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Abstract

Gastroesophageal reflux disease (GERD) is frequent and prolonged in
esophageal atresia (EA) pediatric patients requiring routine use of proton
pump inhibitors (PPls). However, there are still controversies on the
prophylactic use of PPls and the efficacy of PPls on GERD and EA
complications in this special condition. The aim of the study is to assess the
prophylactic use of PPIs in pediatric patients with EA and its complications. We,
therefore, performed a systematic review including all reports on the subject
from 1980 to 2022. We conducted meta-analysis of the pooled proportion of
PPl—and no PPI groups using random effect model, meta-regression, and
estimate heterogeneity by heterogeneity index /2. Thirty-eight reports on the
topic met the criteria selection, representing a cumulative 6044 patients with
EA. Prophylactic PPI prescription during the first year of life does not appear to
prevent GERD persistence at follow-up and is not associated with a
significantly reduced rate of antireflux surgical procedures (ARP). PPls improve
peptic esophagitis and induce remission of eosinophilic esophagitis at a rate of
50%. Their effect on other GERD outcomes is uncertain. Evidence suggests
that PPIs do not prevent anastomotic stricture, Barrett's esophagus, or
respiratory complications. PPl use in EA can improve peptic and eosinophilic
esophagitis but is ineffective on the other EA complications. Side effects of
PPls in EA are almost unknown.

Are Proton Pump Inhibitors Useful in Esophageal Atresia?
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1 | INTRODUCTION

Esophageal atresia (EA) is the most frequent congeni-
tal esophageal malformation accounting for 1.8-2.4
cases per 10,000 births. Despite good survival, short-
and long-term morbidities are significant.'™ Gastro-
esophageal reflux disease (GERD) affects more than
50% of patients in their lifespan and is involved in the
pathophysiology of most EA complications: anasto-
motic stricture, peptic esophagitis, Barrett's esophagus,
feeding disorders, increasing dysmotility, respiratory
problems, and decreased quality of life."® Therefore,
antiacid therapy, mainly proton pump inhibitors (PPIs),
is widely prescribed to prevent or treat complications.
PPIs are also prescribed in eosinophilic esophagitis
(EoE), which is frequently associated with EA.>* PPIs
prescription in EA has been addressed in the
ESPGHAN-NASPGHAN Guidelines, the recommenda-
tions of which were based mainly on expert opinion
during the first year of life.®> As evidence of benefits are
weak, long-term use of PPls raises safety concerns.
Morever, indications and duration of PPls therapy
varied widely among centers as demonstrated by a
recent survey on the GERD management of EA
patients.®

Herein, we aimed to gather and review the results of
available clinical studies, to evaluate evidence in the
use of PPls in pediatric patients with EA, with a special
focus on benefits and risks during the first years of life.

2 | METHODS

A literature search was performed using PubMed,
Cochrane, and EMBASE, following Preferred Report-
ing Items for Systematic Reviews and Meta-
Analyses guidelines’ (Figure 1). Two reviewers (G. D.
and F. G.) analyzed the papers independently. The
following search definitions were used:

— EA: Congenital anomalies with an interruption in the
continuity of the esophagus, with or without persist-
ent communication with the trachea.

— Long gap EA (LGEA): Delayed esophageal repair
(after age 1 month) due to the gap length (excluding
patients in whom surgery was delayed for reasons
other than gap length such as extreme pre-
maturity and severe malformations).® Since the
definition of the long gap is not consensual and
was lacking in many papers of our literature review,
we decided to take this rough definition of an
anastomosis delay due to the length of the gap

anastomotic stricture, Barrett's esophagus, child, eosinophilic esophagitis, gastroesophageal reflux

What is Known

e Chronic  gastroesophageal reflux dis-
ease (GERD) is the most frequent problem
in esophageal atresia pediatric patients.

* Proton pump inhibitors (PPIs) are commonly
prescribed in this special condition.

e The question of prophylactic use and the
efficacity of PPIs on GERD and other esopha-
geal atresia complications is still debated.

What is New

* PPIs improve peptic esophagitis.

¢ PPIs do not assure effective prevention or
treatment of anastomotic stricture, Barrett's
esophagus, or respiratory complications in
esophageal atresia pediatric patients, nor
prevent antireflux surgery.

* Their side effects are almost unknown.

rather than the type of EA or measurement of
the gap.

GERD assessment: The consensual definition is
suggestive clinical symptoms AND positive pH/
impedance monitoring (MIl-pHm) and/or peptic
esophagitis at esogastroduodenal endoscopy
[EGD]), and anatomopathology.® Since the literature
did not systematically use this definition, we focused
our analysis on peptic esophagitis which was
defined as macroscopic and/or histological changes.
We looked at any objective measurement of GERD:
pHm and/or Mil-pHm. We also looked at clinical
symptoms suggestive of GERD (regurgitations,
burns, dysphagia).

