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SUMMARY. Up to 45% of esophageal atresia (EA) patients undergo fundoplication during childhood. Their
esophageal dysmotility may predispose to worse fundoplication outcomes compared with patients without EA.
We therefore compared fundoplication outcomes and symptoms pre- and post-fundoplication in EA patients
with matched patients without EA. A retrospective review of patients with- and without EA who underwent a
fundoplication was performed between 2006 and 2017. Therapeutic success was defined as complete sustained
resolution of symptoms that were the reason to perform fundoplication. Fundoplication indications of 39 EA
patients (49% male; median age 1.1 [0.1-17.0] yrs) and 39 non-EA patients (46% male; median age 1.3 [0.3-
17.0] yrs) included respiratory symptoms, brief resolved unexplained events, typical symptoms of gastroesophageal
reflux disease, recurrent strictures and respiratory problems. Post-fundoplication, therapeutic success was achieved
in 5 (13%) EA patients versus 29 (74%) non-EA patients (P <0.001). Despite therapeutic success, all 5 (13%)
EA patients developed postoperative sustained symptoms/complications versus 12 (31%) non-EA patients. Eleven
(28%) EA patients versus 3 (8%) non-EA patients did not achieve any therapeutic success (P=0.036). Remaining
patients achieved partial therapeutic success. EA patients suffered significantly more often from postoperative
sustained dysphagia (41% vs. 13%; P=0.039), gagging (33% vs. 23%; P<0.001) and bloating (40% vs. 17%;
P=0.022). Fundoplication outcomes in EA patients are poor and EA patients are more susceptible to post-
fundoplication sustained symptoms and complications compared with patients without EA. The decision to perform
fundoplication in EA patients with proven gastroesophageal reflux disease needs to be made with caution after
thorough multidisciplinary evaluation.
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INTRODUCTION

Esophageal atresia is a congenital anomaly which
occurs in ~2.4:10 000 births.""> As a result of
esophageal dysmotility, dysphagia is common and up
to 70% of these patients suffer from gastroesophageal
reflux disease (GERD) after surgical repair.’
Fundoplications are performed in up to 45% of
EA patients and almost all long-gap EA patients.*~3
A fundoplication aims to reduce gastroesophageal
reflux (GER) by increasing the resistance to retro-
grade flow at the level of the esophagogastric junc-
tion, but it thereby also hampers antegrade flow from

the esophagus to the stomach.””!' Complications
include worsening of preexistent dysphagia, new-
onset dysphagia, bloating, gagging/retching and feed-
ing difficulties.”'> Fundoplication can also increase
esophageal stasis, resulting in an increased direct
aspiration risk, worsening of respiratory symptoms
and/or brief resolved unexplained events (BRUEs).!3
In addition, dumping syndrome can occur in patients
post-fundoplication.'*!> Wrap failure and recurrent
GERD symptoms are reported in up to 45% of EA
patients'®?" versus 4-10% in patients without EA.'®

We hypothesized that fundoplication outcomes in
EA patients would be worse compared with patients
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without EA, because of their preexistent esophageal
dysmotility and abnormal esophageal anatomy.
We additionally hypothesized that differences in
outcomes could also be due to poor patient selection
in the EA cohort due to a lack of multidisciplinary
evaluation pre-fundoplication. Esophageal symptoms
in EA patients are often difficult to interpret. EA
patients can incorrectly be diagnosed with therapy-
resistant GERD, when their symptoms may be due
to esophageal dysmotility, eosinophilic esophagitis
(EoE) or esophageal strictures.” Performing a fun-
doplication in these patients therefore often does not
result in symptom improvement.

In this study, we aimed to assess fundoplica-
tion indications, preoperative workup, pre- and
post-fundoplication symptoms, as well as post-
fundoplication complications in EA patients and
compare those with results from patients without EA.

METHODS

Study subjects

EA patients (0-18 years) who underwent a fundopli-
cation between 1 January 2006 and 31 December 2017
in Sydney (Australia), Nagpur (India) or Amsterdam
(The Netherlands), were included. Patients with EA
type E (i.e. H-fistula without esophageal atresia) and
patients who underwent esophageal replacement ther-
apy before fundoplication were excluded.

