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Abstract

BACKGROUND

Endoscopic balloon dilatation (EBD) has become the first line of therapy for
benign esophageal strictures (ESs); however, there are few publications about the
predictive factors for the outcomes of this treatment.

AIM
To assess the predictive factors for the outcomes of EBD treatment for strictures
after esophageal atresia (EA) repair.

METHODS

Children with anastomotic ES after thoracoscopic esophageal atresia repair
treated by EBD from January 2012 to December 2016 were included. All
procedures were performed under tracheal intubation and intravenous
anesthesia using a three-grade controlled radial expansion balloon with
gastroscopy. Outcomes were recorded and predictors of the outcomes were
analyzed.

RESULTS

A total of 64 patients were included in this analysis. The rates of response,
complications, and recurrence were 96.77%, 8.06%, and 2.33%, respectively. The
number of dilatation sessions and complications were significantly higher in
patients with a smaller stricture diameter (P = 0.013 and 0.023, respectively) and
with more than one stricture (P = 0.014 and 0.004, respectively). The length of the
stricture was significantly associated with complications of EBD (P = 0.001). A
longer interval between surgery and the first dilatation was related to more
sessions and a poorer response (P = 0.017 and 0.024, respectively).

CONCLUSION

The diameter, length, and number of strictures are the most important predictive
factors for the clinical outcomes of endoscopic balloon dilatation in pediatric ES.
The interval between surgery and the first EBD is another factor affecting

1080

March 14,2020 | Volume 26 | Issue10 |


https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v26.i10.1080
http://orcid.org/0000-0002-3002-4631
http://orcid.org/0000-0002-4982-9843
http://orcid.org/0000-0002-7754-5370
http://orcid.org/0000-0001-8259-7557
http://orcid.org/0000-0003-4808-3418
http://orcid.org/0000-0001-5559-633X
mailto:fwen62@163.com

published article.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http:/ /creativecommons.org/ licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: December 4, 2019
Peer-review started: December 4,
2019

First decision: December 30, 2019
Revised: January 10, 2020
Accepted: February 15, 2020

Article in press: February 15, 2020
Published online: March 14, 2020

P-Reviewer: Aydin M, Ciccone
MM, Gallo G, Kasirga E
S-Editor: Tang JZ

L-Editor: Wang TQ

E-Editor: Liu JH

Jaishidengs  WJG | https://www.wjgnet.com

Dai DL et al. EBD treatment in esophageal strictures

response and the number of sessions of dilatation.
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Core tip: In this study, we evaluated the safety, efficacy, and predictors of the outcome of
endoscopic balloon dilatation treatment for strictures after esophageal atresia repair. We
found that the diameter, length, and number of strictures were the most important
predictive factors for successful endoscopic balloon dilatation treatment for anastomotic
esophageal strictures. An earlier dilation after 4 wk of surgery contributed to a better
response and fewer dilation sessions.
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INTRODUCTION

Benign esophageal stricture (ES) is a problem that pediatric gastroenterologists often
encounter. ESs in children may develop from esophageal surgery and congenital
constriction or as a result of caustic injury and esophagitis caused by gastro-
esophageal refluxl. This condition can result in the clinical syndromes of persistent
nonbilious vomiting and dysphagia, and the most common clinical consequences are
malnutrition and failure to thrive in children.

Treatment for this condition is critical since it may cause high morbidity associated
with failure to thrive and high aspiration risks. The aim of treatment is to ease the
symptoms, improve the patient’s nutritional status, and prevent complications.
Recently, some studies reported the advantages and safety of balloon dilatation in the
treatment of benign ES in children?!. Balloon dilatation has been the first line of
therapy in the majority of patients”*! due to the high rate of success and low
complication and mortality rates’). With advances in endoscopic techniques,
endoscopic balloon dilatation (EBD) has recently become the first line of therapy for
benign ESs. The present study aimed to evaluate the response, safety, and factors
predicting the outcome of EBD treatment for ESs, by retrospectively examining the
records of pediatric patients who underwent the procedure.

MATERIALS AND METHODS

Patients

We had access to identifying information during and after data collection. The Ethics
Committee of Shenzhen Children’s Hospital approved the analysis (Register number:
SZCH [article] 2019(012)) and waived the need for informed consent. The study was
carried out in accordance with principles of the Declaration of Helsinki. The medical
records of 64 pediatric patients under 18 years of age who were treated by EBD for
anastomotic stricture after thoracoscopic esophageal atresia repair in Shenzhen
Children's Hospital from January 2012 to December 2016 were investigated
retrospectively.