Anastomotic strictures (AS): Symptomatic reduction
of the diameter of the esophagus anastomosis,®
assessed by EGD and/or barium study and clinical
signs® where early AS was occurring within the first
month after EA repair, recurrent AS was requiring
>3 dilatations, and refractory was requiring
>5 dilatations at maximal 4-week intervals.®
Intestinal metaplasia (IM)/gastric metaplasia (GM):
Extension of salmon-colored mucosa into the tubu-
lar esophagus extending =1cm proximal to the
gastroesophageal junction (GEJ) with anatomo-
pathological confirmation of IM (replacement of
esophageal squamous epithelium by intestinal
epithelium containing goblet cells)'® or GM (replace-
ment of esophageal squamous epithelium intestinal

50017 SUOLULUIOD SISO 3|01 (ddke aU) A PoUBAOB 18 SDDILE VO ‘35N JO SBINI 0} AR2iq 1 BUIIUO AB]1A U0 (SUONIPUOD-pUE-SWLBY W00 3| 1 ARG PUIUO//ST1IY) SUONIPUOD PUE S | 3495 *[1202/20/T0] Uo ARl i 8UlIUO A81M ‘RIa 311118 NIUD Ad STTZT Eud[/Z00T 0T/10p/w00™/a | 1w ARIqIRUIUO//STNY WOIJ POpeOUMOQ ‘0 ‘TOBFIEST



DIMITRQOV ET AL.

Records identified
through PubMed
(n=563)

Records identified
through EMBASE

N

(n=275)
N /
N
N
~ /

Records screened
after duplicates
removed
(n=813)

Records identified
through Cochrane
(n=4)

Records excluded after

A4

Full text articles
assessed for eligibility
(n=86)
|
|

* screening of titles/abstracts
(n=727)

Not relevant to outcome (N=6)
» Lack of access to full text (N=3)

|
v
Records included in

the review
(n=38)

FIGURE 1

by gastric fundic type epithelium [surface mucus,
parietal, and chief cells], and/or gastric cardiac type
epithelium [mucus-secreting cells])."

— EoE: Clinicopathologic disorder of the esophagus,
characterized by the association of upper gastro-
intestinal symptoms with esophageal mucosa con-
taining at least 15 eosinophils per high-power field.'?

— Respiratory morbidity: cough, dyspnea, asthma,
tracheomalacia, or need for respiratory
medication.'®

2.1 | Inclusion criteria

We included articles published in English between
1980 and 2022 involving human participants for which
articles were available in full-text format. Meta-
analyses, systematic reviews, cohort studies, and
case—control studies, including clear definitions of EA
complications were included.

2.2 | Exclusion criteria

Gray literature, animal studies, studies with
inaccessible full text, and studies published before
1980 were excluded.

2.3 | Search strategies

PubMed, EMBASE, and Cochrane were searched using
keywords “esophagus atresia,” “gastroesophageal

Review paper, no original data (N=2)
Did not meet eligibility criteria (N=37) *

Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow chart of study identification and selection.

reflux,” “child,” “newborn,” “preschool,” “school,” “proton
pump inhibitor” (including omeprazole, esomeprazole,
lanzoprazole, pantoprazole, rabeprazole).

We defined five questions to be answered since
they remain nonconsensual and practices vary widely
among centers:

(1) What is the efficacy of PPIs in objective assess-
ment of GERD, symptoms, and peptic esophagitis?

(2) Can PPIs substitute in some case cases for
antireflux surgical procedure (ARP)?

(3) Are PPIs effective in preventing and treating AS?

(4) What is the efficacity of PPls in preventing and
treating of EoOE, respiratory complications, and
in LGEA?

(5) What are the adverse effects of PPIs?

2.4 | Statistical analysis

We conducted a meta-analysis of proportion on the two
groups of studies: those with PPI use and those without
PPl use.” We used the arcsine transformation to
normalize the distributions of proportions.' The pooled
proportion (with 95% confidence interval [CI]) was
computed using a random effect model with the
restricted maximum likelihood method. The heteroge-
neity of studies was assessed using the heterogeneity
index /2. The effect of PPl use on the difference in
the pooled proportions was evaluated using a meta-
regression with the PPl use (yes/no) as dependent
variable. The results were presented using forest
plots. The prevalence of esophageal histological
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ey
complications in EA were estimated using the same
method without subgroup comparisons. Five published
studies were comparative. Two studies compared the
occurrence of acidic GERD according to the PPl use
and three studies the occurrence of AS, all of them use
odds ratio (OR) as effect sizes. We combined the
results of these studies using meta-analysis of OR with
fixed study effect. All statistical analyses were per-
formed using the R software (version 4.2.3) with the
packages meta and metafor and with the REVMAN
software (Cochrane collaboration V5).

