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Original Article
Fundoplication in Pediatric Achalasia Patients

Undergoing Heller’s Myotomy: A Systematic Review

Sarah Susanto!?, Brendan O’Connor?, Warwick J. Teague®

'"Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia

*University of Melbourne, Melbourne, Australia

’Department of Paediatric Surgery, The Royal Children’s Hospital Melbourne, Melbourne, Australia

Abstract:

This work is licensed Background: Achalasia is a rare motility disorder, with the incidence being the lowest

under Creative among children. The disease is caused by the inability of the LOS to relax and the
Commons Attribution -

Non  Commercial 4.0 absence of normal peristalsis of esophagus. Heller’s myotomy has been known to be

International License. the gold standard management of achalasia, however, reports on postoperative GERD

were established in the past. To control the reflux symptoms, fundoplication has been
Corresponding author: used as an addition to Heller’s myotomy. Unfortunately, there has been an
Sarah Susanto, M.D. inconclusive finding from available studies regarding the need for performing
sarah.susantol19@gmail.com fundoplication. Hence, we aim to determine whether or not the addition of

fundoplication to Heller myotomy in achalasia children resulted in better
Published:

postoperative outcomes and fewer complications of GERD.
31st May 2023

Methods: A literature search was carried out in four databases: Medline, EMBASE,
Pubmed, and Cochrane Library. The search was limited to publications from 2006 to
DOI: 2019, English studies, and achalasia patients age 0-18 years old that underwent Heller’s
https://doi.org/10.58427 /apg ~ myotomy. The exclusion of studies from the primary screening according to title and
hn.2.2.2023.1-17 abstracts and secondary screening on the full text were done according to a priori

protocol. Duplicate studies were also eliminated by using reference management

software and manually.

Results: A total of 446 studies were retrieved from the search. Preliminary screening
Citation: based on the eligibility criteria resulted in 21 articles to be included in this review. A
Susanto S, O'Connor B, Teague total of 410 patients were included in this study, in which 80 underwent HM alone
WJ. Fundoplication in Pediatric  and 330 experienced fundoplication as an adjunct to HM (HMF). There was a higher
f{‘jﬁzl;:m Patli\i‘:)stoti?ilerg()i‘f proportion of asymptomatic patients in the HM group (56.3%) compared to HMF
Systematic Revi}ew. Ai['/j Pediatr  (48.870). Both groups had a similar rate of complications (HMF 12.1%, HM 10.0%).
Gastr Hepatol Nutr. 2023;2(2):1-  However, in terms of postoperative GERD, slightly better results were seen among
17. HMF patients (9.7%) than HM (15%).
Conclusion: Fundoplication did not result in better resolution of symptoms, as seen
from its percentage of asymptomatic patients. Improvements in postoperative GERD
were seen in HMF patients, however, it was deemed as insignificant. The findings

suggest that there was a limited benefit in using fundoplication.
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Introduction

Achalasia is a rare motility disorder of the esophagus, with a reported incidence of
0.11 for every 100000 children.' Achalasia is the rarest among children younger than
5 years old. This is supported by the fact that for every 100,000 children younger than
the age of 16, on average 0.11 to 0.18 develop achalasia every year.>” In fact, only 5%
of patients with achalasia report developing symptoms before they reach the age of
15." Patients with achalasia experience difficulty in swallowing, as there is partial or
total inability of the lower esophageal sphincter (LOS) muscle to relax, as well as the
absence of normally coordinated esophageal peristalsis.* This condition hinders the
normal downward movement of the food bolus from the esophagus to the stomach,
leading to various symptoms such as dysphagia, heartburn, chest pain, regurgitation,
and weight loss. As a result, the long-term impact of achalasia includes significant
impairment in the quality of life of those affected. A possible etiological explanation
for achalasia is that there is a degeneration of the myenteric plexus and vagal nerve
fibers of the LOS, which might occur due to autoimmunity or viral infection.
However, despite this proposed mechanism, the etiology remains unclear.’

While it is known that Heller's myotomy (HM) has been the gold standard for decades
in treating achalasia, there are cases in the past that have proceeded to complications.”
The adverse effects include esophageal perforations and gastroesophageal reflux, with
the latter being the most common out of the two. This is due to the widening of the
esophageal passageway from the HM, which allows fluid or solids to go downwards
and hence upwards as well. Handling the reflux is necessary as it can lead to erosive
esophagitis, Barret’s esophagus, and even adenocarcinoma of the esophagus.” In order
to tackle this problem, concurrent anti-reflux procedures have been considered along
with HM, and the method of choice is fundoplication in most cases.

Unfortunately, it is still debatable whether or not HM in conjunction with
fundoplication should always be done, considering that there are pharmacological
anti-reflux treatments that could be given to the patients. There is a possibility that
fundoplication exacerbates the obstruction, due to it being done too tightly. In this
case, post-operative dysphagia could occur.® Despite the probability of it causing
adverse effects, the use of fundoplication has been known to provide the best long-
term reduction of GERD.’

The need to perform fundoplication in order to control GERD on pediatric achalasia
patients who received HM is still inconclusive. Enough evidence on the efficacy and
safety of fundoplication should be gathered to support its use, and to reduce doubts
regarding its benefit. Therefore, this study aims to review whether the addition of
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fundoplication in Heller’s myotomy patients leads to better improvement in
swallowing without the post-operative complications of GERD.

Methods

The systematic review was performed under the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Search Strategy and Study Selection

Four electronic databases have been used for this systematic review as a source of
information, which includes Medline (Ovid), EMBASE (Ovid), Pubmed, and
Cochrane Library. The keywords used to do the search were achalasia, Heller’s
myotomy, and children (based on PICO keywords presented in Table 1). The search
strategy was created by the author and assessed by a librarian who is an expert in the
field of literature searching. The most recent search was done on 7 November 2019,
and results of each databases were attached in Appendix 2. Limits were applied to the
searches in EMBASE only, so that only published articles as well and articles in press
that were included to the search results.

Studies from the electronic database searching were exported into MEDLINE format,
which resulted in the complete references within an excel sheet. The first screening of
the studies was done based on the title and abstracts, according to the PICO
components (Table 1). The full-text articles were obtained for studies with no abstract
in the excel sheet. Another screening was then done through assessing the full-text
articles using the inclusion and exclusion criteria as the filter (Table 2).

Table 1. PICO keywords

Patients/Population: Pediatric  achalasia patients receiving Heller’s
myotomy

Intervention/Exposure: ~ Fundoplication

Comparator: Without fundoplication

Outcome(s): Reversal of achalasia symptoms (able to swallow)

without the postoperative complications of GERD

Table 2. Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Pediatric achalasia patients 18 years old Patients older than 18 years old who did
or younger who received Heller’s not have achalasia or not treated with
myotomy Heller’s myotomy
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Papers with either Heller’s myotomy Patients solely treated with other
with  fundoplication — or  Heller’s surgical interventions for achalasia
myotomy without fundoplication.

Papers with both Heller’s myotomy with ~ Studies without information on the
fundoplication and Heller’s myotomy symptoms before and after the surgery
without fundoplication.

Resolution of achalasia symptoms (able Non-English studies

to swallow) without the postoperative

complications of GERD

English studies Studies published before 2006
Studies published from 2006-2019 Animal/ non-human studies
Human studies Systematic review and meta-analysis
Cohort or cross-sectional studies Duplicate publications

Data Extraction

Studies from the four databases that have been screened and fulfil the eligibility criteria
were exported to its RIS format and then be imported to EndNote X9. which is a
reference management software. Duplicate studies will be eliminated both manually
and using the “Find Duplicates” option in the software. After all of the duplicate
studies has been eliminated, the articles were independently extracted by the reviewers

to obtain certain data. The extraction was done through using Microsoft Excel version
16.31.

Risk of Bias and Quality Assessments

The assessments of the risk of bias and the quality of each paper were done by utilizing
the Risk of Bias in Non-randomized Studies- of Interventions (ROBINS-I) tool. The
first stage of ROBINS-I is the protocol stage, which contains the PICO component
of this systematic review. The next stage focused more on each study being assessed,
and it requires the reviewer to analyze the design and PICO of the study. The
measurement of study bias was classified as before, at the time, and after the
intervention. Responses to each component were either “Yes”, “Probably Yes”,
“No”, “Probably No”, and “No Information”.

Results

The search results from Medline (Ovid), EMBASE (Ovid), Pubmed, and Cochrane
resulted in a total of 446 studies. The studies were then screened based on their title
and abstract, which then proceeded to full-text screening. The final number of studies
that are eligible to be included in the qualitative synthesis is 21. The reasons for

APGHN | www.apghn.com Vol 2 | May 2023 | Page 4



APGHN

Archives of Pediatric Gastroenterology, Hepatology, and Nutrition

exclusion were provided in detail in the Figure 1 below and is mainly due to the
participants of the studies being older than 18 years old (n= 154).

£\
Records identified n= 446
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'Jg Embase n =21
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!‘g Cochrane n= 34
=
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2l . Non-English article (n=3)
. Non-pediatric (n=95)
. Outcome of interest is absent (n=2)
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Figure 1. PRISMA flowchart

The study characteristics of all the studies that were included in the analysis were
displayed in Table 3. The 21 papers consisted of 4 cohort studies (3 retrospective, 1
prospective), 6 cross-sectional studies, and 11 case series. The year of publication
ranged from 2007 to 2019, and the span of the study period is from 1990 until 2017.
A total of 410 patients were recruited, in which 80 patients underwent HM alone, and
330 underwent HM along with fundoplication. The participants of the included
literatures consisted of 260 males and 210 females. However, the data of 60 patients
contains those that did not take HM at all, as the studies have failed to mention the
gender of secondary HM participants. Furthermore, the gender data also includes

APGHN | www.apghn.com
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those that were excluded in the study. An average of patients age was not able to be

calculated since a subset of the studies provided only the age of diagnosis and not at

surgery.

Risk of Bias
The risk of bias assessment using the ROBINS-I tool concluded that the 21 articles
had ecither a low or a moderate risk of bias for all domains. Therefore, an overall

judgement of moderate risk was given to every included study, based on the criteria
stated in the ROBINS-I guideline.

Primary Outcomes

Among patients of the HMF group, there were 12 (3.6%) relapse cases, and partial
improvements of the preoperative achalasia symptoms were seen in 35 (10.6%)
patients. Treatment success were denoted in 161(48.8%) patients, where their
symptoms completely resolved. In addition, a total of 40 (12.1%) HMF patients began
to gain weight. However, postoperative symptoms existed in 41 (12.4%) patients with
dysphagia, 32 (9.7%) patients with GERD, and 6 (1.8%) children with vomiting.

Among patients in HM group, 45 (56.3%) of them showed absence of symptoms and
partial improvements were seen in 3 (3.8%) patients. Unfortunately, recurrent
symptoms occurred in 3 (3.8%) patients, dysphagia still remained in 20 (25.0%)
patients, and 12 (15%) patients reported GERD symptoms. Furthermore, 17 (21.3%)
patients reported higher body weight compared to before the treatment.

(Table 4)
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Table 3. Study characteristics of included studies

Author Study design Study period No. of Intervention Age Gender

patients HM HMF
Yu et al. (2019)"°  Cross-sectional 2010 - 2017 30 0 30 13.6+3* 18 males, 12 females
Vandewalle ez al.  Case series January 2007-December 26 0 26 14.4 (11.6- 16 males, 10 females
(2018)" 2016 15.5)*
Vaos et al Retrospective January 1991-December 15 15 0 9.5 (6.0-13.0) > 5 males, 11 females ©
(2008)" cohort 2005
Garzi et al. Prospective January  1997-October 12 0 12 11 (3.5-16.0)* 7 males, 5 females
(2007)" cohort 2005
Saliakellis e al. Cross-sectional — January 1995-December 40 2 38 10 (3.2-17.4) >4 21 males, 27 females ¢
(2017)" 2012
Altokhais ¢ al. Cross-sectional  January 2004-November 6 0 6 7 (2.0-12.0) * 2 males, 4 females
(2016)" 2015
Erginel e al Case series 1991-2013 20 0 20 3.34 (0.58- 13 males, 9 females
(2016)" 17.0)~¢
Zagory et al. Case series September 2004-August 19 1 18 11.6 (0-17) >4 14 males, 9 females
(2016)"7 2014
Smits e al Cross-sectional  January 1990 — December 41 15 26 119 (9.3 — 52 males, 35 females ¢
(2015)"* 2013 13.8)*
Caldaro e al. Retrospective February 2009- 9 0 9 10.7 (2-16) * 6 males, 3 females
(2015)" cohort December 2013
Pachl et a4l Retrospective May 1999- May 2013 28 18 10 13 (3.2-17.4)* 13 males, 15 females
(2014 cohort
Esposito et al. Case series June 2000 — June 2012 31 0 31 8.4 (5-149)" 18 males, 13 females
(2013)*
Tannuri e al. Cross-sectional — 2000-2009 15 0 15 12.0 (9.0-17.0) * 7 males, 8 females
(2010)*
Jung et al Case series 1990-2007 17 0 17 7(0.3-17)*" 12 males, 10 females °
(2010)”

APGHN | www.apghn.com
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Corda e# al Case series January 1998- June 2008 20 20 0 12 (5-15)* 13 males, 7 females
(2010)*

Pastor ez al Cross-sectional  July 1981- June 2007 20 2 18 12.4 + 4.8 ¢ 5 males, 5 females ©
(2009)>

Askegard- Case series 1999-2005 26 1 25 15 (4-18)* 15 males, 11 females
Giesmann et al.