For each EA patient, a patient without EA, with
same age and gender at time of fundoplication was
selected. If multiple patients were available, the patient
with the closest corresponding age was selected. If a
gender match was not available, only age-matching
occurred.

Ethical approval in Australia and India was
obtained from the local institutional review boards.
Because of the observational nature of this study,
AMC ethical committee judged that formal approval
of a medical ethical review board was not required in

The Netherlands (reference number: W20_403#20.451).

According to local legislation, Dutch patients were
sent an information flyer in which they were asked
for permission to use their medical data for this study.
Patients were given 6 weeks to opt out.

Study design

Retrospective chart review in EA patients and patients
without EA who underwent a fundoplication.

Study parameters

Patient characteristics, data regarding fundoplication
indication, fundoplication techniques and outcomes
were collected, as well as data regarding pre- and
post-fundoplication investigations (esophagogastro-
duodenoscopy [EGD], pH [—impedance, pH-MII]
testing and/or contrast esophagogram).

Reasons that led to the decision to perform a fun-
doplication were subdivided into: (i) proven GERD
or typical GERD symptoms (i.e. back arching and/or
gulping related to feeds in younger children, heart-
burn and/or chest pain in older children and/or regur-
gitation, erosive esophagitis or intestinal metaplasia
on EGD and/or abnormal pH-MII results); (ii) recur-
rent strictures; (iii) respiratory symptoms; (iv) intesti-
nal metaplasia; (v) BRUE.

Post-fundoplication complications and symptoms
were categorized into:

1. Postoperative perforation (leakage from the distal
esophagus or stomach, seen on contrast study/CT
scan) and/or infection (raised inflammatory mark-
ers and requirement of antibiotic therapy);

2. New-onset sustained (>8 weeks) symptoms:
dysphagia; bloating; gagging/retching; dumping
symptoms and/or feeding difficulties;

3. Recurrent and sustained symptoms (> 8 weeks)

Therapeutic success was defined as ‘complete and
sustained (>8 weeks) resolution of symptoms that
were the primary reason to perform a fundoplication’.

Post-fundoplication, patients were categorized into
one of the following therapeutic outcome groups:

1. Therapeutic success without development of
sustained post-fundoplication symptoms/compli-
cations

2. Therapeutic success with development of new-
onset or recurrent sustained post-fundoplication
symptoms/complications

3. Partial therapeutic success (i.e. resolution of only
a part of symptoms that were the primary reason
to perform the fundoplication)

4. No therapeutic success at all

Statistical analysis

SPSS (IBM Statistical Package for the Social Sciences
[SPSS] Statistics for Windows, v 26.0 Armonk,
NY: IBM Corp) was used for descriptive analy-
ses. Data were noted as median and range or as
frequency (%). Patient characteristics, preoperative
symptoms, fundoplication indications and results of
post-fundoplication symptoms in EA patients were
compared with those of non-EA patients, using x>
test in case of >10 cases and Fisher’s Exact test in
case of <10 patients. Pre- versus post-fundoplication
symptoms/complications were calculated using paired
t-test. Comparisons of the four abovementioned
treatment outcomes between EA patients and non-
EA patients were calculated using x? test for trend.
We considered a P < 0.05 as statistically significant.

RESULTS

Between 1 January 2006 and 31 December 2017, 39
EA patients (49% male, median age 1.2 (0.1-17.0)