3 | RESULTS

We selected a total of 38 reports on the topic that met
the criteria selection (Table S1), representing a
cumulative 6044 patients with EA.'®>° Fourteen
studies were prospective and 24 were retrospective.

3.1 | Prevalence of GERD outcomes
and related complications

Nine prospective and seven retrospective studies
(representing 2318 patients) addressed the question
of the frequency of esophageal histological complica-
tions in EA (Figure S1).20:2125.27.29.39.49.55-61 \Whan
confirmed by MIl-pHm or esophageal biopsies, GERD
is present among more than 25% of EA patients of all
ages (Figure 82).16’20_22’24'25’27’29'33’39'42’49'52_57'59_77
Figure S3 represents the pooled prevalence of GERD
outcomes with 95% CI according to the different ages.
Histological esophagitis prevalence is high in patients
with EA [estimated pooled prevalence 54% (95% CI:
48%—60%)]; however, when considering only moderate
and severe cases, this rate drops to 11% (95% CI:
5%—-18%). IM remains rare (<1% [95% CIl: 0%—1%]).
To date, only 16 cases of pediatric IM have been
reported (Figure S1D). The prevalence of GM [7%
(95% CI: 2%—15%)] varies from 1.3% in infancy to 26%
in adolescence. Less than 30% of GM disappeared
with PPI treatment, while no case of IM regression was
reported.

3.2 | PPI effects on esophagitis, acid/
nonacid reflux, and symptoms

Evidence for the efficacy of PPIs for GERD and
esophagitis is weak, due to a lack of well-designed
studies, regarding both sample size and methodology
(Table 1). The use of prophylactic PPIs (pPPIs) in the
first year of life does not prevent objectively assessed
GERD persistence at follow-up.'®2” Two studies'®?
including a comparative group shows a pooled OR of
0.75 (95% CI: 0.32; 1.74) (PPI vs. no PPI), p=0.50

(Figure S4A). Although a significant rate of refractory
esophagitis with PPIs is reported in patients with EA.
PPl use improve peptic esophagitis in more than 50%
of cases.?0:22:24:33:39.44.53 N robust evidence is availa-
ble on PPI efficacity on other outcomes of GERD (i.e.,
MIl-pHm and symptoms) in EA (Table 1).

3.3 | PPIs and ARP

Prophylactic use of PPIs during the first year of life was
not associated with a significantly lower ARP rate at
follow-up (Figure 2A,B): 18% (95% CI: 13%—24%) in
PPI use group versus 19% (95% CI: 14%—-24%) in no
PPl use, p=0.82 (comparison of pooled prevalence
using test of meta-regression). Rate of LGEA [0.16
(95% CI: 0.12—0.21)] in the pPPI group was signifi-
cantly higher (p=0.03) than in “no PPI” group [0.10
(95% CI: 0.08-0.14)] (Figure 2C,D). Even after the
exclusion of all LGEA cases (Figure 2E,F) PPl have not
been shown to replace surgical fundoplication: ARP
rate 3% (95% ClI: 0.02%—-8%) in PPl group versus 7%
(95% Cl:3%—14%) in no PPI group, p=0.12.

3.4 | PPIs and AS

The differences in AS formation/recurrence rates in
prophylactic versus nonprophylactic PPl users during
the first year of life in patients who underwent surgery
at birth for EA are shown on Figure 3A,B. The pooled
prevalence of AS in the nine studies with PPl use was
41% (95% Cl: 32%-49%) versus 35% (95% Cl:
30%—40%) in the 24 studies with no PPl use. This
difference did not reach statistical significance
(p=0.23; test of meta-regression), with same LGEA
rate in both groups: pPPI: 0.11 (95% CI: 0.05; 0.17)
versus “no pPPI” 0.11 (95% CI: 0.08-0.14), p=0.93
(Figure 3C,D). Similarly, no effect of PPl was observed
on rAS (subgroup pPPI: 0.21 (95% CI: 0.13; 0.30) vs.
no PPI subgroup 0.18 (95% CI: 0.14; 0.23); p =0.63)
(Figure 3E,F).

When analyzing the three studies including a
comparison group,?'?°*! we neither could find any
effects of PPl on AS (OR: 0.90; 95% CI: 0.60-1.37,
p =0.64 (Figure S4b).