All the patients were diagnosed with benign ES based on their detailed histories as
obtained from their parents, clinical presentation, physical examination, upper
gastrointestinal radiography, and endoscopic appearance. The diameter and length of
the strictures were determined according to an esophagogram. A dysphagia scoring
system was applied to assess the dysphagia and the scores scaled from 0 to 4: 0, no
dysphagia; 1, unable to swallow certain solids; 2, able to swallow soft foods; 3, able to
swallow only liquids; and 4, unable to swallow even liquids. Complete remission and
relief of symptoms or dysphagia score <1 were considered effective responses. The
follow-up time ranged from 36 mo to 60 mo. The demographic features, features of
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the strictures, and outcomes were recorded. The response, complication, and
recurrence rates were comparatively evaluated, and the risk factors were analyzed.

Endoscopic technique

After written consent was obtained from the children’s parents, endoscopy and
dilatation were performed under general anesthesia with endotracheal intubation.
First, a controlled radial expansion wire-guided balloon dilator (Boston Scientific,
Cork, Ireland) was introduced and positioned across the stricture under the direct
guidance of an endoscope (Olympus, Tokyo, Japan). Then, the balloon was inflated
with saline to achieve the desired pressure, which was maintained for 1 min. Two to
three three-minute multistep inflations with incremental size balloons were used in
each dilatation session. The length of the balloon is 5.5 cm, and the diameters range
from 6 mm to 18 mm. The balloon (Boston Scientific, Cork, Ireland. REF: M0058390,
MO0058400, M0058410, M0058420) was chosen according to the clinical condition of the
patient and endoscopic appearance of the stricture. A balloon with a minimum
inflated diameter 2 mm more than the stricture diameter was determined by clinical
assessment.

All patients were followed as outpatients after successful dilatation. The interval
between EBD sessions was 4-8 wk if symptoms of obstruction were present and
thereafter was decided mainly according to radiology or endoscopy evaluation.

The treatment effect was evaluated based on improvement of symptoms or
dysphagia score before the first dilation and after the final dilation. We defined failure
as no alteration of the diameter of the stricture to dilation. Non-effectiveness was
determined if the clinical symptom of dysphagia persisted until the tenth dilation.
Recurrence was considered if a relapse of symptoms occurred within 1 year after the
last procedure.

Statistical analysis

Statistical presentation and analyses were conducted using means, standard
deviations, Student’s f-test, and the chi-squared test by SPSS 19.0 (SPSS Inc., Chicago,
IL, United States). Student’s f-test was used for comparisons between groups; the chi-
square test was used to study the association between two variables or the
comparison between two independent groups with regard to the categorized data; if
there were two or more groups, the analysis of variance was applied. Spearman rank
order correlation analysis for nonparametric correlations was applied to test
correlations between variables. A probability of error (P value) < 0.05 was considered
statistically significant.

RESULTS

Demographic characteristics of the patients

Sixty-four children were diagnosed with ES in this study (median age, 5.45 mo;
female/male ratio, 30/34). The demographic and clinical characteristics of the patients
are given in Table 1.

Strictures

As shown in Table 1, most patients had a single stricture with a length of 2-5 cm. The
most frequently involved site was the lower third of the esophagus. Compared to the
diameter before the initial dilation, the diameter of the stricture was significantly
greater after the final session of EBD (P = 0.014). Figure 1 shows an esophageal
stricture in endoscopic view before and after dilation.

Outcomes of treatment

A total of 132 sessions were performed for the 64 patients, ranging from one to six
sessions per patient. Two cases failed and underwent surgery. Of the patients with
successful management, 96.77% had symptom remission. All the children with
effective treatment were fed a solid or semiliquid diet. Improvement in nutrition and
in failure to thrive was achieved. Relapse of symptoms occurred in two patients who
received additional treatment by renewed EBD and are currently under follow-up.
None of the patients died during the follow-up period after EBD. The outcomes of the
EBD procedure are presented in Table 2.