M Diseases of the Esophagus

The International Society for

Fundoplication in children with esophageal atresia

Table 1 Patient characteristics of patients born with EA and patients without EA

Characteristics EA patients Non-EA patients P value
Gender (n, [%]) Male 19 (49) 18 (46) ns
Median age (range) 1.2 (0.1-17.0) yrs 1.3 (0.3-17.0) yrs ns
Median follow-up (range) 8.0 (0.5-12.0) yrs 7.5 (0.6-12) yrs ns
EA type (n, [%]) Type A 4 (10) n/a n/a
Type C 35(90) n/a n/a
Type of surgical EA repair (n, [%]) Primary 34 (87) n/a n/a
Delayed 5(13) n/a n/a
Fundoplication indication (n, [%0]) Recurrent strictures 31(79) 0(0) <0.001
typical GERD symptoms 31(79) 39 (100) 0.006
intestinal metaplasia 1(3) 0(0) ns
respiratory symptoms 20 (51) 23 (59) ns
BRUE 9(23) 7 (18) na
Type of fundoplication (n, [%]) Complete 32 (83) 35(90) ns
Partial 7 (18) 4 (10) ns
Open 7(18) 6 (15) ns
Laparoscopic 32 (83) 33 (85) ns
Medication at time of PPI 38 (97) 35(90) ns
fundoplication (n, [%]) Prokinetics 27 (69) 31(79) ns
Tube feeds 22 (56) 0(0) <0.001
H2RA 3(8) 0(0) ns
Baclofen 1(3) 0(0) ns

EA, esophageal atresia; GI, gastrointestinal; PPI, proton pump inhibitor; H2RA, H2RA receptor antagonist.

yrs, Table 1) and 39 matched patients without EA
(46% male, median age 1.3 [0.3-17.0] yrs) underwent
a fundoplication. Age- and sex-matching was possible
in 38/39 patients, in one case only age-matching was
performed.

Four EA patients (10%) suffered from congenital
heart disease, 15 (38%) had associated VACTERL
conditions and 1 (3%) patient was diagnosed with
CHARGE syndrome. Two EA patients (5%) were
prematurely born (<34 weeks).

Twenty-four (62%) patients without EA had a
diagnosis of GERD, considered severe enough to
perform a fundoplication, without comorbidities,
whereas 15 (38%) suffered from GERD in combi-
nation with the following comorbidities: failure to
thrive (n =10, 26%), prematurely born (n =16, 15%),
anemia (n =4, 10%), congenital diaphragmatic hernia
(n=1, 3%) or para-esophageal hernia (n=1, 3%).

Median follow-up was 8.0 (0.5-12.0) years versus
7.5 (0.6-12.0) years for patients with- and without
EA, respectively.

Preoperative symptoms and indication for
fundoplication

EA patients were significantly more often on tube
feeds at time of fundoplication (56% vs. 0%; P < 0.001,

Table 1). Preoperative dysphagia (46% vs. 0%; P < 0.001)

and feeding difficulties (28% vs. 0%; P < 0.001) were
reported significantly more often in EA patients
compared with non-EA patients (Table 2).
Thirty-two EA patients (82%) and 24 (62%)
non-EA patients had more than one indication for
fundoplication. Respiratory symptoms that were

believed to be a consequence of GERD and recurrent
BRUESs were the reason for fundoplication in a similar
number of EA versus non-EA patients (51% vs. 59%
and 23% vs. 18%, respectively; Table 1). Recurrent
strictures as an indication for fundoplication were
only reported in EA patients (79% vs. 0%; P < 0.001).
Typical GERD symptoms/complications were less
frequently reported in EA patients compared with
non-EA patients (82% vs. 100%; P =0.006). One EA
patient (6 year old, EA subtype A) had intestinal
metaplasia in the distal esophagus at time of fun-
doplication.

Investigations performed before fundoplication

In EA patients, investigations performed before
fundoplication included EGD in 33 (85%), contrast
esophagogram in 33 (85%) and pH (+/—MII)
measurement in 9 (23%). Six EA patients (15%)
underwent all three tests (Fig. 1).

In EA patients, preoperative EGD (n = 33) revealed
abnormalities in 12/33 (36%) children, including
esophageal strictures in 6 (18%), EoE in 4 (12%, >15
eosinophils/HPF and macroscopic furrowing and
exudate), hiatal hernia in 2 (6%), intestinal metaplasia
in 1 (3%) and reflux esophagitis in 1 (3%). Patients
with EoE showed decrease in eosinophils (<5/HPF)
on budesonide slurry; however, therapy refractory
GERD with persistent symptoms, abnormal pH-
MII, erosive esophagitis and intestinal metaplasia
(n=1) was still present which led to the decision
to proceed with fundoplication. Contrast esopha-
gograms (n = 34) showed strictures in 6 (18%), hiatal
hernia in 2 (6%) and esophageal diverticulum in 1
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Table 2 Pre and postoperative symptoms in EA patients versus controls