3.5 | PPIs and EoE

Only one study®' has addressed the relations
between neonatal pPPl use and later EoE occur-
rence, demonstrating a positive association between
PPl duration (p=0.018) and cumulative dose
(p =0.017) with EoE development in EA. When EoE
was associated with EA, PPls alone induced remis-
sion in 50%—66%2°4350:23 of patients.
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DIMITROV ET AL.

(A) rate of ARP in no PPl group (B) rate of ARP in pPPI group
Study Cases Total Prevalence  95%Cl
Study Cases Total Prevalence ~ 95%Cl
(78) Gauthier 1980 15 113 0.130.08;020)
(79) Mercier 1984 1% 7 019 [0.11,029) —#— (40)  Konlin 2003 17144 012007019 *
(80) Black 1991 16 116 014 [0.08,021] -# (20) Burjonrappa2011 17 51 033[0.21,047) ——
(81) Montgomery 1993 9 106 0.08 [0.04,0.15] # (42) Legrand 2012 N 51 039 (0.26,052] ——
(82) Wheatley 1993 21 62 0.34 [0.23; 0.46] —a— @41) La2on 53 306 013010.047 &
(83) Engum 1995 5 223 025 (020,031 # (25) Peit2019 o008
(84) Sparey 2000 21120 017 (011,025 (53) Yasuda20d 78 30 02502003 &
{gi; Banﬁ‘afggg; g? 2% ggg {gfgg;‘;} l"— (32) Campos2020 37 247 015004102 &
oo 22 DALY, (24) Lepune202t 1421287 0410009013 &
Egj; Lzy‘wz’é?;”m ;g gg g;; {g?gg;g} . (38) KameZ2 13 &5 02008 —4—
o T S 21)  Donoso 2022 147 0020000009 &
(56) Koziarkiewicz 2015 3% 0.10 [0.01;0.24] —— f21) ! ]
(46) Porcaro 2017 26 105 025(017,034) —=— R
(88) Jonsson 2019 25 99 025 [017,034)
0 02 04 06 08 1
Subgroup no PPI: 0.19 (95%Cl 0.14;0.24); 1: 79%  Subgroup PPl : 0.18(95%CI 0.13;0.24) ; 17 :93%
Test pPPI versus no PPI: p=0.82
(®) rate of LGEA in no PPI group (D) rate of LGEA in pPPI group
Study Cases Total Prevalence  95%Cl
(78)  Gauthier 1980 9 13 008[004014) Stuty Cases Total Prevalence 95
79) Mercier 1984 13 73 018 (0.10;0.28) —#— .
(80) Black 1991 17 116 015 [009022] - (43) Konkin 2003 36 14 025[013032] -+
(S Sihvebie. 20) Bupnapadtt 5 51 010(003.020 4
(81) Montgomery1993 15 106 014 [0.08;022) - (20) i $ 5 ik -
(82) Wheatley 1993 0 ®  ompone :ﬁ; b o 015{0-12:019} .
(83) Engum 1995 2 2 0.14 0.10;0.19) o
Go s Q@ - = £0 oEo
(85)  Yanchar 2001 3 87 0.03 0.00;0.09) 25,0,
(62) Deurloo 2002 21218 008 (005011 @ (32) Campos2) 32 241 01300807
(86) Taylor 2007 13 132 0.10 (0.05,0.16) W (24) Leeune202t 1801287 014[01201G
(67) Koiwusalo 2013 18 130 0.14 [0.08;020) - (38)  Kambe 2022 T4 016[0060% —4—
(s6) Koziarkiewicz2015 2 30 0.07 0.00;0.19) —+— (21)  Donoso 2022 247 004[000,012 #=
(87) Dingemann 2016 1 75 0.15[0.07,0.24] —#
(a6) Porcaro 2017 13 105 0.12[0.07,0.19) = 0 02 04 06 08 1
(88) Jonsson 2019 17 99 017 [0.10;0.25]I -+

(E)

(78)
(79)
(80)
(81)
(82)
(83)
(84)
(85)
(62)
(86)
(67)
(56)
(87)
(46)
(88)

Subgroup no PPI: 0.07 (95%CI 0.03; 0.014); 1% 92%

0 02 04 06 08
Subgroup no PPI: 0.10(95%Cl 0.08;0.14); 1% 73%

I T

T

T

1

Subgroup PPI: 0.16 (95%Cl 0.12;0.21); I? :88%

Test pPPI versus no PPI: p=0.03

rate of ARP in no PPI group

Cases Total Prevalence

95% CI

0.06 [0.02;0.11) W
0.02 [0.00;0.07) W
0.00 [0.00; 0.02]&
0.00 {0.00; 0.02]&
0.34 [0.23; 0.46)