(2009)*

Zhang et al. Case series May 1993- October 2005 9 6 3 10.3 (3.0-14.4) > 6 males, 7 females ©
(2009)*

Grabowski ez al.  Case series 1997-2014 11 0 11 13 (6-17) * 7 males, 4 females
(2016)*

Ashraf e¢ al.  Case series January 2002- December 10 0 10 8 (infants), 6 males, 4 females
(2014)” 2007 2 (4-year-old) f

Adikibi ez al Case series 2000-2007 5 0 5 12.1 (9.3-14.9) 4 males, 1 female
(2009)*

HM: Heller’s myotomy alone; HMF: Heller’s myotomy with fundoplication

NR: Not reported

*., Age at surgery

>, Age at diagnosis

¢, Data includes excluded patients

4., Data of all patients of the study, which also includes those who received initial treatments besides Heller myotomy and fundoplication.
¢, Data of patients undergoing Heller’s myotomy as initial intervention only

., Age only reported in terms of infants and 4 years old children

APGHN | www.apghn.com Vol 2 | May 2023 | Page 8
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Table 4. Postoperative outcomes of included studies with HM only or HMF patients only

Achalasia symptoms Gained
Author(s) Relapse Impr(‘)vement Asymptomatic Dysphagia GERD Vomiting weight
Dysphagia GERD
Yu et al. HMF NR NR 19 10P NR 5 NR
Vandewalle ef 4. HMF NR 16 13 NR 10P 7 NR NR
Garzi et al. HMF NR N/A 12 NR NR NR 12
Saliakellis e al. HMF NR NR 15 NR 11 NR NR
Altokhais ez al. HMF NR 1 5 NR NR NR NR
Erginel et al. HMF NR N/A 20 NR NR NR NR
Zagoty et al. HMF NR NR 14 5 NR NR NR
Caldaro ¢# al. HMF NR NR NR 2 1 NR NR
Esposito ez al. HMF NR NR 30 5 NR NR NR
Tannuti ez al. HMF NR NR NR 2 - NR NR
Jung et al. HMF NR 4 10 NR NR NR NR
Pastor ez al. HMF NR NR 6P 3P NR 1P NR
Askegard-Giesmann ez a/. HMF 7 NR NR NR 1 NR NR
Grabowski et al. HMF 4 NR 6 4 - NR 11
Ashraf et al. HMF NR N/A 10 NR - NR 10
Adikibi ez 4. HMF NR 1 4 NR NR NR NR
Vaos ¢t al. HM NR NR 10 1P 13° NR NR NR
Corda et al. HM NR NR 15 5 - NR NR
. HM 3 NR NR NR 5 NR NR

Smits ez al.

HMF 1 NR NR NR 9 NR NR
Pachl ¢t HM NR NR 17 NR 1 NR 17

HMF NR NR 7 NR 3 NR 7
Zhang ¢t al. HM NR 3 3 1 2 NR NR

HMF NR NR 3 - - NR NR

HM: Heller’s myotomy only; HMF: Heller’s myotomy along with fundoplication

APGHN | www.apghn.com
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N/A: Not applicable; NR: Not reported; -: No patients in the category
GERD: Gastroesophageal reflux disease

P., Persistent dysphagia; °., Occasional dysphagia

*., Data of patients undergoing Heller’s myotomy as initial intervention only
*., Data of patients undergoing Heller’s myotomy as their last treatment
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Secondary Outcomes

Overall, no deaths were seen among the subjects. The length of hospitalization of
HMF patients (4.63 (2.38-14.13) days) is longer compared to those of HM patients
(3.5 (2.0-5.0) days). A total of 120 (36.4%) out of 330 patients were able to be followed
up to a range mean of 0.25 to 4.42 years postoperatively. In Table 5 it can be seen
that complications within HMF patients were intraoperative mucosal perforation (n=
18 (5.5%)), postoperative gastric perforation (n= 1 (0.3%)), persistence of painful
symptoms (n= 3 (0.9%)), dumping syndrome (n= 3 (0.9%)), and inhalation
pneumopathy (n= 1 (0.3%)). Other adverse effects include gas bloat syndrome (n= 1
(0.3%)), aspiration during induction of anesthesia (n= 1 (0.3%)), pneumonia (n= 2
(0.6%)), and retrosternal pain (n= 2 (0.6%)). Not only that, in eight cases (2.4%) the
Nissen fundoplication was overly tight.

There were a smaller number of complications among HM patients, namely four
(5.0%) patients with perforation of the esophageal mucosa during the surgery, one
(1.3%) patient who developed esophagitis, and one (1.3%) with pneumonia. Infection
also occurred in two (2.5%) patients, one of them was located in the chest and the
other one was a local infection of the wound. The average follow-up period was similar
to that of HMF patients, which was 0.83 to 5 years. The data of Vaos et al. were
excluded from the calculation of the follow-up duration as he provided only the range
of years elapsed after the surgery without the average. The included studies managed
to follow 32 HM patients.

Table 5. Characteristics of the included studies in regard to follow-up and

complications
Complication Follow-up Length of
No. of .
Author . . hospital  stay
IMP Others Duration patients (days)
followed Y
Yu et al. HMF NR NR 3.6x2.1 12 NR
11 .81 .29-
Vandewalle HMF 1 1a 0.81  (0.29 NR NR
et dl. 1.75)
Garzi et al. HMF 1 3b NR 12 NR
Saliakellis ez
/ HMF NR NR NR NR NR
1773
Altokhais e#
/to SRS &1 Vi R - 2(0511)  NR 3.5 (2-7)
1773
Zagory etal.  HMF 1 NR NR NR 6.5 (1-40)
2.58 1.08-
Caldaro ez al. HMF 1 NR 5.25) ( NR 6 (3-18)
E i 7
/SPOSHO “ HMF 3 NR 0.75-13 31 4 (3-8)
1773
Tannuri ¢/, HMF ~ NR NR 2.69 (0.17-8) NR 2.5 (1-4)
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Jung ¢ al. HMF  NR 8 0.5 17 NR
Pastor efal HME 3 14 NR 20 NR
Askegard-
Giesmann & HMF 2 1e 1.7 (0-621)  NR 3.5 (1-17)
al.
C;rabowskl ¢ e o R 25010 8 (5-13)
at.
Ashraf 2l HMF ~ NR NR 0.25 10 NR
Adikibi e al 442 (0.13- ;
dikibi eral ) 013 3 (3-6)
7.58)
Vaoseral ~ HM  NR 36 5-15 7 4 (3-6)
500  (0.67-
Cotdaetal HM 3 NR ( 20 3 (1-5)
9.50)
oo, HM - 1g, 1b NR NR NR
M yME 4 26,2 1h  NR NR NR
HM 1 NR
Bl & ol 83 (0- 2 1-
Pachleral R 0.83 (0-5) 5 3 (1-8)
HM  NR NR 5 NR
Zhang et al. 1.27 (0.17- 4)
HME  NR NR NR

NR: Not reported; -: No patients in the category

2, Postoperative gastric perforation

b., Patients reported petsistence of painful symptoms

¢, Other complications consists of 3 Dumping syndrome patients, 1 patient with inhalation
pneumopathy, and 4 patients that had their Nissen fundoplication too tight

d., Gas bloat syndrome

¢., Aspiration during induction of anaesthesia

£, Three patients consisting of 1 patient with chest infection, 1 with wound infection, and one
with oesophagitis.

¢., Pneumonia

h., Oesophagectomy

L, Retrosternal pain

Discussion

Achalasia is a rare motility disorder, especially among children. In managing achalasia,

surgical intervention was said to offer a more long-lasting improvements of the
symptoms compared to pharmacological treatments. One mode of surgery is HM,

which although known as the gold-standard it also has a risk of triggering GERD. To

solve the reflux symptoms, a technique of wrapping the fundus of the stomach around
the esophagus called fundoplication might be used. However, until now it is still

unclear whether the benefits of using fundoplication outweigh its risks. Thus, we aim

to review whether fundoplication leads to better improvement in achalasia symptoms
along with less postoperative GERD compared to HM alone.

From Table 4 it can be seen that there were less asymptomatic patients in the HM
group (n= 45) compared to HMF (n= 161). However, the number of cases was not

APGHN | www.apghn.com
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representative of the actual proportion of asymptomatic patients, as the number of
patients within each group were different. Therefore, calculations of the percentage
were deemed to be more appropriate. After dividing the number of asymptomatic
patients reported per children in each group, there was a higher percentage of
asymptomatic HM patients (56.3%), compared to HMF (48.8%).

The difference in the number of patients with no persisting symptoms after the
operation in both groups can be explained by a possible technical error of the
fundoplication, in which it was done too tightly, hence created obstructing symptoms
of the esophagus and hinder the recovery.

The difference in the number of asymptomatic patients can also be explained by a
higher proportion of patients in the HMF group (33.3%) that underwent preoperative
treatments compared to HM (8.8%). A study done by Portale et al. mentioned that
patients who had prior treatments with BT injection were less likely to be
asymptomatic than those who had not.” From all of those studies, 11 HMF patients
had previous BT injection while there were no HM patients who underwent treatment
with BT.

There was also a difference in the length of follow-up, where the mean was longer in
HM patients (0.83-5 years) than HMF (0.25-4.42 years), allowing more asymptomatic
HM patients to be noted by the research. Furthermore, only 120 (36%) HMF patients
were able to be followed-up as compared to 32 (40%) in HM patients. This finding
made it unclear whether the patients that were lost to follow up had an improved
condition of not.

Both groups had a similar rate of achalasia symptoms relapse, with 3.8% of patients
in the HM group and 3.6% in the HMF group. According to Askegard-Giesmann et
al. and Weche et al., the presence of relapse cases among the patients was caused by
incomplete myotomy in most cases.”® As stated above, an ovetly constricting
fundoplication might also contribute to the symptoms relapse in HMF patients, as it
adds to the obstruction of the LLOS. This can be seen in Table 5, where indeed, there
were four cases among HMF children where the fundoplication was done with
excessive tightness. Reflux symptoms can be triggered in children with no
fundoplication but had an adequate myotomy, which can potentially induce stricture
due to peptic stricture of the LOS.”

On the other hand, partial improvements were seen in more HMF patients (10.6%0)
as compared to HM (3.8%). This is consistent with the findings of Li et al., although
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it was said that the improvement of symptoms post-fundoplication was more specific
to reflux-related symptoms such as heartburn and regurgitation.”

The rate of persistent or occasional dysphagia was reported approximately twice as
much in 20 HM patients (25%) as in 41 HMF patients (12.4%). In order to manage
the persistent symptom of dysphagia, esophagectomy might be considered. However,
there were a probability of esophageal resection to cause anastomotic leak, as shown

in a study by Devaney et al.”

Therefore, it was suggested by Fernandez-Ananin et al.
that esophagectomy should be performed only when the more conservative treatment
has failed.” In the case of fundoplication types, Frazzoni et al. suggested the use of

partial fundoplication instead of total in order to prevent postoperative dysphagia.’

GERD occurred in 12 HM patients (15%) and 32 HMF patients (9.7%). The higher
percentage of GERD among patients with no fundoplication was as expected, as the
aim of using fundoplication was to prevent reflux. In addition, Moore et al. had stated
that laparoscopic fundoplication is the gold standard in treating GERD.” However, as
there was only as much as 5.3% reduction in the incidence of GERD, it suggests that
the benefits of using fundoplication was limited.

Both groups in this study had cases of complications. Complications occurred in a
similar rate in HMF children (n= 40 (12.1%)) and among HM patients (n= 8 (10.0%)).
Madiwale et al. found out that fundoplication in children was associated with a higher
incidence of complications, which supported the slightly higher percentage of

* In addition, it was found that the most common

complications in HMF patients.
complication in both groups in our study were intraoperative mucosal perforation
(IMP) during myotomy. It is important to take into account that HMF children had
mote preoperative surgical and/or pharmacological interventions, which might have
impacted the condition of the patients and made them prone to developing

complications.