Preoperative symptoms EA patients (n =40) Non-EA P value
patients (n = 40)
Preoperative Dysphagia 18 (46) 0(0) <0.001
symptoms Gagging 5(13) 1(3) ns
Dumping 0(0) 0(0) ns
Regurgitation 25 (64) 26 (67) ns
Feeding difficulties 11 (28) 0(0) <0.001
Bloating 0(0) 0(0) ns
Failure to thrive 22 (56) 16 (41) ns
Postoperative symptoms, complications and post-fundoplication therapies
Surgical (leak/infection) 7 (18) 0(0.0) 0.002
complications
All postoperative Dysphagia 32(82) 4(10) <0.001
symptoms Gagging 18 (46) 9 (23) ns
Dumping 3(8) 1(3) ns
Regurgitation 3(8) 11 (28) ns
Feeding difficulties 15 (38) 1(3) <0.001
Bloating 16 (41) 6(15) 0.022
Newly developed
sustained symptoms Dysphagia 16 (41) 4(13) 0.039
postoperatively Gagging 13 (33) 9 (23) <0.001
Dumping 3(8) 1(3) ns
Regurgitation 2(5) 0(0) ns
Feeding difficulties 11 (28) 1(3) ns
Bloating 16 (41) 6 (15) 0.022
Recurrent sustained Any symptom 36(92) 11 (28) <0.001
symptoms recurrence
GERD 30 (78) 11(28) <0.001
Stricture 13 (33) 0(0) <0.001
Respiratory 10 (25) 0(0) <0.001
symptoms
Treatment for GERD PPI 34 (88) 11 (28) <0.001
post-fundoplication Redo fundoplication 4 (10) 3(8) ns
Esophageal 4 (10) 0(0) <0.001
replacement

EA, esophageal atresia; PPI, proton pump inhibitor; GERD, gastroesophageal reflux disease

n=4

EGD, n=33 (85%)

n=21
=
n=>5 n=6
CE,n=33 (85%) _, pH+-MII
n=9 (23%)

Fig. 1 Diagnostic tests performed in EA patients before fun-
doplication EGD, esophagogastroduodenoscopy; CE, contrast
esophagogram; pH+/—MII =pH +/—Multichannel intraluminal
impedance measurement.

(3%). Although 31 (79%) EA patients suffered from
recurrent strictures (Table 1), not all of these patients
had a stricture at time of preoperative screening as a
result of recent dilation.

Of 9 pH-MII studies performed, 7/9 (78%) were
abnormal (n=135 positive symptom association; n =2
positive symptom association and increased number
of retrograde bolus movements; none showed elevated
acid exposure times).

Twenty-six EA patients did not have any abnor-
mality reported on any of the abovementioned preop-
erative tests. Despite this, the decision to proceed to
fundoplication was made on clinical grounds. Of these
patients, 16 underwent EGD and contrast esopha-
gogram, 5 underwent contrast esophagogram only, 4
EGD only and 1 patient underwent pH-impedance
and contrast esophagogram.

In patients without EA, 38/39 (97%) underwent
preoperative testing: 38/39 underwent EGD, which
revealed reflux esophagitis in 4/38 (11%) cases. Con-
trast esophagograms were performed in 36/39 (92%)
non-EA patients, all showed normal results. None of
them underwent pH-MII testing.

Fundoplication techniques

There was no significant difference in surgical tech-
niques between both groups (Table 1). All EA patients
who underwent a partial fundoplication (n=7) had
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Table 3 Fundoplication outcome in EA patients

Fundoplication outcome: EA patients (%) Non-EA patients P value*
(%)

Complete therapeutic success, without development 0 (0%) 17 (43%) <0.001
of postoperative sustained
symptoms/complications

Complete therapeutic success, with development of 5(13%) 11 (30%) ns
postoperative sustained symptoms/complications

Partial therapeutic success 23 (60%) 8 (20%) 0.001

No therapeutic success at all 11 (28%) 3 (8%) 0.036

Therapeutic success = improvement of symptoms/diseases that were the reason to perform a fundoplication.
Xz test for trend: EA patients have significantly different treatment outcomes compared with controls, P= <0.001. *Post hoc testing with

%2 test.

preoperative dysphagia and three of them also had
EoE. EA patients who underwent a complete fundo-
plication suffered significantly more often from regur-
gitation preoperatively (P =0.03).