——

0.13 [0.08;0.18] -

0.07 [0.03;0.13]
0.31 [0.21;0.41)

—

0.16 [0.11,0.20) &

0.01 [0.00; 0.04]
0.13 [0.08; 0.20]
0.04 [0.00; 0.15) W—
0.00 [0.00; 0.03]®
0.14 [0.08;0.22)

(LGEA excluded)

Study

Gauthier 1980 6 104
Mercier 1984 1 60
Black 1991 0 99
Montgomery 1993 0 9
Wheatley 1993 21 62
Engum 1995 24 191
Sparey 2000 8 107
Yanchar 2001 26 84
Deurloo 2002 40 257
Taylor 2007 1 119
Koivusalo 2013 15 112
Koziarkiewicz 2015 1 28
Dingemann 2016 0 64
Porcaro 2017 13 92
Jonsson 2019 8 82

-

-

0.10 [0.04;0.17) -
T T

0 02 04 06 08

T

T

T

1

(F) rate of ARP in pPPI group
(LGEA excluded)
Study Cases Total Prevalence  95%Cl

(43)  Konkin 2003 0 108 0.00 {0.00;0.02)®

(20)  Burjonrappa2011 12 46 026 [0.14;040) —%—
(42)  Legrand 2012 14 49 0.29 [0.17,0.42) —a—
(41)  Lal2017 0 33 0.00 [0.00;0.01]@

(25)  Pefit2019 0 61 0.00 [0.00;0.03]®

(53)  Yasuda2019 0 208 0.00 0.00;0.01)8

(32)  Campos 2020 5 215 0.02 [0.01;0.05] m

(24)  Lejeune 2021 0 1107 0.00 {0.00; 0.00) @

(38)  Kambe 2022 5 38 0.13 [0.04;0.26) —=—
(21)  Donoso 2022 0 45 0.00 [0.00; 0.04] %

0 02 04 06 08 1

Subgroup PPI: 0.03 (95%CI 0.0002; 0.08); 1% 97%

Test pPPI versus no PPI: p=0.12

FIGURE 2 Rate of antireflux surgical procedures (ARP) and long gap esophageal atresia (LGEA) at any age according to prophylactic

proton pump inhibitor (pPPI) use during the first year of life. (A) Rate of antireflux procedure in EA patient receiving no PPI. (B) Rate of antireflux
procedure in EA patients receiving PPI. (C) Rate of long gap EA patients receiving no PPI. (D) Rate of long gap EA patients receiving PPI. (E)
Rate of antireflux surgery in EA patients excluding long gap receiving no PPI. (F) Rate of antireflux surgery in EA patients excluding long gap

receiving PPI. Cl, confidence interval. References:

20,21,24,25,32,38,40-43,46,53,56,62,67,78—-88
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DIMITROV ET AL. 9
(A) rate of overall AS in no PPI group (B) rate of overall AS in pPPI group
Study Cases Total Prevalence 95% CI
Study Cases Total Prevalence 95% Cl

(89) Pieretti 1974 77 217 0.35 [0.29; 0.42) - _
(71) Jolley 1980 125 0.44 (0.25,0.64] —— (47 Serhal 2010 z % 0.37[0.25.0.50] -~

. (20) Burjonrappa 2011 22 51 0.43 [0.30;0.57] ——
(90)  Sillen 1988 17 94 018 [0.11,027] —m— e 012 % 7 046 [0.33 0.59) -
(91)  Randolph 1989 13 39 033 [0.19,049] ~ —®— 38 Donoso 2015 % o 051 [038. 0.64] .
{92) ~ Chiftmitrapap 1990 74 199 0.37 [0.31; 0.44) - (27)  Schneider 2016 5 120 047 (038 056) -
(93)  McKinnon 1990 18 62 0.29 [0.18,0.41] — (26)  Righini Grunder2019 32 73 0.44 [0.33; 0.55] —.—
54)  Soie 1693 w5 22 0mp:os | o)  owder2022 %' ostpesoss | -a

- .33, 0. 19 owder 43;