The limitation of this study is that there was a presence of numerous confounding
factors, such as duration of surgery, preoperative treatments, variable patient ages,
duration of follow-up. However, this happened due to the included papers being
cross-sectional, cohort studies, case control, and case seties. Another limitation is the
significant difference in the number of patients within both groups, which was
inevitable as the included papers were those that suit the eligibility criteria the most. A
larger sample size is needed to have a significant number of patients in the study;
however, it was unable to be done as most of the studies were single centered as well
as achalasia being a rare disease among children. Another limitation was the
incompleteness of several data from the papers, however, the most necessary data
which was the primary and secondary endpoints were able to be retrieved from all
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studies. A potential source of bias of this review was that the literature search was not
performed by looking at the references of articles on relevant topic, and grey
literatures. However, the search strategy was performed on four databases and
developed through the help of an expert librarian. Another potential bias was missing
information of the studies, which was stated in the table of results. We were unable to
retrieve the full text of 7 articles and exclusion of 4 non-English papers were

performed, which might add to potential bias of this paper.

Conclusion

Our results suggested that the HM group was superior to HMF in terms of the primary
outcome of symptom resolution, with only a slight improvement of GERD symptoms
in children who had fundoplication. Furthermore, patients with fundoplication in our
study had also shown more complications intra and postoperatively. Thus, it is
important for surgeons to carefully and precisely perform the fundoplication,
especially to prevent an excessively tight wrapping and perforation due to the injury
the oesophageal mucosa. Future research that uses prospective cohort studies should
be performed, as it is able to calculate incidence. RCTs could also be performed
through conducting an international multicenter study to gather sufficient number of
achalasia patients. Future studies should have only a minimal amount of surgeon who
perform the surgeries, in order to prevent the difference of the surgeon’s skills to be

the confounding factor.
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Abstract:

Background: Ulcerative colitis is a chronic idiopathic inflammatory bowel disease
(IBD) characterized by intestinal inflammation confined to the superficial mucosal
layer. Mesalazine, a 5-aminosalicylic acid (5-aminosalicylic, or 5-ASA) compound, is
most often used as first-line therapy for mild to moderate ulcerative colitis. The
Pediatric Ulcerative Colitis Activity Index (PUCAI) is a non-invasive multi-item
measure that has been shown to be valid, reliable, and responsive to short-term
changes in several clinical trials and cohort studies. Therefore, this study aims to
compare the PUCAI scores in children with ulcerative colitis who received mesalazine
therapy to those who did not.

Methods: We performed a retrospective database analysis of 12 patients, who were
diagnosed with ulcerative colitis at Dr. Kariadi General Hospital, Semarang, Indonesia
in a span of 1 year. We included all cases of pediatric patients with ulcerative colitis,
then we divided them into 2 groups, the group receiving mesalazine therapy and the
group who did not. We monitored the development of PUCAI scores before and after
treatment.

Results: The number of samples in this study was 12 samples. All sample data were
taken based on data from pediatric gastroenterohepatology patients diagnosed with
colitis ulcerative based on pathology anatomy results, who were treated in the pediatric
ward of RSUP Dr. Kariadi Semarang. From the result of the paired t-test, there was a
significant decrease in PUCAI score in patients who received Mesalazine, (p = 0.007),
while those who did not receive mesalazine, did not show any significant decrease in
PUCAI score.

Conclusion: Ulcerative colitis (UC) is a chronic relapsing inflammatory condition.
UC is often treated with mesalazine as the first-line treatment. The use of the PUCAI
score is an appropriate tool to determine the progression of this disease. Based on the
data obtained, the administration of mesalazine therapy in children with ulcerative
colitis can improve PUCAI scores compared to children who do not receive
mesalazine therapy.

Keywords: mesalazine, ulcerative colitis, PUCAI score
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Introduction

Ulcerative colitis is a chronic idiopathic inflammatory bowel disease (IBD)
characterized by intestinal inflammation confined to the superficial mucosal layer. It
may involve the rectum only, the distal colon, or the entire colon, usually contiguously.
The classic symptoms of ulcerative colitis include bloody diarthea, urgency, and
tenesmus. Mesalazine, a 5-aminosalicylic acid (5-aminosalicylic, or 5-ASA) compound,
is most often used as first-line therapy for mild to moderate ulcerative colitis.
However, the precise mechanism of action of mesalazine is still pootly elucidated. It
is believed to exert a negative effect on the cyclooxygenase and lipoxygenase pathways,
thereby reducing the formation of pro-inflammatory prostaglandins and leukotrienes.
Peroxisome proliferator-activated gamma-receptors are also involved in colonic
inflaimmation and have been identified as targets of 5-ASA action. Furthermore,
mesalazine may have antioxidant properties that reduce tissue injury and play a role in
the inhibition of T cell activation and proliferation.'”

Oral mesalazine compounds have been shown to be effective in inducing and
maintaining remission in patients with ulcerative colitis. Mesalazine exerts a
therapeutic effect through local topical activity on the inflamed mucosa. Oral
mesalazine in its unchanged form is almost completely absorbed by the small intestine,
with very little of the intact drug reaching the large intestine. Therefore, the main
objective of the various formulations currently available in the market is to optimize
drug delivery to the affected colon and minimize systemic absorption. This promotes
maximum therapeutic efficacy at the lowest possible dose, which in turn reduces side
effects.™

The Pediatric Ulcerative Colitis Activity Index (PUCAI) is a non-invasive multi-item
measure that has been shown to be valid, reliable, and responsive to short-term
changes in several clinical trials and cohort studies. The PUCAI has been proven to
have excellent correlation with the invasive Mayo score, physician global assessment,
and colonoscopy appearance.”® Therefore, this study aims to compare the PUCAI
scores in children with ulcerative colitis who received mesalazine therapy to those who
did not.

Methods

We performed a retrospective database analysis of 12 patients, who were diagnosed
with ulcerative colitis at Dr. Kariadi General Hospital, Semarang, Indonesia in a span
of 1 year. This study was conducted in accordance with the Declaration of Helsinki
(as revised in 2013) and was approved by the Ethical Committee. We included all cases
of pediatric patients with ulcerative colitis, then we divided them into 2 groups, the
group receiving mesalazine therapy and the group who did not. We monitored the
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development of PUCAI scores before and after treatment. Statistical data was
collected and analyzed using IBM SPSS Statistics for Windows, Version 25.0 IBM
Co.). Shapiro-Wilk analysis was used to determine the normality of the data and

continued with a paired t-test to compare PUCAI scores before and after therapy. The
data is significant if p < 0.05.

Results

The number of samples in this study was 12 samples. All sample data were taken based
on data from pediatric gastroenterohepatology patients diagnosed with colitis
ulcerative based on pathology anatomy results, who were treated in the pediatric ward
of RSUP Dr. Kariadi Semarang. Characteristics of the data are in the table below
(Table 1).

Table 1. Baseline characteristics of children with ulcerative colitis

Characteristics Frequency
Gender, n (%)
Boys 7 (41.7)
Gitls 5 (58.3)
Age (years)” 7.243.9
Pre-treatment PUCAI score” 40.84+18.5
Post-treatment PUCAI score” 5.049.2
Length of treatment (days) * 180.0+33.8
Mesalazine therapy, n (%)
Yes 9 (75)
No 3(25)
"Data presented in MeantStandard Deviation. PUCAI: Pediatric Ulcerative
Colitis Activity Index.

Based on the baseline characteristics data, our patients were predominantly boys
(41.7%), with mean age of 7.243.9 years. The mean pre- and post- treatment PUCAI
score were 40.8+18.5 and 5.0£9.2. Nine patients (75%) received mesalazine therapy

while the other 3 patients did not. The mean duration of treatment was 180.0+33.8
days.

Shapiro-Wilk analysis was not significant (p>0.05) for pre-and post-treatment PUCAI
score in both groups, indicating a normal distribution of those data. We then
continued with paired-t test to evaluate the changes of PUCAI score pre-and post-
treatment in both mesalazine and non-mesalazine group. (Table 2)
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Table 2. Data normality test

Treatment )

Pre Mesalazine 0.85
Non- mesalazine 1.000

Post Mesalazine 0.97

Non- mesalazine 1.000

From the result of the paired t-test, there was a significant decrease in PUCAI score
in patients who received Mesalazine, (p = 0.007), while those who did not receive
mesalazine, did not show any significant decrease in PUCAI score.(Table 3)

Table 3. Comparison of PUCAI score between mesalazine and non-mesalazine

Variables PUCAI score p-value
Pre- treatment Post- treatment

Mesalazine 35 (10-75) 0 0.007*

Non- Mesalazine | 38 (20-65) 26 (10-25) 0.213

Discussion

Ulcerative colitis (UC) is a disease with a less heterogeneous phenotype than Crohn’s
disease (CD) but it still poses many unique challenges. The incidence of pediatric-
onset UC, which constitutes roughly 15% to 20% of all UC, ranges from 1 to
4/100,000/year in most North American and European regions. It is extensive in 60%
to 80% of all cases and twice as often as in adults. Since disease extent has been
consistently associated with disease severity, it is not surprising that children with UC
more often require hospitalization for an acute severe exacerbation (25%-30% over
3—4 years) and more often to undergo colectomy for medically refractory disease (up
to 30%—40% in a 10-year follow-up), although lower colectomy rates have also been
reported.’

It is mandated that the rapidly emerging novel therapies for inflammatory bowel
diseases (IBDs) be evaluated in the clinical trial setting. Robust outcome measures are
of utmost importance in determining the outcome of these trials. No single clinical or
biochemical parameter consistently reflects activity of intestinal inflammation and,
thus, multi-attribute measures of disease activity have been developed. Although other
Crohn's disease (CD) activity indices have been used, the Crohn's Disease Activity
Index (CDALI) is generally accepted as the standard clinical outcome measure in adult
CD trials. Meanwhile, The Pediatric Crohn's Disease Activity Index (PCDAI) has
become the most accepted disease activity measurement in childhood CD. ’

In 2007, a Pediatric Ulcerative Colitis Activity Index (the PUCALI) was developed and
validated using prospectively enrolled cohorts of children with UC. The PUCALI score
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which lacks of invasive parameters, is suitable for longitudinal use in clinical trials and

for determining the timely introduction of second-line therapy in severe acute UC.

The feasibility of using PUCAI in an outpatient clinical practice setting is also
excellent. Over 96% of visits contained all six required components to calculate a
PUCAL The test-retest reliability of the PUCAI was also quite good. This study
extends the foundational work completed by Turner, et al by including large sample
size and diversity of practice sites (approximately 2000 patients from 35 centers). The
PUCAI differentiated very well among the four PGA-based disease severity
categories, with a fairly distinct separation between disease categories. The PUCAI
change scores also differentiated well among different categories (no change, small,
moderate, large) of change in PGA. A small change in PUCAI (indicated with a 10-
point change) gave a sensitivity and specificity of approximately 80%.

5-ASA acts topically on the colonic mucosa but is rapidly absorbed if ingested. As
such. this drug is usually bound to an inactive carrier in order to prevent early
absorption and metabolism within the small bowel. The covalent bond will be cleaved
by bacterial diazoreductases, releasing the active form into the colon. Sulfasalazine,
olsalazine and balsalazide are known to utilize this mechanism to ensure a more
precise drug delivery to the colon. Meanwhile, another formulation of ASA, a pH-
sensitive acrylic coated 5-ASA, works by delaying the release of its active compound
until luminal pH of 7 in the distal bowel. This allows a bolus of 5-ASA to be released
in the terminal ileum and proximal colon. Asacol and salofalk are known to employ
this method. Latest formulations, such as Apriso and Lialda, utilize both a pH-
sensitive acrylic layer to delay 5-ASA release and a coating of lipophilic and hydrophilic

excipients to extend release throughout the colon."