Post-fundoplication complications

In one EA patient who underwent an open partial
fundoplication, a gastric perforation and pleural effu-
sion were detected 3 days post-fundoplication on CT
scan. Patient underwent a relaparotomy for closure
of the perforation and insertion of a chest drain.
Postoperatively, he received intravenous antibiotics.

Post-fundoplication outcomes

EA patients had significantly worse fundoplication
outcomes (Table 3). None of them achieved complete
therapeutic success without development of symp-
toms/complications versus 17 (44%) non-EA patients
(P <0.001). In addition, 28% of EA patients had no
therapeutic success at all versus 8% in patients without
EA (P=0.036).

Regurgitation, respiratory symptoms and stric-
tures reduced postoperatively in a significant number
of EA patients (P <0.001, P=0.002 and P=0.022
respectively, Table 4). In non-EA patients, typical
GERD symptoms/complications and respiratory
symptoms also significantly decreased (P < 0.001,
Table 4).

Symptom recurrence occurred in significantly
more EA patients (36/39 [92%]) compared with non-
EA patients (11/39 [28%], P <0.001; Table 2) after a
median time of 60 (1-360) days (=2 missing data
regarding time of symptom recurrence).

Significantly more EA patients suffered from
newly developed sustained dysphagia (41% vs. 13%;
P=0.039) and bloating (40% vs. 18%; P=0.022)
compared with patients without EA (Table 2). No
differences in post-fundoplication outcomes were
found between EA patients who underwent a partial
versus a complete fundoplication (see Supplementary
File 1).

Thirty-four (87%) EA patients were back on acid
suppressive therapy after a median of 60 (12-360)

days versus 11 (28%) patients without EA (P =0.05,
Table 2). Of the EA patients, 4/39 (10%) underwent
a redo-fundoplication within the first 3 months post-
fundoplication versus 3/40 (8%) patients without EA.
Esophageal replacement surgery was performed in
4/39 (10%) EA patients who suffered from recalcitrant
strictures despite fundoplication (Table 2).

DISCUSSION

In this multicenter retrospective study, we show that
fundoplication outcomes in EA patients were poor,
with only 13% of EA patients achieving complete
therapeutic success (vs. 73% of non-EA patients).
Despite this, post-fundoplication sustained symptom-
s/complications were present in all EA patients (vs.
41% of non-EA patients) with therapeutic success. In
addition, partial- or complete symptom recurrence,
and new-onset symptoms post-fundoplication were
significantly more frequent in the EA cohort com-
pared with patients without EA.

In our study, preoperative workup was often
incomplete and atypical clinical presentations were
considered an indication for fundoplication, despite
the lack of evidence for a causal relation between
GERD and symptoms. This suggests that patient
selection may be an important contributing factor
for these poor outcomes.

In line with our results, others have shown that
a significant proportion of EA patients experience
symptom recurrence post-fundoplication.!®-17:21-22 A
retrospective study showed similar redo-rates to our
study, in patients with and without EA (13% vs. 8%).>
In that study, however, recurrent symptoms or compli-
cations post-surgery were not compared and assessed
in both groups, and controls were not age-matched.”

Another pediatric study which retrospectively com-
pared 86 EA patients with and without fundoplica-
tion, also showed poor outcome post-fundoplication
in the EA cohort.® In the same study, the vast majority
remained symptomatic post-fundoplication and 13%
(vs. 10% in our cohort) needed redo-fundoplication.?
Similar to our findings, patients with preoperative
regurgitation or respiratory symptoms achieved


https://academic.oup.com/dote/article-lookup/doi/10.1093/dote/doac006#supplementary-data