(83) Engum 1995 74 227 0.33 [0.27;0.39] - (21) Donoso 2022 13 47 0.28 [0.16; 0.41) ——
(95)  Okada 1997 74 151 0.49 [0.41;0.57] ——
(96)  Tsai 1997 25 62 0.40 [0.28; 0.53] —— 0 02 04 06 08 1
(85)  Yanchar 2001 15 87 017 [0.10;0.26] —#—
(62)  Deurloo 2002 78 278 0.28 [0.23;0.33] -
(74)  Littie 2003 18 69 026 [0.16,0.37] ~ —@—
(97)  Holcomb 2005 33 104 0.32 [0.23;0.41) —— Subgroup pPPI: 0.41(95%Cl 0.32;0.49); 1*: 83%
(72)  Lija 2008 82 147 0.56 [0.48; 0.64) -
(98)  Lacher 2010 43 11 0.39 (0.30; 0.48] .
(69)  Zhang 2010 5 47 0.11 [0.03;0.21] —=—
(99) Chang 2012 31 72 0.43 [0.32; 0.55] —a—
(36) Donoso 2016 40 71 0.56 [0.45; 0.68] ——
(41) Lal2017 166 396 0.42 [0.37;0.47] E-3
(46)  Porcaro 2017 44 105 0.42 [0.33;0.52] ——
(26)  Righini Grunder 2019 52 134 0.39 [0.31;0.47] —-—
(21) Donoso 2022 9 18 050 [027,073] —

0 02 04 06 08 1
Subgroup no PPI: 0.35(95%Cl 0.30;0.40); I*: 88%

Test pPPI versus no PPI: p=0.23

(C)  rate of LGEA-AS in no PPI group (D)  rate of LGEA-AS in pPPI group

Study Cases Total Prevalence 95% Cl Study Cases Total Prevalence 95% Cl
g w8 om  ympmem e @ Swewps2ot 5 51 0100030 <
(01)  Randolph 1989 4 39 0.10 [0.02: 0.22] —W— (36)  Donoso 2016 8 57 0.14 [0.06;0.24] —=—
(92) Chittmitirapap 1990 7 199 0.04 [0.01;0.07] ® (27)  Schneider 2016 6 120 0.05 [0.02,0.10] =
(93) 'L“uf\.:::lo1n919390 23 gg g;? {gggggg} +' (26) Righini Grunder 2019 16 73 0.22 [0.13;0.32] ——
gz; Spitz 1993 20 272 0.1 [0_07:015] - (17) Aumar 2022 113 1082 010 [0.09;012] &
(83)  Engum 1995 29 227 013 [0.09;0.17] = (21  Donoso 2022 3 47 0.06 [0.01;0.16] =—
(95)  Okada 1997 8 151 0.05 [0.020.10] W ! ! ! ! ! !
(96)  Tsai1997 7 62 0.11 (0.04;021] —m— 02 04 06 08 1
(85)  Yanchar 2001 1 87 013 (006,021 —@— Subgroup pPPI: 0.11(95%Cl 0.05;0.17); 12: 71%
{62)  Deurloo 2002 13 278 0.05 [0.02;0.08] ®
(74)  Little 2003 10 69 0.14 [0.07:024] -—®—
(97) Holcomb 2005 6 104 0.06 [0.02;0.11] =
(720 Lilja2008 9 147 0.06 (003,011 &
(98)  Lacher2010 19 111 017 [0.11,025] -~
(69)  Zhang 2010 1 47 0.02 [0.00; 0.09] W~
(99)  Chang 2012 1 72 0.15 [0.08;0.25] —=—
(36)  Donoso 2016 5 71 0.07 [0.02;0.14] -W—
(a1)  Lal2017 61 398 015 [0.12;019]
(46)  Porcaro 2017 5 105 0.05 [0.01,0.10] W
(26)  Righini Grunder2019 21 134 0.16 (0.10;022] -®-
21)  Donoso 2022 0 18 0.00 [0.00; 0.09]=—

| I L R |

0 02 04 06 08 1

Subgroup no PPI: 0.11(95%Cl 0.08 ;0;14); 12: 86%
Test pPPI versus no PPI: p=0.93

(E) rate of rAS in no PPI group (F) rate of rAS in pPPI group

(89)  Pieretti 1974 15 217 007 [0.04,0.11] = (47)  Serhal 2010 6 62 0.10 [0.03:0.18] —=—

(;é) Jolley 1980 1M1 25 0.44 [0.25; 0.64] —_— (20)  Burjonrappa 2011 18 51 0.35 [0.23; 0.49) ——

(91) Sillen 1988 17 94 0.18 [0.11,027] —@— (27)  Schneider 2016 36 120 030 [0.22;0.39) ——

(2) Comirssep 1990 2 19 0010z W 0 umazoz Bk 0rlazoi s

(93)  McKinnon 1990 18 62 0.29 [0.18: 0.41] —a— ) mar D —r T T T 1
(57)  Lindahl 1993 3 39 0.08 [0.01;0.19] —=— 0 02 04 06 08 1
(94)  Spiz 1993 41 272 0.15 [0.11,020) =