Four small pediatric clinical trials and a few retrospective studies confirmed that 5-
ASA is effective for inducing remission in mild to moderate UC in children, achieving
endoscopic remission in 27% after 12 weeks. There are no pediatric trials evaluating
combined oral and rectal 5-ASAs, nor the effectiveness of 5-ASA in maintaining
remission. The Cochrane meta-analysis showed a trend that suggest better benefit of
the newer 5-ASA preparations (in terms of both efficacy and minimizing adverse
effects) over sulfasalazine for inducing remission, but sulfasalazine was superior for
maintaining remission. In contrast, the recent meta-analysis showed no difference in
both inducing and maintaining remission. One pediatric double-blinded randomized
clinical trial (RCT) showed that olsalazine 30 mg/ kg/ day induced a clinical response
in 39% versus 79% with sulfasalazine 60 mg/ kg/ day after 3 months in 56 children
with mild to moderate UC. Results from another pediatric trial suggested equivalent
efficacy of mesalazine and sulfasalazine in maintaining remission in either UC or
Crohn’s colitis. A dedicated meta-analysis comparing the efficacy of sulfasalazine
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versus newer 5-ASA included 20 RCTs and showed no major differences of efficacy
and adverse events.’

In this study, it was shown that mesalazine therapy could significantly reduce PUCAI
scores in children with ulcerative colitis. Several studies have shown that administering
mesalazine to mild to moderate pediatric UC has low effectiveness. But the intention-
to-treat 35% remission rate at week 6 is consistent with published data from other
studies. Clinical remission in adults has been reported in only 28-46% of active
patients. Comparisons between adult and pediatric results, however, are not
straightforward. A PUCAI-defined remission is more difficult to achieve as compared
with a Mayo-defined remission, used in the aforementioned adult trials. A Mayo-
defined remission may still allow some blood in the stool. Pediatric data to benchmark
our results are scarce. A small trial with only 15 patients in the 5-ASA arm had a similar
PUCAI-defined remission rate of 35% at 8 weeks. Another pediatric trial found a
PUCAI-defined remission rate of 40% in the standard-dose and 48% in the high-dose
mesalazine groups, slightly higher than in our study.® However, that trial included a
higher proportion of children with mild disease [25% of children in our trial versus
~50% in the aforementioned study]. A North American pediatric registry found that
only 31% of children with UC treated with 5-ASA at disease onset were in steroid-
free remission and had no treatment escalation at 1 year."

According to the ESPGHAN-ECCO [European Society for Paediatric
Gastroenterology Hepatology and Nutrition and European Crohn's and Colitis
Organization| guidelines, 5-ASA is the first-line treatment in mild-moderate pediatric
UC. However, pediatric gastroenterologists should be aware of the fact that patients
may need to change to second-line treatment especially in children with PUCAI score
of > 45 on day 3. Some studies show that mesalazine therapy takes 2—3 weeks for
adequate response, as such, a lack of response by 3 weeks should trigger a change in
treatment. This is consistent with our study which showed that the average treatment
for ulcerative colitis was more than 3 weeks."

Conclusion

Ulcerative colitis (UC) is a chronic relapsing inflammatory condition. UC is often
treated with mesalazine as the first-line treatment. The use of the PUCAI score is an
appropriate tool to determine the progression of this disease. Based on the data
obtained, the administration of mesalazine therapy in children with ulcerative colitis
can improve PUCAI scores compared to children who do not receive mesalazine
therapy.
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Abstract:

Background: Familial hyperchylomicronemia is a very rare autosomal recessive
disorder and the most severe type of pediatric hyperlipidemia. The purpose of this
case report is to enhance clinician's insight on the diagnosis and management plan in
the case of infantile hyperchylomicronemia presenting with milky blood.

Case: We reported a 2-month-old infant with familial chylomicronemia syndrome.
The patient was ‘accidentally’ diagnosed by the observation of milky blood. Exome
sequencing revealed a homozygous likely pathogenic GPIHBP1 variant
(NM_178172.5:c.193T>C p.(Cys65Arg)) confirming the diagnosis. He was treated
with low-fat diet, a formula rich in medium-chain triglycerides and fenofibrates. After
4 days, his serum triglycerides decreased markedly. Fenofibrates were stopped at the
age of one year and his serum triglycerides were maintained at low level with dietary
measures. No complications occurred during two years follow-up period.
Discussion: Clinical manifestations of familial chylomicronemia syndrome start in
early life with a very high level of hypertriglyceridemia and with monogenetic etiology,
in contrast to multifactorial chylomicronemia syndrome that starts in adulthood, with
proposed polygenic etiology. The main treatment of familial chylomicronemia
syndrome is dietary fat restriction to less than 15% of the total caloric intake and
medium-chain triglycerides which can bypass the chylomicron pathway of fat
metabolism.

Conclusion: The main challenge in this case was the early diagnosis to protect the
patient against serious complications. The mainstay of therapy is low-fat diet and
medium-chain triglycerides. This case illustrates the relevance of establishing a timely
genetic diagnosis and treatment.

Keywords: chylomicronemia, GPIHBP1, milky blood, medium-chain triglycerides,
fenofibrates

APGHN | www.agphn.com

Vol 2 | May 2023 | Page 25

to A Novel



AP GH N Archives of Pediatric Gastroenterology, Hepatology, and Nutrition

Introduction

Familial hyperchylomicronemia is a very rare autosomal recessive disorder.!

Chylomicrons transport dietary fat in the circulation and very-low density lipoproteins
(VLDL) transport endogenous triglycerides. Triglycerides are cleared from the
circulation by lipoprotein lipase (LPL). Normally chylomicrons are cleared from the
circulation by three to four hours after a meal.” The chylomicronemia syndrome (CS)
may be due to monogenic (familial chylomicronemia syndrome (FCS)) or polygenic
etiology.”* FCS is due to mutation in the LPL gene or cofactors responsible for
regulation of its activity." Clinical presentation includes milky blood, hepatomegaly,
xanthoma, lipemia retinalis, and acute pancreatitis.' The main treatment of FCS is
dietary fat restriction to less than 15% of the total caloric intake and medium chain

triglycerides."?

Case

A two-month-old infant born to a first cousin marriage was exclusively breastfed since
birth. He had two older healthy siblings. He presented to us at the emergency ward
with parental concern of irritability. Physical examination revealed low-grade fever,
unexplained irritability, anthropometric measures were average to age, lax abdomen,
no organomegaly nor xanthomas, and fundus examination was negative for lipemia
retinalis. Milky blood was reported during blood sampling (Figure 1). Subsequent
laboratory investigations are shown in Table 1. The results of lipid electrophoresis are
shown in Table 2.

Figure 1. Milky blood presenting in the case

Given the very high level of serum triglycerides, fasting hyperchylomicronemia and
after exclusion of secondary causes (normal liver, renal function, thyroid profile, and
random blood sugar), the possible diagnosis of FCS was suggested. He was admitted
on intravenous fluids and formula rich in medium-chain triglycerides (MCT), he
received fenofibrates 40 mg orally and omega-3 fatty acids. His symptoms improved
after two days. His serum triglycerides markedly decreased (1197 mg/dL) after 4 days
and he was discharged. Upon introduction of breastfeeding (25%) concomitantly with
MCT formula (75%) for 1 week, serum triglyceride level increased again (3906
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mg/dL). Thus, breastfeeding was stopped and continued with MCT formula, fibrates
and omega-3 fatty acids. Lipid profile for all tested family members was normal. On
follow-up visits, he was maintained on low-fat diet and same management. He
acquired normal developmental milestones. At one year of age, fenofibrate therapy
was stopped and the therapy was continued low-fat diet, MCT formula, and omega-3
fatty acids. His follow-up serum triglyceride level did not exceed 1000 mg/dL for two

years period and without any complications.

Table 1. Initial laboratory investigations

Parameters Result Reference range™*
White blood cells 15.64 (5.5-17) 10°/ ulL.
Hemoglobin 95! (10.6-13.7) g/ dL
Platelet count 646 (150-500) 10°/ ul.
ALT 12 Up to 45 U/L

Utea 11 (10-50) mg/dL
BUN 5 (6-23) mg/dL
Creatinine 0.22 (0.2-0.4) mg/dL
Total cholesterol 119 Up to 200 mg/dL
Triglycerides 20364 Up to 200 mg/dL
HDL-Cholesterol 8 More than 35 mg/dL
LDIL.-Cholesterol 48 Up to 140 mg/dL
TSH 4.8 (1.7-9.1) ulU/ml
Free T4 1.2 (0.8-2) ng/dL

“very high triglycerides level, ‘normocytic normochromic anemia

Table 2. Results of lipid electrophoresis

Parameters Result Reference range™*
Alpha Lipoprotein 1% 22-46 %

Pre Beta Lipoprotein 49% Up to 27%

Beta Lipoprotein 3% 47-71%
Chylomicrons 47% Absent

To identify the cause of chylomicronemia, DNA was extracted from dried blood spot
(DBS) on filter card (CentoCard ®). Exome sequencing was performed as previously
described, using the Twist Human Core Exome Plus Kit and sequencing on an
Ilumina platform to obtain at least 20x coverage depth for >98% of the targeted
bases.’” An inhouse (CENTOGENE) bioinformatics pipeline, including read
alignment to GRCh37/hgl9 genome assembly, variant calling, annotation, and
comprehensive variant filtering was applied. The analysis revealed a homozygous
missense variant in the GPIHBP1 gene: NM_178172.5:c.193T>C, p.(Cys65Arg). This
result confirmed the clinical diagnosis of monogenic FCS. The detected variant is
extremely rare (not present in any public database), and the in-silico tools predict that
this variant is damaging. In CENTOGENE’s bio-databank, this GPIHBP1 variant
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has been detected in two additional patients from Egypt, presenting with a similar

phenotype. The variant is classified as likely pathogenic according to the ACMG-
ClinGen established criteria.

c.193T>C, p. (Cys65Arg)
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Figure 2. Bam file showing the GPIHBP1 (NM_178172.5:c.193T>C p.(Cys65Arg))
variant indicated with arrow. Total read count with the variant is 113 (variant allele
frequency: 100%). Visualized by the Broad Institute Integrative Genomics Viewer.
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Discussion

We present the case of an Egyptian patient with an early clinical and genetic diagnosis
of familial Chylomicronemia Syndrome (FCS). Timely medical treatment was
implemented with favorable response and absence of clinical complications.

Clinical manifestations of FCS start in early life with a very high level of
hypertriglyceridemia and with monogenetic etiology, in contrast to multifactorial
chylomicronemia syndrome that starts in adulthood, with proposed polygenic
etiology.” The studied case had very high hypertriglyceridemia (> 20000 mg/dL), with
fasting chylomicronemia in early infancy. A genetic diagnosis was established by
exome sequencing and the detection of a rare homozygous likely pathogenic variant
in GPIHBP1, c.193T>C p.(Cys65A1g). Previous case studies reported missense and
loss of function variants (nonsense, deletions, duplications, splicing) in the same gene,
with 51 variants registered in Human Gene Mutation Database (HGMD). Several
authors have reported missense variants affecting the same Cys65 residue detected in
our case. Olivecrona et al.’ reported three siblings with mutations involving cysteines
in the Ly6 domain of GPIHBP1 (Cys65Ser and Cys68Gly). Also, Franssen et al.’
reported a young boy with the variant Cys65Tyr, suggesting that these residues are
relevant for the protein function.

FCS can present with nonspecific symptoms such as fever and irritability.® Milky
blood can be detected during blood sampling, as reported in the current case.' Similar
findings were reported by Mo Kyung Jung et al.®, Nehal M. El-koofy et al.’, N. El
Idrissi Slitine et al'’, and Shwetha Kuthiroly et al.'’. Other clinical presentations
include eruptive xanthoma, lipemia retinalis and hepatomegaly.'” "> "> The most
serious complication in FCS is the development of acute pancreatitis.>'* Other clinical
complications include chylothorax, cerebral thrombophlebitis, lipid encephalopathy.'"
51516 The studied case presented only with irritability and milky blood with no
hepatomegaly, xanthoma, lipemia retinalis nor pancreatitis. The prevention of these
complications is likely due to the early diagnosis and treatment.

The main treatment of FCS is dietary fat restriction to less than 15% of the total caloric
intake and medium-chain triglycerides which can bypass the chylomicron pathway of
fat metabolism."* High doses of omega-3 fatty acids (4—6 gram eicosapentaenoic acid
(EPA) or doxosahexaenoic acid (DHA) daily) can reduce the production of VLDL
and size of chylomicrons. It can also activate LPL lipolysis by apo C3 inhibition.'
Lipid-lowering drugs as fibrates, nicotinic acid and statins are not Food and Drug
Administration (FDA) approved for use in pediatrics younger than 18 years of age.
Their use in marked hypertriglyceridemia is of little effect.’ Lipid apheresis can be used
in severe hypertriglyceridemia.! The studied case was treated with low-fat diet,
medium-chain triglycerides, fibrates, and omega-3 fatty acids. Although it is

APGHN | www.agphn.com Vol 2 | May 2023 | Page 29



Archives of Pediatric Gastroenterology, Hepatology, and Nutrition

APGHN

recommended not to stop breastfeeding'’, our attempts to breastfeeding were
unsuccessful as reported previously by Callum | et al.”” and Nehal M. El-koofy et al.”

