). Five of the 6 patients had a relapse of
reflux symptoms after treatment was stopped (time frame not
specified); the sixth was lost to follow-up.

Some indirect evidence for the need for maintenance treat-
ment is also provided by a study of 19 infants (ages 2.8—6.0 months)
with histological esophagitis (assessed by papillary height and basal
layer thickness) who were in the placebo arm of a trial (22).
Symptoms and esophageal histology were assessed at baseline
and at 2, 4, 6, and 12 months into the study; infants were given
the active drug if both symptoms and histology were unimproved at
any 1 visit. After 12 months, 6 patients required rescue and 3
withdrew. Although symptoms improved in all of the 10 infants
who did not require the active drug, esophageal biopsies were
abnormal at every assessment.
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Tolerability of Maintenance PPl Therapy in
Pediatric Patients With Reflux Esophagitis

Four studies of PPI treatment in pediatric patients with
previously healed reflux esophagitis reported rates of adverse
events. In the study by Hassall et al (16), PPIs were used in 86
patients (52%) for 0.75 to 3 years and 80 patients (48%) for 3 to 11
years; omeprazole was the most commonly prescribed PPI (91%),
followed by lansoprazole (10%). Only 6 adverse events potentially
related to PPI use (nausea, vomiting, diarrhea, rash, agitation, and
irritability) were recorded among 4 children, 3 of whom were taking
omeprazole. A subgroup of 62 patients in this study had >1 set of
gastric biopsies during routine clinical care. Assessment of these
biopsies showed that these children did not develop atrophic
gastritis, carcinoid tumors, or clinically significant enterochromaf-
fin cell-like hyperplasia (23). In a retrospective study of 113
children receiving continuous lansoprazole or omeprazole (mean
ages 6.7 and 8.3 years, respectively) for at least 1 year (64%
lansoprazole [mean dose 1.42mg-kg™' - day~'], 22% omeprazole
[mean dose 1.15mg-kg™"'-day~']), adverse events were reported
by 12% of children; diarrhea (5%) and constipation (4%) were the
most common (24). No clinically apparent adverse events were
observed in the study by Pashankar et al (12). In addition, in the
study from Hassall (11), omeprazole was well tolerated and no
serious adverse events could be attributed to the drug.

There was 1 death in the Hassall study (11) (data retrieved
from the 1-678 clinical study report) after 21 months on omeprazole,
15 mg/day. The patient was already severely ill, had a history of
glycogen storage disease, and experienced a 24-hour period of
nausea and vomiting, extremely low blood glucose levels, and
subsequent death from cardiac arrest. A causal relation with ome-
prazole treatment was not found. Among other treatments, the
patient was taking cisapride. Overall, in this study, omeprazole
was well tolerated and there were no serious adverse events that
could be attributed to the drug.

DISCUSSION

Few studies have documented the efficacy of maintenance
treatment with PPIs in pediatric patients after healing of reflux
esophagitis. The small number of studies identified in the present
review suggests that PPI maintenance therapy in pediatric patients
ages 1 to 17 years is associated with low relapse rates for reflux
esophagitis (0%—25%) and reflux symptoms (0%—34%) for follow-
up durations of 6 to 90 months. Indeed, no relapses of reflux
esophagitis in 6-month to 4.4-year follow-up were reported during
PPI treatment in 3 of the 5 studies reviewed. In the remaining 2
studies, relapse of reflux esophagitis (14% and 25%) and reflux
symptoms (14% and 34%) (after 3- and 21-month follow-up)
occurred only when half the healing dose was used but resolved
again in most patients when the healing dose or higher was given.
The relapse rates observed for reflux symptoms and reflux eso-
phagitis in patients receiving suboptimal PPI doses suggest that
long-term therapy at the full maintenance dose is needed in some
children. In studies in which patients stopped PPI treatment after
healing, rates of relapse of reflux esophagitis and reflux symptoms
were variable (2.2% and 30% (9,17) for reflux esophagitis; 18%—
76% for symptoms (9,17—19)). (The duration of follow-up was 2
and 3 months in 2 studies, and not specified in the other 2 studies.)
In the studies that reported tolerability data, adverse events associ-
ated with maintenance PPI treatment appeared to be infrequent and
of low severity. Thus, the evidence indicates that maintenance
therapy, when required, should provide a favorable benefit-to-
risk ratio.