(83)  Engum 1995 74 227 033 [0.27,0.39) -a

}gg; Qkada 1097 z 15 Sio Rasedl o Subgroup pPPI: 0.21(95%CI 0.13;0.30); I: 88%

(62)  Deurloo 2002 47 278 017 [0.13,022] =

(74)  Uitle 2003 18 69 026 [0.16;037)  —@—

(97)  Holcomb 2005 4 104 004 [0.01;0.09] W

(72)  Lilia2008 41 147 0.28 [0.21;0.35] -

(98)  Lacher 2010 21 111 019 [012,027] —=—

(69)  Zhang 2010 5 47 0.11 003,021 —#—

(41)  Lal2017 82 396 021(017,025) &

(26) Righini Grunder 2019 31 134 023 [0.16;0.31] ——

0 02 04 06 08 1

Subgroup no PPI: 0.18 (95%Cl 0.14;0.23); 12: 87%

Test pPPI versus no PPI: p=0.63

FIGURE 3 Proton pump inhibitor (PPI) effect on anastomotic stricture and on recurrent/refractory anastomotic stricture. (A) Rate of overall
anastomotic strictures in EA patients receiving no PPI. (B) Rate of overall anastomotic strictures in EA patients receiving PPI. (C) Rate of long
gap EA patients with anastomotic strictures receiving no PPI. (D) Rate of long gap EA patients with anastomotic strictures receiving PPI. (E)
Rate of recurrent anastomotic strictures in EA patients receiving no PPI. (F) Rate of recurrent anastomotic strictures in EA patients receiving
PPI. AS, anastomotic strictures; Cl, confidence interval. References:'”+19-21:26.27.36.:41,42,46,47,57.62,69,71,72,74,83,85,89-99
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affecting one-third to two-thirds of patients with EA
(Figure S2). Pooled analyses of the cited studies
confirm discordance between GERD symptoms, endo-
scopic esophagitis, histological esophagitis, and objec-
tive GERD measured by MIl-pHm. Therefore, we
intentionally focused on the most often available
outcome: peptic esophagitis. Few authors used the
complete definition of GERD or either defined in their
papers as illustrated in Table 1, for example, MIl-pHm
measurement alone and/or esophageal histology but
the clinical picture was often missing. The symptoms
(when described) were not specific, biopsies number
and localization varied, and MIl-pHm measurements
had different thresholds of positivity. These data
suggest that PPIs provide good but incomplete control
of peptic esophagitis. Histological esophagitis is half as
prevalent in patients with EA who take PPIs?93°
compared with those who do not. The mild/inconsistent
efficacy of PPIs in EA compared with its effects in the
general pediatric population could be due to nonacid
reflux,®* 198199 esophageal dysmotility,”®''%'"" inher-
ent biological vulnerability of the esophageal mucosa to
acid in EA,"""? presence of partial gastric pull-up
secreting acid, or poor compliance.?®> Only one
retrospective comparative small-sample study has
directly evaluated the ESPGHAN-NASPGHAN guide-
lines for systematic PPIs, concluding that their system-
atic use during the first year prevents esophageal,
nutritional, and respiratory complications.®*

These studies provide no evidence that PPls allow
regression of Barrett's esophagus (GM or IM) in EA.
There is an overall very low prevalence of IM (almost
1%), and a total of 16 reported pediatric cases, all
persistent despite PPls. However, we speculate that
the prevalence of Barrett's esophagus is underesti-
mated because few biopsies are performed in most
studies. It is commonly accepted that IM has malig-
nancy potential’® and that acid suppression in adults
with IM reduces the risk of esophageal cancer.’™® On
this basis, aggressive GERD treatment with PPI
therapy is required in the case of IM.°® GM is 10 times
more frequent in pediatric EA than in the general
population, but its outcome and cancer risk remain
controversial.

Our meta-analysis did not show that pPPl use
during the first year of life was associated with reduced
ARP. Two small-sample, retrospective observational
studies suggest that PPIs could be an alternative to
repeated surgery in case of ARP failure.**'"* However,
as no randomized trial comparing fundoplication versus
acid-suppressive medication has been conducted in
patients with EA, we cannot deduct causation. One
explanation may be the difference in therapeutic
strategies across centers, with some more surgically
prone (and, therefore, less likely to use PPIs), while
others more conservatively use PPI treatments for
severe GERD.