Conclusion

We present a young patient clinically diagnosed with FCS, and genetically confirmed
by exome sequencing with a novel likely pathogenic variant in GPIHBP1. We
highlight the importance of early disease detection and treatment to prevent severe
complications such as cerebral complications and acute pancreatitis. Screening of
hyperchylomicronemia could be considered as part of the newborn screening
program.
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Abstract:

Background: Crohn's disease in children is a chronic inflammatory bowel disease
(IBD). The incidence of this disease has tended to increase in recent decades. This
case report aimed to increase clinician insight into Crohn's disease.

Case: We reported a case of Crohn's disease, one of the inflammatory bowel disease
(IBD) type in a 16-year-old boy. The patient came with complaints of loose stools
without mucus and blood, accompanied by heartburn, nausea, vomiting, and
decreased appetite. The patient had a history of changes in defecation patterns in the
last 4 months and decreased appetite and weight loss in the last 1 month. There was
epigastric tenderness on physical examination. Inflammatory markers and fecal
calprotectin values were increased. Gastrointestinal endoscopy results found
pangastritis and pancolitis with histopathological examination showing results
appropriate to IBD. The patient received corticosteroid methylprednisolone 1
mg/kg/day as induction therapy and expetienced improvement in symptoms and
laboratory results after 7 days of therapy.

Discussion: There are characteristic differences between Crohn's disease and
ulcerative colitis. A definite diagnosis is made by endoscopy and histopathological
examination. The current goal of Crohn's disease therapy is no longer limited to
improving symptoms or optimizing growth and development, but also targeting the
improvement of the gastrointestinal mucosa. Remission induction therapy can be
carried out with exclusive enteral nutrition or corticosteroids which are gradually
reduced.

Conclusion: This case report increases clinician insight into the characteristics,
approaches to IBD diagnosis, and remission induction therapy in Crohn's disease in
children.
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Introduction

Inflammatory bowel disease (IBD) is a chronic disease condition causing problems in
children, such as growth and developmental disorders. Inflammatory bowel disease
includes Crohn's disease (CD) and ulcerative colitis (UC). Crohn's disease involves the
entire digestive tract from mouth to anus, while ulcerative colitis affects the colon.
The incidence and prevalence of IBD are increasing, and 20-30% of cases occur before
the age of 20 years.' Inflammatory bowel disease that occurs in children tends to be
more progressive and aggressive than in adults. Crohn's disease is more common in
children than ulcerative colitis with a male-to-female ratio of 1.8:1.% In recent decades,
there has been an increase in cases of Crohn's disease in children. It is estimated that
10% of patients with Crohn's disease are diagnosed before the age of 17 years.’ Data
on IBD in children in Asian countries show variations, as in Singapore there has been
a 10-fold increase from 0.23 to 2.28 per 100,000 population in the last 20 years.*
Meanwhile in Korea, the incidence of IBD in children increased from 0.86 to 3.33 per
100,00 population, with an increase of 0.67 to 2.78 for Crohn's disease in children and
0.19 to 0.56 for ulcerative colitis in children.” Along with developments, the goals of
therapy has changed from initially only relieving and controlling symptoms to now
improving the mucosa (mucosal healing). This case report aimed to increase clinician
insight into diagnosing and providing adequate management of pediatric patients with
IBD, especially Crohn's disease.

Case

A 16-year-old boy, weight 65 kg and height 169 cm came to the Emergency Room
with complaints of weakness, loose stools for 2 days before admission to the hospital
accompanied by nausea and vomiting for more than 10 times, and abdominal pain in
the pit of the stomach for 1 day before admission to the hospital. The patient has had
a history of intermittent diarrhea for 4 months before admission to the hospital. When
the patient had diarrhea, the frequency could be up to 10 times a day with the
consistency varying from liquid to dregs. The average duration of diarrheal episodes
lasted 1 week, interspersed with diarrhea-free episodes for 1 week, and then diarrhea
returned. Recurrent diarrhea was experienced intermittently and accompanied by a
stomach feeling twisted. There was no mucus or blood in the patient's stool. The
patient also experienced anorexia and lost 5 kg of weight in the last 1 month. From
the physical examination, the patient was fully conscious, vital signs were within
normal limits, and abdominal tenderness was found in the epigastric region.
Laboratory results showed leucocytosis (25.2 thousand/ul.) with eosinophilia (58%)
and increased C-reactive protein (CRP 48.45 mg/L). Blood sedimentation rate (ESR)
was normal and IGRA was negative. The results of the stool analysis showed occult
blood (+) and increased fecal calprotectin (137.6). No leukocytes, amoebas, or bacteria
were found in the patient's feces. The stool culture was negative. The patient was
admitted to the hospital with a normal soft diet, received fluid infusion, and was
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treated medically with anti-emetics, proton pump inhibitors (PPI), probiotics, and
broad-spectrum antibiotics.

Diagnostic ~ endoscopy ~ was  performed on the patient. From the
esophagoduodenoscopy and colonoscopy result, it can be concluded the patient had
severe pangastritis and pancolitis (Figure 1 and Figure 2).

Tissue biopsies were performed from the antrum, corpus, duodenum, caecum, and
ascending colon to the rectum. The results of the anatomic histopathological
examination of the gastric section were active chronic gastritis, non-atrophic, non-
dysplastic USS grade 1V, stage 0, and H.pylori was not found. Interpretation of
histopathological anatomy from the duodenum to the rectum showed non-specific
duodenitis, active chronic colitis, and proctitis with moderate to severe degree of
activity.

. k ’ -
Figure 1. Esophagogastroduodenoscopy (EGD) of the patient showing diffuse
hyperemic mucosa of the fundus, corpus, antrum, and pyloric with moderate edema.
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Figure 2. Colonoscopy of the patient showing diffuse erosive hyperemic mucosa of
the ascending, transverse, descending colon, caecum, rectum and sigmoid.

Overall, it can be concluded that the picture found supports IBD with severe
inflammation from the stomach to the rectum with a moderate-severe degree of
activity and a chronic picture of crypt distortion in the caecum to the ascending colon.
In all preparations, no dysplasia was found. Based on history, physical examination,
laboratory results, and endoscopy results the patient was diagnosed with pangastritis
and pancolitis e.c IBD e.c Crohn's disease. The patient tried to be given an enteral
nutrition but the tolerance was not good because there was nausea and profuse
vomitting. Enterall nutrition is still given in combination with total parenteral nutrition
(TPN) to meet nurtitional needs. The patient received methylprednisolone 1
mg/kg/day intravenously. After 7 days of receiving steroid, the patient showed
improvement in symptoms with laboratory evaluation results showing improvement
in CRP to normal. The patient was allowed to discharge with oral methylprednisolone
1 mg/kg/day for 1 week which was planned to be reduced gradually according to
further clinical evaluation (tapering dose).
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Discussion

Inflammatory bowel disease (IBD) is an immune-mediated disease. Children with IBD

show a more severe degree of disease than adults. Among pediatric IBD patients, 44%
requite surgery at some point, and 29% have one or more relatives with IBD.® A family
history of IBD is often found in patients with Crohn's disease who are diagnosed
before the age of 11 years.” The causes and pathogenesis of IBD are remain unknown.
The disease is thought to involve multiple genetic components at more than 200 loci.
The genes associated with IBD are broadly related to the immune response. Several
genetic defects lead to impaired intestinal epithelial function or predispose to adaptive
and humoral immune responses. Overall, the interaction between genetics, the
immune system, and the gastrointestinal microbiota environment play an important
role in the occurrence of Crohn's disease and the ongoing inflammatory process.® In
Korean children with Crohn's disease, the IL23R gene and its variants are associated
with progtession to stenosis.” Crohn's disease in children in Asia predominantly affects
the ileocolonic with the most common inflammatory phenotype.'’

IBD in children has a variety of symptoms, both gastrointestinal and extra-intestinal
symptoms. Early symptoms of patients with IBD include abdominal pain, diarrhea,
and blood in the stools which are frequent manifestations''. In ulcerative colitis, the
most common manifestations are abdominal pain and bloody diarrhea, whereas, in
Crohn's disease, the manifestations are diarrhea, abdominal pain, weight loss, growth
retardation, and anorexia." Growth retardation has been reported in up to 20% of
children with Crohn's disease and growth failure in up to 44% of children younger
than the age of 6 years with IBD."” In our patients found abdominal pain in the pit of
the stomach, symptoms of diarrhea recurrent and intermittent in which there is no
visible blood, weight loss, and anorexia. The nutritional status of the patient is still

good.

Some important aspects in the management of pediatric IBD in Asia are early
diagnosis and referral by increasing the ability of general practitioners and public
awareness, making the right diagnosis, and ruling out other diagnoses, especially
infections and gastrointestinal tuberculosis (TB) where this can cause colitis and mimic
Crohn's disease, and cost-effective therapy strategies. As TB is endemic in Asia, ruling
out TB needs to be considered as an initial step in establishing a diagnosis.” In our
patient, there were no leukocytes, bacteria, or amoebas in the patient's stool and the
IGRA examination results were negative so the possibility of infection and intestinal
TB could be ruled out.

In most children with IBD, especially Crohn's disease, inflaimmatory markers are
increased so laboratory tests are needed including complete peripheral blood, CRP,
ESR, kidney function, liver function (SGOT/SGPT, albumin), fecal calprotectin, and
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stool analysis and culture. The possibility of infection must be ruled out by

examination of a stool culture. The use of fecal calprotectin as an indicator of IBD is
increasing. Calprotectin is significantly associated with mucosal inflaimmation in
pediatric IBD and may be a major marker of inflammation."* Fecal calprotectin can
also be used for disease monitoring."” In our patient, found leukocytosis accompanied
by increased markers of inflammation (CRP 44.35 mg/L), stool analysis possitive of
occult blood with increased fecal calprotectin, and negative stool culture. This
supports the diagnosis of IBD.

Radiological imaging in pediatric IBD includes ultrasonography (USG), computed
tomography (CT-scan), and magnetic resonance enterography (MRE).
Ultrasonography can be used to visualize characteristics of Crohn's disease such as
bowel thickening, dilatation, strictures, presence or absence of abscesses, fistulas, or
inflammation of the mesentery. CT scan and MRI can be used to find out other
abnormalities that may accompany or cause symptoms similar to IBD. The American
College of Radiology (ACR) mentions that for pediatric patients with suspected
Crohn's disease, CT-enterography and MRE examinations are equally good.
Nevertheless, a definite diagnosis of IBD must be established by endoscopic
examination of the gastrointestinal tract accompanied by histopathological
examination.

Gastrointestinal endoscopy should be performed in all cases with suspected IBD and
multiple histological biopsies taken from all parts of the gastrointestinal tract to
differentiate Crohn's disease from ulcerative colitis.16 Total colonoscopy with ileum
intubation, upper gastrointestinal endoscopy, multiple biopsies and exploration of the
bowel are recommended as diagnostic procedures.17 The difference between Crohn's
disease and ulcerative colitis is sometimes not clearly defined. Involvement of almost
the entire digestive tract with a wide distribution of inflaimmation and the presence of
granulomas makes the diagnosis more suggestive of Crohn's disease than ulcerative
colitis. In our patient, endoscopic results found pangastritis and pancolitis which
indicated involvement of almost the entire digestive tract accompanied by a wide
distribution of inflammation.

Complete comparison of Crohn's disease and ulcerative colitis is presented in Table
1.
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Table 1. Comparison of the characteristics of Crohn's disease and ulcerative colitis'

Characteristics

Crohn's disease

Ulcerative Colitis

Gender
Symptoms and signs

boy > girl
Abdominal pain, diarrhea,

boy = girl
Massive bloody diarrhea,

anorexia, weight loss, abdominal pain

growth failure

Location Mouth to anus, involving Colon, involving only the
all layers of the mucosa - mucosa
serosa

Endoscopic findings Segmental  distribution, Diffuse and continuous
aphthous wulcers, deep erythema
ulcers, cobble stones,
strictures, fistulas

Histological Findings Pathognomonic non- Cryptitis, crypt abscess,
caseating granuloma, distal Paneth cell
ileitis metaplasia

Radiological findings Skip area, rigid stenotic Colonic dilatation in toxic

segrnent megacolon

Based on the history, symptom characteristics, laboratory results, endoscopy results,
and histopathological examination results, the diagnosis of Crohn's disease was made
in our patient.