6 Disease of the Esophagus

i
I The ! LS f
|SDE (‘(,_ e International Society for

Diseases of the Esophagus

Table 4 Pre versus postoperative symptoms in EA patients and controls

EA patients Preoperative Postoperative P value
Dysphagia 18 (46) 32(82) <0.001
Gagging 5(13) 18 (46) <0.001
Dumping 0(0) 3(8) ns
Regurgitation 25 (65) 4 (10) <0.001
Feeding difficulties 11(28) 15(38) ns
Bloating 0(0) 16 (40) <0.001
GERD 31 (80) 26 (65) ns
Strictures 30 (78) 13 (33) 0.008
Respiratory symptoms 22 (56) 10 (25) 0.002
Non-EA patients Preoperative Postoperative P value
Dysphagia 0(0) 4 (10) 0.044
Gagging 1(3) 9(23) 0.010
Dumping 0(0) 1(3) ns
Feeding difficulties 0(0) 1(3) ns
Bloating 0(0) 6(15) 0.012
GERD 39 (100) 10 (26) <0.001
Respiratory symptoms 23 (59) 0(0) <0.001

EA, esophageal atresia; GERD, gastroesophageal reflux disease; PPI, proton pump inhibitor.

only partial symptom relief post-fundoplication.®
Postoperative endoscopic results showed similar rates
of reflux esophagitis and intestinal metaplasia to our
study.® Another retrospective pediatric study reported
that a history of fundoplication had no effect on the
likelihood of having subsequent abnormal pH-MII
results or microscopic esophagitis.”*

In our cohort, regurgitation and respiratory symp-
toms decreased significantly in the EA cohort, as
well as the number of strictures post-fundoplication.
A recently published study evaluating outcomes of
pH-MII and EGD performed in EA patients aged
1 year showed a significant higher likelihood of having
abnormal pH-MII results in patients with a history
of recurrent strictures implying that GERD plays a
role in stricture development.’* However, pharma-
cological anti-reflux therapy does not prevent the
recurrence of esophageal strictures.”> >’ and it was
therefore hypothesized that GERD is not the sole
cause of strictures.

Interestingly, in our cohort, a large proportion of
patients did not have a complete multidisciplinary
preoperative workup. It might well be, that some
of our EA patients who had symptoms suggestive
of GERD, were in fact symptomatic secondary
to esophageal dysmotility, direct aspiration due
to laryngeal cleft, recurrent fistula, EoE, tracheo-
malacia and/or feeding difficulties secondary to
oral aversion. This stresses the need to perform a
thorough preoperative multidisciplinary evaluation
as per ESPGHAN/NASPGHAN guidelines in all EA
patients in whom fundoplication is being considered.’
This will help optimize patient selection and prevent
patients without GERD from an unnecessary proce-
dure with poor symptom relief and possibly new onset
symptoms and/or complications. A prospective study
in a cohort of EA patients that have been carefully

selected for fundoplication according to the guideline
recommendations, will be a first step to assess the true
efficacy of fundoplication in EA patients with GERD
refractory to medical anti reflux therapy.

In addition, ongoing research may provide better
tools for a preoperative workup. In children with-
out EA, small studies have shown that combined
impedance-manometry testing with pressure flow
analysis may be useful to predict outcome including
dysphagia risk post-surgery.”®-?° Trials incorporating
such preoperative tools are clearly needed to better
select those EA patients that will most benefit
from fundoplication along with reduced risk of
complications post-surgery.

A limitation of our study is its retrospective design,
which may have led to underreporting of pre and
postoperative symptoms and missing data regarding
preoperative investigations.

Our study has several strengths too. This is the
first study that examined preoperative diagnostic
workup, pre- and post-fundoplication symptoms
and post-fundoplication outcomes in pediatric EA
patients and compared these outcomes with matched
patients without EA. By collecting data from three
international EA centers, we managed to build a
large cohort of patients and overcome institutional
selection bias.

CONCLUSION

Fundoplication outcomes in EA patients are poor.
Symptom recurrence and new-onset symptoms post-
fundoplication occurred significantly more often in
EA patients compared with patients without EA.
We showed that patient selection may be a factor
contributing to these poor outcomes. Preoperative
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workup was often incomplete and fundoplications
were performed despite the lack of evidence for a
causal relation between GER and symptoms.

Fundoplications should only be considered in

EA patients with proven GERD where no other
options are available after thorough multidisciplinary
evaluation.
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