A main finding herein is the lack of a significant
association between PPl use and AS formation
confirmed by a recent meta-analysis of Wyllie et al.'®
Both acid and nonacid GERD may induce inflammation
and promote AS in experimental conditions.’'® Never-
theless, GERD's role in AS formation in human EA
remains controversial: some studies have shown a
clear association,®*8589.92,100.117.118 \yhjla others have
demonstrated a lack of association,?226:32:36:42.69.98 |
addition, the influence of ARP on AS remains debated.
Some authors have shown an association between AS
formation and ARP'7:62:89.190 which was unconfirmed
by others.?6:323¢ This suggests that esophageal acidity
may not be responsible for AS formation or recurrence,
which may instead be influenced by surgical or
anatomical factors.'” Indeed, anastomosis under ten-
sion and delayed anastomosis probably induce ische-
mic changes, leading to abnormal healing and steno-
sis.’” Despite the lack of randomized study, these data
support  hypothesis that PPIs do not pre-
Vent16,19,26,30,32,36,47,119 nor treat ASSO,32,36 and AS
recurrence.?0:32

Recent reports show that EOE occurs
significantly more frequently in patients with EA than in
either the general pediatric population or children with
GERD symptoms refractory to antireflux treatment. EoE in
pediatric patients with EA (EoE+EA+) is usually diagnosed
between ages 1.5 and 6.6 years and is >200 times more
prevalent (i.e., 9.5%—30%>>2232455053119) than in the
general pediatric population (0.89-4/10,000)."?' In their
study of outcomes after PPI treatment with topical steroids
or the seven-foods exclusion diet in patients who were
EoE+EA+, Chan et al."® reported an improvement in EoE
after a median follow-up of 23 months: significant reduction
in the intraepithelial eosinophil count, dysphagia, reflux
symptoms, stricture prevalence, and need for dilations in
both treatment options. PPIs can have disadvantages,
including precipitating EoE onset in patients with EA who
are exposed to PPIs from birth. Acid suppression in the
esophagus may induce immunoglobulin E-mediated food
allergies,'®® influence pH-protein digestion by pepsin,
antigen recognition by immune cells, and alter the mucosal
barrier, especially in long-term PPI therapy.'®® Using a
transcriptome study with 94-gene mRNA expression
signatures of EOE on esophageal biopsy specimens,
Krishnan et al. demonstrated biological susceptibility to
develop EOE in EA: 25% of those genes were dysregu-
lated in EA+EOE- compared with EA-EoE-, including
those involved with epithelial barrier function and inflam-
mation.’*® One explanation for this association may be
esophageal dysmotility and prolonged contact between
food and mucosa.""® In contrast, according to the general
clinical recommendations for EoE management,12 PPIs
are a first-line treatment responsible for 54% of clinical and
histologic responses. Possible explanations for this effi-
cacy include an anti-inflammatory effect,®* inhibition of
eotaxin-3 expression (and, therefore, reduction of

3,23,25,35,120
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eosinophil recruitment),’®® antioxidant properties,'®® and

simple reduction of gastric acid reflux. Thus, current
recommendations for EoOE treatment in the general
population should be applied in patients with EA, including
PPlIs.

One surprising finding of our review is that although
EA pediatric patients receive long-term PPI treatment,
data regarding tolerance is scarce. A structured follow-up
is usually well-organized according to consensus guide-
lines,® could facilitate long-term assessment of PPI
tolerance. Prospective long-term multicenter studies are
needed to help answer these important questions about
the benefits and risks of PPl use in patients with EA.

Our study was not without limitations. Although we
selected trials and reports according to evidence-based
criteria, they used different definitions, especially
concerning GERD, AS, LGEA, and anastomotic ten-
sion. For example, the reflux index threshold used to
define GERD was in the range of 4%—10% within these
papers, and periods of PPI discontinuation before pHm
varied from 5 days to 4 weeks. Clinical trials and
reports were also biased by factors including small
sample size, mixing samples of patients with and
without LGEA, retrospective analyses, absence of
information about anastomotic tension, variable num-
bers of esophageal biopsies, PPI doses varying in the
range of 1-2mg/kg/day within the same trial, and
unreported doses. Treatment adherence to PPls is
rarely questioned, as are administration difficulties.
This strongly suggests the need for consistent global
definitions and prospective, controlled, register-based,
or international trials with precise Mll-pH definitions of
GERD and consistent numbers of biopsies.

41 | Conclusion

Our review shows that PPl use in EA improves peptic
esophagitis but limited data on other outcomes
(symptoms, acid/nonacid reflux measured by MIl-
pHm). Available literature does not show effective
prevention or treatment of AS, Barrett's esophagus,
respiratory complications, or decrease of antireflux
surgery. Esophageal dysmotility seems to have an
important role in short- and long-term EA complications
and is likely responsible for numerous PPI refractory
symptoms. The side effects of PPIs in EA are almost
unknown. Multicentric prospective studies are needed
to guide the clinical choice of optimal treatment
strategies for these patients.
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