Initially, the goals of IBD therapy in children were to relieve symptoms, optimize
growth, and improve the patient's quality of life. To achieve these, tight control of
inflammation is essential. However, the new paradigm of the current goal of IBD
(Figure 3 and Table 2).
Achievement of mucosal healing is associated with better long-term outcomes."

therapy in children is to achieve mucosal healing.”

Normal histological features are the main focus of current therapy. In Asia, the goals
of Crohn's disease therapy in children include normal growth, absence of disability,
and improvement of quality of life, as well as mucosal healing as a long-term goal of
therapy.”’ However, in some parts of Asia Pacific with limited resources, it may not
be possible to achieve the goal of endoscopic mucosal healing.
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Severe: 40-100 points another IM if 6-MP: 6-mercaptopurine
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X EEN: exclusive enteral nutrition
A. EEN for 8 weeks, polymeric or protein pﬂSSIblc IM: immunomodulator
Elementals can be used MTX: methotrexate
B. The use of 5-ASA in Crohn's disease is still TNF: tumor necrosis factor

Controversial.

C. Budesonide oral recommended dose is 9 mg/day 4 weeks, then 6 mg/day 4 weeks, and then 3 mg/day 4 weeks. It is not recommended to use

oral budesonide as maintenance therapy.

D. Azathioprine 2-2.5 mg/kg PO once a day; 6-mercaptopurine 1-1.5 mg/kg PO once a day; methotrexate 15 mg/m2 once a week (SC or IM)
E. Prednisolone if EEN is not tolerated. Prednisolone 1-2 mg/kg once a day up to 60 mg/day for 2-4 weeks then taper off over 10-12 weeks.

Consider the intravenous route for severe cases

F. High risk for Crohn's disease include: extensive disease, severe colonic ulceration, growth failure, strictures, severe perianal disease
G. Induction with anti-TNF alpha (infliximab or adalimumab) with or without an immunomodulator (thioporin or methotrexate)
H. Therapy monitoring is useful for dose adjustment. Other biologic agents may be considered if anti-TNF alpha therapy fails.

Figure 3. Management of pediatric Crohn's disease in Asia.”!
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Table 2. Treatment recommendations for pediatric inflammatory bowel disease
(PIBD) in Asia.”!

1.  Induction Therapy

1.1 Gastrointestinal infections and other causes of diarrhea, especially gastrointestinal TB, need to be ruled out
before diagnosing IBD in Asian children.

1.2 EEN is recommended in the induction and re-induction phases as the therapy of choice in Asian children
who have just been diagnosed with Crohn's disease or relapse cases who ate not high-risk factors.

1.3 EEN is not recommended for induction therapy in complicated Crohn's disease, including strictures, intestinal
penetration, and perianal disease.

1.4 In children with Crohn's disease who do not tolerate or respond to EEN after 2-4 weeks, oral corticosteroids
should be considered.

1.5 In areas where resources ate limited and where EEN is not available, 5-ASA may be considered as induction
therapy in mild Crohn's disease.

1.6 EEN is not recommended as induction therapy in Ulcerative Colitis.

1.7 Oral 5-ASA preparations are recommended as first-line therapy for mild to moderate ulcerative colitis.

1.8 Corticosteroids are recommended as the treatment of choice in moderate to severe ulcerative colitis

1.9 Biologic agents may be considered as first-line therapy in high-risk pediatric Crohn's disease and second-line
therapy for steroid-refractory ulcerative colitis or patients with ASC.

2. Maintenance Therapy
2.1 Corticosteroids are not recommended as maintenance therapy in pediatric IBD.
2.2 Partial enteral nutrition may be considered as adjunctive therapy to immunomodulators to prolong remission
in pediatric Crohn's disease patients with luminal disease without fistulas or strictures.
2.3 In ulcerative colitis, 5-~ASA monotherapy is recommended in maintaining remission in children with mild
disease. In children with frequent relapses on 5-ASA or corticosteroid-dependent maintenance therapy,
AZA is recommended as maintenance therapy.

3. Immunomodulator

3.1 AZA is recommended as first-line maintenance therapy for Crohn's disease and ulcerative colitis

3.2 Where NUDT15 genotyping and TPMT enzyme assay are not available, it is recommended that complete
peripheral blood count and liver enzymes should be monitored weekly. After the AZA dose is fixed,
monitoring can be paused for up to three months. Complete peripheral blood count and liver enzymes are
still required although NUDT15 genotyping and TPMT enzyme assay are available.

3.3 Routine screening for EBV prior to starting thiopurine therapy is not recommended

3.4 MTX may be considered in Crohn's disease both as main maintenance therapy and as replacement therapy
in cases of intolerance and non-response to thiopurines.

3.5 TAC may be considered as a short-term agent in cases of steroid-refractory ulcerative colitis as well as
replacement therapy in ASC.

4. Biologic

4.1 The use of biologic agents, IFX and ADA is recommended in inducing and maintaining remission in chronic
luminal Crohn's disease despite adequate immunosuppressant therapy or steroid refractoriness. In addition,
biologic agents should be used as primary induction and maintenance therapy in severe luminal disease and
active perianal disease.

4.2 In ulcerative colitis, both IFX and ADA are indicated in steroid-dependent and refractory cases, as well as
for active or recurrent disease despite adequate 5-ASA and thiopurine therapy.

4.3 The main considerations for using biologic agents in the Asia Pacific region are the very expensive price,
limited materials, and the potential risk of infection, especially TB.

5-ASA: 5-aminosalicylic acid; ADA: adalimumab; ACS: acute severe colitis; AZA: azathioprine; EBV: Epstein Barr
Virus; IBD: inflammatory bowel disease; IFX: infliximab; MTX: methotrexate; EEN: exclusive enteral nutrition
NUDT-15: nudix hydrolase 15; TAC: tacrolimus; TB: tuberculosis.
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The use of antibiotics needs to be considered in patients with Crohn's disease because

of the possibility of bacterial overgrowth or to prevent infections that can worsen."
In a randomized control trial (RCT) of pediatric patients, it was stated that giving the
combination of antibiotics azithromycin and metronidazole during the induction
period was more effective in improving symptoms than the metronidazole group
alone.” The fecal calprotectin values dectreased significantly in the group that received
the combination antibiotic. Our patient has been administered with broad-spectrum
combination antibiotics.

The specific management of Crohn's disease in children is to start giving nutrition and
steroids as the initiation of therapy. Exclusive enteral nutrition (EEN) is
recommended using a complete liquid formula as a food source for the initial 6-8
weeks." The selection of polymeric formula nutrition can be considered the first
choice. In a study by Kadim M et al.,” it is stated that giving EEN is as effective as
corticosteroids for inducing Crohn's disease remission in children, but giving EEN is
more recommended because of its better mucosal healing effect and there are no long-
term side effects on growth. A study in Southeast Asia shows that after using EEN
for 8 weeks, 91% of children with Crohn's disease achieved remission with significant
weight gain and improvement of inflammatory markers and PCDAI scores.** A study
by Chan et al.,” in Malaysia, also shows that EEN is as effective as primary induction
therapy in new cases and re-induction in relapsed cases of Crohn's disease in children.

The use of EEN as an induction therapy for Crohn's disease in children is especially
relevant in Asia where the incidence of infectious diarrhea is high and there is concern
over the use of biologic agents in TB endemic areas.” In cases where the diagnosis of
Crohn's disease is uncertain, EEN is an appropriate choice to avoid the side effects of
immunosuppressants and is also an effective therapy in the Asian child population.”
The use of nasogastric tube is worth considering so that EEN can be given adequately
and avoid rejection. The side effects of EEN administration are diarrhea and vomiting.
Crohn's Disease exclusion diet (CDED), a diet rich in complex carbohydrates and low
in animal fat with a moderate amount of fiber has been shown to be effective in
inducing remission in children with Crohn's disease. When compared to EEN alone,
CDED added with partial EEN therapy provides better tolerance and patient
acceptance, and induces more remissions in children with mild-moderate Crohn's
disease.”

In pediatric Crohn's disease patients, oral corticosteroids are effective at inducing
remission.” If EEN is not effective after 2-4 weeks of administration or is not well
tolerated, then systemic corticosteroids should be given. The initial dose of
prednisolone follows the patient's weight (weight-dependent) and should be tapered
immediately when clinical improvement is achieved, a maximum of 4 weeks after
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initiation of therapy. In general, oral prednisolone or prednisone may be given once a
day at a dose of 1 mg/kg/day (maximum 40 mg per day) and may be increased to 1.5
mg/kg/day (maximum 60 mg per day) if the response to therapy with an initial dose
of 1 mg/kg/day is not satisfactory.'® For children weighing more than 40 kg, an initial
dose of budesonide can be given 9-12 mg once a day for 6 weeks. A dose of up to 12
mg may be given during the first 4 weeks.” Then it is gradually lowered as follows: 6
mg once a day for 2 weeks and 3 mg once a day for 2 weeks. The total duration of
budesonide administration from initiation to tapering down is 10-12 weeks. If oral
administration is not well tolerated, intravenous steroid administration is an option.
Ideally, EEN should be given, but in our patient the tolerance was not good because
there was severe vomitting. Because enteral nutrition could not be fulfilled propetly,
steroid was given. For induction therapy, the patient was given methylprednisolone 1
mg/kg/day. An intravenous route is an option because the patient had symptoms of
nausea and vomiting. The patient felt improvement in clinical symptoms and CRP
significantly after 7 days of receiving corticosteroids, then he was allowed to discharge
with oral methylprednisolone 1 mg/kg/day for 1 week which was planned to be
tappering down gradually according to further clinical evaluation during outpatient
check-up. (Table 3)

Table 3. Laboratory work up result.

Result

Laboratory Wotkup ~ Before steroid treatment  After steroid treatment Unit
Hemoglobin 17.3 15.3 g/dL
Hematocrit 53 46 %o
Erythrocytes 6.4 5.6 Million/ul.
Leucocytes 25.2 12.8 Thousand/uL
Thrombocytes 280 421 Thousand/uL
Basophil 1 0 %o
Eosinophil 58 3 %o
Neutrophil 28 87 %
Lymphocytes 8 5 %o
Monocytes 7 5 %o
CRP 48.45 0.67 mg/dL
Procalcitonin N/A < (.05 ng/mL
IGRA-TB Negative N/A N/A
Fecal calprotectin 137.6 N/A N/A
Fecal analysis Occult blood (+) N/A N/A
Fecal culture Negative N/A N/A

N/ A: not available
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Stenosis as a complication of Crohn's disease is frequently found in Asian children®.
Therapy using Biologic agents is recommended as initial therapy in children with
stenosis without prestenotic dilatation. However, in resource-limited settings where
biologic agents are not readily available, endoscopic or surgical dilation should be
considered.” Indications for surgery in pediatric Crohn's disease include strictures,
stenosis, obstructive symptoms, and perianal fistula.” Surgery also needs to be
considered in children who are entering puberty where the growth of bone age
decreases in the range of 6-12 months despite optimal medical and nutritional therapy.
There were no signs of obstruction or complications in our patient, so no operative
management was required.

Conclusion

Crohn's disease belongs to the category of IBD involving the entire upper and lower
digestive tract. This disease can cause complications such as growth and development
disorders in children. Crohn's disease can be differentiated from ulcerative colitis by
several characteristics. Calprotectin fecal examination, gastrointestinal endoscopy, and
histopathological examination results are necessary in all cases of suspected IBD. The
current goals of Crohn's disease therapy are to achieve optimal growth, eliminate or
reduce symptoms, and achieve the mucosal repair. Exclusive enteral nutrition or
corticosteroids is the main pillar in the management of Crohn's disease in the

induction phase.
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Abstract:

Background: Gastroesophageal reflux disease (GERD) is a condition where stomach
contents reflux into the esophagus, causing discomfort and complications. It is most
prevalent in infants (26.9%) and lesser in children under 10 (3.2%) and over 10 years
old (10.1%).

Discussion: GERD is caused by frequent relaxations of the lower esophageal
sphincter (LES), allowing stomach contents to escape into the esophagus. Symptoms
vary with age, with infants experiencing regurgitation and irritability, while older
children may have heartburn and nausea. Diagnosis requires differentiating GERD
from similar conditions and may involve various tests, though their primary use lacks
sufficient evidence. Nonpharmacological treatments include positioning, thickened
feeding, reducing feeding volume but increasing frequency and possibly eliminating
cow's milk protein. Pharmacological treatments include Proton Pump Inhibitors
(PPIs), and Histamine Receptor Antagonists (H2RAs), though their efficacy varies.
Prokinetics are generally not recommended due to lack of evidence. If all these
treatments fail, anti-reflux surgery such as fundoplication can be considered.
Conclusion: The hallmark of GERD is the presence of esophagitis during endoscopy.
However, Barrett’s esophagus is rare in pediatric GERD patients. Factors indicating a
wortse prognosis include eatly onset age, an initial GERD diagnosis and the need for
PPI at initial diagnosis.