6

Differences in relapse rates between studies may be
accounted for by the different patient populations involved. The
lowest rates of relapse of reflux esophagitis and reflux symptoms in
prospective studies were seen in the Boccia et al study (9). A
distinguishing feature of this study was the exclusion of pediatric
patients with chronic comorbidities such as repaired esophageal
atresia or tracheoesophageal fistula and neurological impairment. In
contrast, 48% to 100% of patients in the maintenance phases of the
remaining studies had these conditions (Table 2). This finding is
consistent with the recent Global Definition of GERD in Pediatric
Patients, which identified these disorders as predisposing to
chronic, severe GERD (20). The recent joint clinical practice
guidelines produced by the European Society for Pediatric Gastro-
enterology, Hepatology, and Nutrition and the North American
Society for Pediatric Gastroenterology, Hepatology, and Nutrition
for the diagnosis and management of pediatric gastroesophageal
reflux attributes the recurrence of symptoms after repeated trials of
PPI withdrawal to chronic-relapsing GERD and recommends long-
term PPI therapy or surgery as therapeutic options in such situations
(8). The low relapse rates observed by Boccia et al (9) suggest that
reflux esophagitis in pediatric patients who do not have certain
chronic comorbidities may require only PPI healing treatment and
not maintenance therapy. Conversely, patients with reflux esopha-
gitis who have underlying predisposing disorders are likely to need
long-term PPI maintenance treatment. This view is supported by the
study of Hassall et al, which found that 131 (79%) of 166 patients
(mean age 7.8 years) taking PPIs for longer than 9 months had these
underlying conditions (16). However, the only other study (18) of
pediatric patients with GERD that excluded patients with chronic
comorbidities reported far higher rates of reflux symptom relapse
than Boccia et al (9) (76% compared with 26%). In this study, the
frequent relapse of reflux symptoms may be attributed to the
inclusion (due to selection bias) of a large proportion of patients
who were refractory to non-PPI treatment. Therefore, the popu-
lation of this study may have been enriched with individuals with a
propensity to relapse.

In adults, GERD is recognized as a chronic disease requiring
long-term maintenance PPI therapy (2,25). There is evidence that
the symptomatic manifestation of reflux disease is different in
infants (younger than age 1 year) compared with children and
adolescents (1—17 years). Specifically, a large proportion of infants
have regurgitation (due to volume reflux) that spontaneously
resolves with age (20), whereas GERD in childhood appears to
have a manifestation similar to that of GERD in adults, with
symptoms persisting for many years (26—28). However, reflux
esophagitis appears to be the same disease in pediatric patients
as young as 2 months as it is in adults. This has been demonstrated in
short-term studies of reflux esophagitis healing, which show that
esomeprazole is efficacious for healing reflux esophagitis in
pediatric patients (29,30) and adults (31-34). Furthermore, the
physical description of reflux esophagitis is the same in pediatric
and adult patients (20).

The data presented in the present review suggest that the
clinical presentation of reflux esophagitis is similar in pediatric and
adult GERD populations, but it is difficult to determine the chroni-
city of reflux esophagitis in the pediatric population. Rates of
relapse of reflux esophagitis in the absence of PPI treatment in
adults are generally higher than those found for pediatric patients in
the present review. In particular, the Cochrane review found that on
average (across 9 studies), 78.8% of adult patients taking placebo
experienced relapse of reflux esophagitis in 12- to 52-week follow-
up, compared with 21.7% of patients in PPI treatment groups (3).
However, the paucity of pediatric studies and small patient numbers
in the studies that have been performed make it difficult to draw
firm conclusions. As discussed above, results from these pediatric
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studies indicate that GERD may be more persistent in children with
comorbidities such as neurological impairment, repaired esopha-
geal atresia, or tracheoesophageal fistula.

One of the studies (11) reviewed in this article reported that
reflux esophagitis and reflux symptoms often recurred in the
absence of each other, suggesting a ‘‘disconnection’” between these
2 outcomes. This is consistent with data showing that approximately
one third of adults with reflux esophagitis do not have typical reflux
symptoms or are asymptomatic (35,36) and that GERD without
reflux esophagitis is also common. This is supported in the pediatric
age group in the study by Orenstein et al (22), which showed that
infants with abnormal esophageal biopsy in the placebo arm of a
treatment trial never had normal biopsies in 1 year of follow-up,
despite resolution of reflux symptoms. It is possible that some of the
patients in other studies reviewed in this article, who only reported
long-term symptomatic endpoints after stopping PPI treatment,
could have had relapse of reflux esophagitis.

The main strength of the present review is the use of unbiased
systematic search criteria. The search string used was a modified
version of that used in the highly regarded Cochrane review, which
addressed similar questions of PPI maintenance therapy in the adult
GERD population. In addition, these systematic search criteria were
applied across a range of databases, including a conference abstracts
database, ensuring wide coverage of the international medical
literature.

A major limitation of the literature in this area is the small
number of well-designed standardized studies from which to draw
conclusions. The prospective studies in particular included small
numbers of patients, and definitions of reflux symptoms and reflux
esophagitis were not consistent across studies. Moreover, some
long-term studies investigated only the relapse of reflux symptoms
and did not monitor reflux esophagitis endoscopically. Few studies
included placebo groups because of the ethical difficulties associ-
ated with the inclusion of placebo groups in pediatric study popu-
lations. Given this limitation, clinical practice databases such as the
UK General Practice Research Database and The Health Improve-
ment Network are useful resources for investigating GERD in
children (37). Finally, some of the studies were reported only in
abstract form, which meant that the full details of exclusion criteria
and methodology were not available. Full publication of such
studies is obviously important to allow comprehensive comparisons
to be made between studies.

In conclusion, this review highlights the paucity of data on
PPI maintenance therapy in pediatric patients with healed reflux
esophagitis. Maintenance PPI treatment in this age group appears to
be required by children with certain chronic disorders (neurological
impairment, repaired esophageal atresia, or tracheoesophageal
fistula). The sparse available data suggest that in pediatric patients
who need maintenance therapy, PPlIs are effective in preventing
relapse of reflux esophagitis and are well tolerated.
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