Keywords: P

Introduction

Gastroesophageal reflux is defined as retrograde passage of gastric contents into the
esophagus. Gastroesophageal reflux disease (GERD) occurs when the process leads
to troublesome symptoms and complications.”> Meanwhile, refractory GERD is
defined when GERD does not respond to optimal treatment after 8 weeks.’ In infants,
infrequent gastroesophageal reflux is often physiological and does not cause
symptoms or complications. Preterm infants are at risk for gastroesophageal reflux
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due to their physiological immaturity of the lower esophageal sphincter, disrupted
esophageal peristalsis, relatively abundant milk intake, and slower gastric emptying.'

Earlier study found that the prevalence of GERD symptoms was 26.9% (95%
confidence interval [CI] 20.1-33.7, I 2% 6.83) and ranged from 23.1% to 40.0% in
infants aged 0-18 months.* A study in Singapore reported that the highest prevalence
of GERD in infants was 26.5% at age 6 weeks. The prevalence declined to 7.7% at 3
months, 2.6% at 6 months and 1.1% at 12 months.” In children, the prevalence of
weekly GERD symptoms was lower in aged <10 years old than in =10 years old (3.2%
and 10.1% respectively).*

Pathophysiology

The lower esophageal sphincter plays a role in the pathophysiology of GERD in
children. The lower esophageal sphincter (LES) constitutes the major component of
the anti-reflux bartier. The LLES is located at the gastroesophageal junction and relaxes
during swallowing so that food and liquid will directly go into stomach.

The most common pathophysiology of GERD is the transient LES relaxation.
Transient LES relaxation occurs when LES pressure relaxes independently of
swallowing, hence allows it to the level of intragastric pressure. Normally this process
allows gas releasing into the esophagus. Transient LES relaxation can be stimulated
by increased intraesophageal pressure when the patient is crying, gastric distension,
and respiratory disease. However, frequent transient LES relaxation serves
opportunities for stomach contents into the esophagus and cause GERD symptoms.”
The normal LES pressure is 5-20 mm Hg and is 4 mm Hg or more above intragastric
pressure. Normally, the LES pressure remains slightly higher than that of the lower
Gl tract to prevent stomach contents escape to the esophagus. During peristalsis, this
lower sphincter will relax. If this sphincter relaxes to the level of gastric pressure or a
pressure of 0—2 mm Hg, a retrograde passage of gastric contents into the esophagus

will occur.™

The other components of antireflux barrier are the crural ligament, the angle of His,
and the phrenoesophageal ligament.! The angle of His is located between the
esophagus and the great curvature of the stomach and allows one-way movement of
food and liquid into the stomach. This angle is larger in infants, providing stomach
contents escape and worsen the GERD symptoms. The GERD symptoms also
worsen in right-sided sleeping positions, hence increasing the angle of His, esophageal
acid exposure and reduces esophageal clearance.’

Most of the gastroesophageal reflux episodes are caused by the transient relaxation of
the lower esophageal sphincter due to postprandial gastric distension. Moreover, an
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increased intraabdominal pressure or delayed gastric emptying will also lead to

gastroesophageal reflux, even if the lower esophageal sphincter pressure was normal."’

Clinical Manifestation

Clinical manifestations of GERD in infants and children vary with age. In infants,
gastroesophageal reflux often occurs at birth. This reflux might be worse after oral
intake or when the infant is in a recumbent position.! These infants present with
gastroesophageal reflux yet still able to thrive well with no symptoms nor
complications are called happy spitters."”

Presenting symptoms in infants and young children are presented as regurgitation,
irritability, crying episodes, feeding difficulty, gagging, failure to thrive, sleep
difficulties."” In infants, clinical presentations of GERD may also present with extra-
oesophageal symptoms such as coughing, choking, wheezing and, rarely, apnoea.” A
spasmodic torsional dystonia with arching of the back and neck, lifting up of the chain,
and rigid opisthotonic posturing is highly indicating GERD in infants and is called
Sandifer Syndrome.'

Clinical presentations in older children and adolescents are similar to those in adults
such as chronic regurgitation, nausea, heartburn, retrosternal or epigastric pain,
dysphagia, nocturnal pain, and sour burps. These symptoms might be extra-
oesophageal including chronic cough, wheezing, recurrent pneumonia, sore throat,
hoatseness, halitosis, chronic sinusitis, laryngitis or dental erosions."” Children aged
<12 years old often present with anorexia, nausea, vomiting, abdominal pain, and food
refusal.’(Table 1) There are several red flags that prompts further investigation in
children with GERD, presented in Table 2.

Table 1. Symptoms related with GERD in infants and children from 0-18 yeats old’

Symptoms Signs

General General

- Discomfort/irritability* - Dental erosion

- Failure to thrive - Anemia

- Feeding refusal

- Dystonic neck posturing (Sandifer
syndrome)

Gastrointestinal Gastrointestinal

- Recurrent regurgitation with/without - Esophagitis
vomiting - Esophageal stricture

- Heartburn/chest painf - Barret esophagus

- Epigastric paint

- Hematemesis

- Dysphagia/odynophagia
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Airway

- Wheezing

- Stridor

- Cough

- Hoarseness

Airway

- Apnea spells

- Asthma

- Recurrent pneumonia with
aspiration

- Recurrent otitis media

*A single manifestation of excessive irtitability and pain is unlikely to be related to GERD.

TTypical symptoms of GERD in older children

Table 2. Red Flag Symptoms that prompts further investigation’

Symptoms and signs

Notes

General

- Weight loss

- Lethargy

- Fever

- Excessive itritability/pain

- Drysuria

- Onset of regutgitation/vomiting > 6
months or increasing/persisting > 12-18
months of age

- Suggesting a variety of conditions,
including systemic infection

- Suggesting urinary tract infection

- Late onset as well as symptoms
increasing or persisting after
infancy, may suggest diagnosis

other than GERD
Neurological
- Bulging fontanel/increasing head - May suggest raised 1CP
circumference (meningitis, brain tumout,
- Seizures hydrocephalus)
- Macro / microcephaly
Gastrointestinal
- Persistent forceful vomiting - Indicates hypertrophic  pyloric

- Nocturnal vomiting
- Bilious vomiting

-  Hematemesis

- Chronic Diarrhea

- Rectal bleeding

- Abdominal distension

stenosis in infants < 2 months old

- May suggest increase ICP

- Suggests intestinal obstruction
(Hirschsprung, intestinal atresia,
volvulus)

- Suggests serious bleeding from
upper GI tract; possibly GERD
associated

- May suggest food protein-induced
gastroenteropathy

- Indicative of multiple condition

(bacterial ~ gastroenteritis, IBD,
food protein induced
gastroenteropathy)

- Indicative of obstruction,
dysmotility, anatomic
abnormalities

NSAID = non-steroidal anti-inflammatory drugs.
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Differential Diagnosis

When considering the differential diagnosis of gastroesophageal reflux disease

(GERD) in pediatric patients, several other conditions might come to mind due to the

similarity of symptoms. (Table 3)

Eosinophilic esophagitis, a chronic immune disease, might be considered as it can

present with difficulty swallowing, stomach pain, heartburn, and the sensation of food

getting stuck in the throat. Inflammation, irritation, or erosion of the lining of the

stomach, as seen in gastritis or gastric ulcers, could also present with similar symptoms

to GERD. Peptic ulcer disease, which involves ulcers in the stomach or first part of

the small intestine, is another condition that can mimic GERD symptoms.

Further investigation is often required to distinguish between these conditions and

ensure an accurate diagnosis.

Table 3. Differential Diagnosis of Gastroesophageal Reflux Disease*

GI obstruction

- Pyloric stenosis

- Malrotation with volvulus
- Intussusception

- Hirschsprung disease

Metabolic

- Galactosemia

- Hereditary fructose
intolerance

- Uric cycle defect

Other GI disorder
- Achalasia

- Gastroparesis

- Gastroenteritis

- Peptic ulcer

- Antral/duodenal web - Acidemia (amino / - Eosinophilic
- Foreign body organic) esophagitis
- Incarcerated hernia - FPatty acid oxidation - Food allergy
- Superior mesenteric artery disorder - IBD

syndrome - Metabolic Acidosis - Pancreatitis

- Congenital Adrenal - Appendicitis
hyperplasia/adrenal crisis

Neurologic Cardiac Infectious
- Hydrocephalus - Heart failure - Sepsis / meningitis

- Subdural hematoma
- Intracranial haemorrhage

- Intracranial mass

- Vascular ring

- Autonomic dysfunction

- UTI

- Uppet / lowet
airway infection

- Otitis media

- Hepatitis
Toxic Renal Others
- Lead poisoning - Obstructive uropathy - Cyclic vomiting
- Other toxins - Renal insufficiency syndrome
- Rumination
syndrome

*Adapted from the ESPGHAN/NASPGHAN 2009 GERD guidelines.
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Diagnostic Approach
The diagnosis of GERD in infants and children is established based on clinical
manifestations and strengthened by additional diagnostic examinations. These

additional diagnostic tests are used to rule out other differential diagnoses of
GERD.’(Figure 1 and Figure 2)

Infant with suspicion of GERD

History and physical examination

Yes
Presence of alarm signs Tailor testing to address alarm signs and
refer appropriately
No
Avoid overfeeding, thicken feeds, continue breastfeeding Improved Continue management
Not improved
Improved Continue management and discuss milk

Consider 2-4 wecks of protein hydrolysate or amino acid based formula or

. _ S e . protein reintroduction at follow up
in breasted infants, elimination of cow’s milk in maternal diet

Not improved Referral not
ossible ider 4-8 weeks trial of acid
Refer to pediatric gastrointestinal P Consi er‘ 8 weeks . ot act
suppression then wean if symptoms
Referral improved
Revisit the differential diagnoses, consider testing and/or short medication Successful weaning

trial

Symptoms No further treatment
not

improved

Figure 1. Diagnostic and therapeutic algorithm for reflux in infants

Upper GI Contrast Study

Upper GI contrast study evaluation is used in the evaluation of infants and children
with alarm signs or patients with symptoms that are unresponsive to therapies and are
needed to be evaluated for anatomic abnormalities. This test is able to rule out other
conditions that mimic or predispose to GERD such as hiatal hernia, malrotation,
pyloric stenosis, duodenal web, duodenal stenosis, antral web, esophageal narrowing,
achalasia, and esophageal stricture. This test is also used in evaluating patients who
have had anti-reflux surgery yet still suffers persistent typical or atypical reflux
symptoms.” Upper GI contrast study will differentiate an obstructing fundoplication
with esophageal stasis from a slipped or loose fundoplication.” However, there are no
sufficient evidences that report the use of upper GI contrast study as the primary
diagnosis modality for GERD in infants and children.’

Ultrasonography

There is no evidence that support ultrasonography as the primary diagnostic test of
GERD in infants and children. The sensitivity of this test is about 95% with a
specificity of 11% if performed for 15 minutes post-prandially, compared to the 24-
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hour esophageal pH test. Ultrasound is highly user-dependent and esophageal wall
thickness does not correlate with esophagitis, therefore, it is not useful for diagnosis
of GERD.® This test is used to rule out other conditions that mimic GERD such as
pyloric stenosis and hiatal hernia.’

Child with typical
symptoms of GERD
Histroy and physical
examination
Yes Tailor testing to address alarm signs and
Presence of alarm sign refer appropriately
No
Improved
Lifestyle and dietary Continue management
education
Not improved
Improved
Acid suppression for 4-8 Continue for a total of 4-8 weeks and
weeks then attempt wean
Not improved
Refer to pediatric G ymptoms recur with weaning
Persistent symptoms on PPI or inability to Erosions or cosinophilic
stop PPI after wean attempts esophagitis
Endoscopy | Treat appropriately
No erosions, PPI-responsive symptoms No erosions, persistent symptoms despite PPI
Continue PPI for responsive symptoms
with periodic weaning attempts pH-MII or pH-metry
] Normal acid Negative symptom
Abnormal acid exposure exposure correlation
Positive symptom .
NERD correlitiopn Functional
heartburn

Reflux
hypersensitivity

Figure 2. Diagnostic and therapeutic algorithm for reflux in older children

Esophago-gastro-duodenoscopy (EGD) with/without biopsy

EGD serves in establishing diagnosis of erosive esophagitis, eosinophilic esophagitis,
and other diagnosis that mimic GERD characteristics. Visible breaks found in
esophageal mucosa are defined as erosive esophagitis, meanwhile, eosinophilic
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esophagitis is suspected when multiple concentric rings, linear furrow, and small white
eosinophilic exudates were found during EGD.’

Patients with GERD will likely to have erosive esophagitis findings in EGD as much
as 15% to 71%.> Visible endoscopic erosions found during EGD will confirm the
diagnosis of GERD. EGD is also used in evaluating children with extra-esophageal
symptoms with 8% of these patients may have eosinophilic esophagitis.” However,
normal findings in endoscopy does not rule out the possibility of GERD. GERD
might still be present in the absence of erosions of histological abnormalities.

EGD also serves in the evaluation of patients with alarm symptoms, complications of
GERD (such as strictures and Barrett esophagus), other conditions predisposing to
GERD, and other conditions that mimic GERD manifestations.’

Biomarkers

Pepsin is considered to help establish the diagnosis of extraesophageal reflux disease.
However, there is insufficient data to support routine use of this biomarker. Pepsin
positive were found in almost one-third control patients. The sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) of pepsin to
diagnose GERD were of 72%, 71%, 58%, and 82%, respectively. Earlier studies
compared the salivary pepsin with the results from pH-MII testing, yet the result had
limited sensitivity due to lack of cut-off use. >’ Pepsin measured in bronchoalveolar
lavage (BAL) and middle ear fluid also showed lack of sensitivity.>’

Manometry or motility studies

There has not any evidences yet to support manometry for the diagnosis of GERD in
infants and children. Manometry might be used in the evaluation of GERD etiology.
High-resolution of manometry with impedance may rule out esophageal motility
disorders in patients whose symptoms are similar to GERD such as esophageal
achalasia.’

Scintigraphy

The sensitivity and specificity of scintigraphy were only 69% and 78%. Gastric
scintigraphy is useful in the evaluation of impaired gastric emptying which might be a
risk factor for GERD.’ It is may also reveals tracer in the bronchi, indicating
pulmonary aspiration. Gastric scintigraphy is indicated when GERD manifestations
do not respond to therapies and other diagnoses are considered. ’

Proton pump inhibitor (PPI) trials
Initially PPI was used as a diagnostic test with a consideration that diagnosis of GERD
was determined if the symptoms responded to PPI. However, this could not be
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applied to infants since none of the trials showed symptoms reduction compared to
placebo.’ In older children and adolescents, a 4 to 8 week of PPI trial can be used as
a diagnostic test for GERD. There has not yet adequate evidences to support the use
of PPI as a diagnostic test for extra-esophageal symptoms.’

pH-Metry/wireless pH recording

Earlier study measured Reflux Index (RI), a percentage of time that pH<4 using pH-
metry to establish pathological GERD (abnormal was defined when pH <4 for >10%
for infants <1 years old and 5% infants>1 year). The authors found that using history
and physical examination as the gold standard for the diagnosis of GERD, RI had a
sensitivity and specificity 50% and 82%.” However, this test has some limitations. Lack
of a gold standard for comparison makes it inconvenient to differentiate GERD and
GER using pH-metry. > pH-metry is also inadequate to diagnose extra-esophageal
symptoms. * The appropriate time to consider a symptom correlated with reflux is still

debated. ?

When the pH-MII is not available, pH-metry can be considered in the evaluation of
GERD. pH-metry is helpful to correlate symptoms with acid reflux episodes,
particularly in differentiating NERD from other acid disorders. pH-metry can also be
considered in the evaluation of acid therapy dosage in patients with persistent
symptoms or esophagitis in high-risk patients (e.g., esophageal atresia or patients with
neurological impairment).

An alternative to pH probe monitoring, wireless pH recording has been introduced as
this test is more convenient to some patients. The wireless recording device is clipped
to the esophagus, hence, there is no need to have a catheter in the nose. Children with
developmental delay or patients with exercise induced GERD will benefit with this
test. This wireless device is able to record pH changes for a minimum of 48 hours, yet
other studies reported its ability to record up to 5 days. Studies in children have found
that the results using this wireless device are comparable to those with pH probe
monitoring that underwent simultaneously. Some complications such as esophageal
tears, chest pain, and device failure have reported in 0% to 15% of patients.

pH-Impedance monitoring (pH-MIII)

There are some advantages of pH-MII compared to pH-based testing. It is able to
detect: 1) refluxate with pH <4 and pH >4, 2) full column refluxate, 3) liquid and gas
reflux, and 4) drops in esophageal pH due to reflux versus swallow-related drops in
pH. pH-MII also showed a high sensitivity compared to pH-metry in the detection of
reflux episodes, specifically the non-acid reflux episodes. * Nevertheless, there are still
some limitations to this test. pH-MII is not available in all medical centers. The
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reference range is also limited due to lack of true control patients. Moreover, there is

no pediatric studies yet that show the results of pH-MII can affect the clinical

outcomes. ?

Despite of its limitations, there are some indications for pH-MII in the evaluation of
GERD: 1) to evaluate patients with normal endoscopy in order to give appropriate
therapy, 2) as a diagnostic test in symptomatic patients who take acid suppression due
to its ability to assess the level of non-acid reflux, 3) as a preferrable test to assess the
reflux episodes in predominant postprandial events that would be missed by a solely
pH-metry, 4) to clarify the role of acid and non-acid reflux in the etiology of
esophagitis and other conditions suggestive for GERD. However, there is no adequate
evidence to support the pH-MII as a single technique for the diagnosis of GERD in
infants and children.

Nonpharmacological treatment

Positioning

Various baby positions have been studied to reduce the frequency of GERD. A study
in premature infants showed a significantly reduced number of episodes of reflux in
the left lateral decubitus position compared to the right lateral position.® Another study
in infants placed on an anti-reflux bed (elevation 45 degrees) significantly decreased
the parameters and symptoms of regurgitation.” However, this method should be
strictly observed to prevent infant from rolling over to the lower leg area and
compressing on its airway. One other study showed that positioning infant on its right
side for one hour after drinking would accelerate gastric emptying and after that it was
tilted to the left to reduce gastroesophageal reflux.'” Up until now, there is not any
certain position that is the most effective in reducing gastroesophageal reflux
symptoms.

Thickened feeding

Thickened feeding is done by adding a thickening agent to infant formula to increase
the thickness of the liquid. Adding thickeners may give benefit to the patient by:
reducing vomiting and visible regurgitations per day, increased number of days
without regurgitation, and reducing symptoms of crying and itritability."" Thickened
feeding is recommended to be used for treating GERD patients with visible
regurgitation / vomiting. Suggested thickeners to be used atre cereal based thickeners
(e.g. rice starch, corn starch) and commercial thickeners (e.g. xanthum gum).” There
are no evidence-based suggestion that suggest a superior thickening agent compared
to other."
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Reduction of ingested volume

Smaller, more frequent feeding may help by reducing the load of work for the digestive
system in pediatric patients. More frequent feeding with lower volume has been shown
to reduce reflux index in preterm and term infants. It is suggested to avoid overfeeding
by increasing feeding frequency and volume for age and weight, while maintaining the
recommended total daily amount.

Elimination of cow’s milk protein

There are no conclusive evidence that suggest elimination of cow’s milk protein can
help with GERD symptoms, though it has been documented in infants with cow’s
milk protein allergy vomiting frequency decrease significantly after elimination of
cow’s milk protein in their diet."” Reduced vomiting frequency usually happens after 2
weeks of elimination, and reintroduction causes recurtence of symptoms.” A trial of
using hydrolyzed formula or amino acid based formula should be considered
considering the symptoms of GERD and CMPA are identical, especially for those
who did not respond to conventional GERD therapy.’

Pharmacological Treatment

Antacids and alginates

Antacids and alginates are agents that are designed to neutralize acid, typically
containing sodium/potassium bicarbonate, aluminum salt, magnesium salts, or
calcium salts. These agents are typically used to treat symptoms related to acid disorder
such as heartburn or dyspepsia. Some studies have provided a data about alginates
efficacy in treating GERD symptoms.'* It was found that alginates treatment provides
a significant reduction in GERQ-R score compared to those who were not given
alginates.'* Regurgitation incidence is also significantly reduced in the treatment group
compared to the control group.'* In another study, it was also found that alginate
reduce the number of vomiting / regurgitation in 24 hours petiod at 2 weeks of
treatment, although the mean frequency of episode didn’t differ significantly between
2 groups."” Safety on the use of short term alginates shows no significant side effects,
while long-term use of antacids may lead to increased aluminum plasma concentration
in infants. Antacid are contraindicated in children with renal impairment due to risk
of developing hypercalcemia, alkalosis, and renal failure.” However, the evidence for
these studies ranged from low to very low quality. Therefore, the use of antacids and
alginates is not recommended in infants and children with GERD.

Proton Pump Inhibitor and Histamine Receptor Antagonists

Several studies have evaluated the use of multiple proton pump inhibitors
(omeprazole, lansoprazole, esomeprazole and pantoprazole) for treating GERD
symptoms in pediatric patients.”'*"” No study has compared the efficacy between the
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PPIs mentioned. All studies in infant population showed that PPI did not fare better

than placebo when comparing the outcome (GERQ-Q score, crying/irritability,
regurgitation frequency). Several studies have assessed the use of H2RA for treating
GERD in pediatric patients. These agents include ranitidine, cimetidine and nizatidine.
Cimetidine has been shown to reduce regurgitation and vomiting after 4-8weeks of

20

therapy.” However, there are no evidence that suggests an improvement on the
symptoms experienced (crying / distress, heartburn, colic) over placebo. Two other
studies showed a reduced endoscopic and histologic evidence of esophagitis when
treating with H2RA.** When comparing PPI to H2RA, 2 studies has been done and
shows no significant difference in symptom severity (crying/distress, chest pain)
between groups. Endoscopic evidence also showed no difference between the 2

groups.”** (Table 4 and Table 5)

Although showing not enough evidence on the efficacy, it must be noted that most of
the studies are of low-quality evidence and the subject has not been explored
extensively enough. Experts opinions based on the adult literature recommends PPIs
as the first line therapy above H2RA due to better ability of reducing acid production.’

Table 4. Pediatric recommended dose for PPIs’

Drugs Recommended Dose Maximum Dose
Omeprazole 1-4 mg/kg/day 40 mg
Lansoprazole 2 mg/kg/day 30 mg
Esomeprazole 10 mg/day (<20kg BW) or 40 mg

20 mg/day (>20kg BW)
Pantoprazole 1-2 mg/kg/day 40 mg

Table 5. Pediatric recommended dose for H2RAs?

Drug Recommended Dose Maximum Dose
Ranitidine 5-10 mg/kg/day 300 mg
Cimetidine 30-40 mg/kg/day 800 mg
Nizatidine 10-20 mg/kg/day 300 mg
Famotidine 1 mg/kg/day 40 mg
Prokinetics

Cisapride, a serotonergic agent that facilitates the release of acethylcholine in the
myenteric plexus, is known to reduce the frequency of gastroesophageal reflux.
However, due to serious cardiac side effects, this drug has been withdrawn and should
only be used by strict in clinical trials with the supervision of a pediatric
gastroenterologist. There is not enough evidence for other prokinetics such as
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domperidone, metoclopramide, erythromycin, and azithromycin benefits when used
for treating GERD, all while exhibiting a worse adverse effect. Baclofen has been
shown to reduce the frequency of transient lower esophageal sphincter relaxation,
reduces acid reflux, and also accelerates gastric emptying.” This finding is consistent
with previous existing adult literature.” Baclofen side effects includes dyspeptic
symptoms, drowsiness, and dizziness. Baclofen can be considered as choice of

treatment before surgery when other pharmacological treatment has failed.

Surgical Treatment

Anti-reflux surgery was usually considered when all other options has failed to show
any progress on the patient. Fundoplication is done by wrapping the fundus of the
gaster around the esophagus. Fundoplication benefits GERD patient by increasing
the baseline of lower esophageal sphincter pressure and decreasing the number of
transient lower esophageal sphincter relaxation. Data from adult studies has shown an
approximately 95% patient satisfaction with chronic GERD with a curative rate of
85%-93% on all cases.”” A systematic review of pediatric literature, anti-reflux surgery
shows a good success rate (median of 86%) in terms symptoms relief.”® It is suggested
that anti reflux surgery may be considered in chronic pediatric GERD patients that
presents a life-threatening complication (e.g. recurrent pneumonia) which has failed
all other non-surgical treatment.’

Prognosis

Three studies follow up patient with chronic GERD from age 12 months to >5 years
and none develop Barrett’s esophagus at follow-up. Prognostic factors that may
contribute to worse outcome are age of onset <5 years and the need of PPI treatment
at the time of initial diagnosis.
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