The most common complications in this study included esophageal perforation,
bleeding, infection, and severe gastroesophageal reflux. Multiple complications
occurred in two patients. One suffered perforation, aspiration, severe reflux
esophagitis, and infection, and the other suffered perforation and infection. All the
patients with complications healed under conservative treatment as follows:
Pharyngeal suction, parenteral nutrition, systematic intravenous antibiotherapy, and
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Table 1 Characteristics of enrolled patients and strictures

Characteristic Patients (n = 64), n (%)

Sex Male 34 (53.1)
Female 30 (46.9)

Age at surgery (h) Median 3.15 (2.89-6.17)

Body weight at operation (kg) Median 2.73 (1.62-3.55)

Post-repair complications Gastroesophageal reflux 31 (48.4)
Anastomotic leakage 8 (12.5)
Recurrent tracheoesophageal 3 (4.7)
fistula
Tracheomalacia 2(3.1)
Vocal cord paralysis 0(0)

Stricture length <2cm 14 (21.9)
2-5cm 42 (65.6)
>5cm 8 (12.5)

Number of strictures Single 58 (90.6)
Multiple 6(9.4)

Location of stricture Upper third esophageal 10 (15.6)
Middle third esophageal 24 (37.5)
Lower third esophageal 30 (46.9)

antireflux medications. The patients suffered severe gastroesophageal reflux requiring
treatment with omeprazole for antireflux and with domperidone as a dynamic drug
for 2 wk to 2 mo.

Factors predicting the outcomes of EBD

The predictive factors for the outcomes of EBD are summarized in Table 3. More
complications and sessions were seen in the patients with more than one stricture site
(P =0.010 and 0.003, respectively) and in patients with a smaller diameter of strictures
(P = 0.010 and 0.013, respectively). The length of the stricture was significantly
associated with complications of EBD (P = 0.001). Moreover, a longer interval between
surgery and the first EBD was related to more EBD sessions and a poorer response (P
= 0.000 and 0.019). The factors predicting outcomes of endoscopic balloon dilatation
treatment is shown in Table 4. The correlations between risk factors and outcomes in
patients with anastomotic esophageal strictures is shown in Table 5.

DISCUSSION

In this study, the majority of the 64 patients had one stricture. The success rate of EBD
(96.9%) in this study is higher than that reported in the literature!”. The number of
EBDs ranged from one to six sessions per patient (median: 2.19), which was much
lower than the median five sessions per patient reported by Cakmak". We speculated
that our overall high success rate and relatively fewer median EBD sessions were
partially due to the sufficient assessment and preparation before EBD, technical
considerations, and the optimal choice of balloon size.

The complication rate associated with EBD treatment of benign ES is approximately
13.2%"). The response rates have been reported to be between 16% and 80%!" "l
Recurrence was previously reported in 31.6% of patients after EBD treatment”.. In our
study, the complication rate was 8.06%. The effective response rate was 96.77%. Only
two patients developed recurrence and required renewed EBD. The results of this
study indicated that EBD was an effective alternative treatment with a low restenosis
rate for ES in children.

The success rate of EBD is reduced in cases of long-segment stenoses!"*'*l. The
greater the length of the stricture, the more times of EBD is needed!*. The
complication rate was as high as 37.5% in cases that had strictures longer than 5 cm®.
We found a significant impact of stricture length on complications in this study, but it
had no impact on success rate or the number of EBD sessions. The diameter and
number of strictures significantly affected the complications and the number of EBD
sessions, but did not affect the success rate, efficacy, or recurrence rate. More
complications and more sessions were seen in patients with multiple strictures
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Figure 1 An esophageal stricture in endoscopic view before and after dilation. A: Lumen tortuosity, deformation, and diverticulisation; B: Mucosal pallor
surrounding the inflated balloon; C: Laceration of the mucus observed through the balloon; D: Bleeding and laceration of the esophageal mucus.

and/or small strictures. It was considered that the lumen tortuosity, deformation, and
diverticulisation contributed to the adverse impact on endoscopic procedures and
resulted in more complications. Moreover, a substantially higher shear force was
necessary to achieve the same expected diameter using a small balloon than a larger
balloon, for example, a 10 atm force was needed to obtain a same diameter of 8 mm
when using a 6-7-8 mm balloon while only a 3 atm force was needed when using an 8-
9-10 mm balloon. More shearing force was exerted on the esophagus in patients with
small diameter strictures.

We further found that the key predictor of EBD sessions was the interval between
surgery and the first EBD. An early EBD was related to fewer EBD sessions. Similar to
the findings from some published studies on patients with caustic ESs, early EBD has
a positive impact on treatment success!"l.

EBD was suggested not to be performed more than twice in view of the failure of
treatment!'*"], increased risk of complications, and loss of time!“l. When the patients
were divided into two groups according to the number of EBD sessions (<2 and > 2),
patients with more than two EBD sessions did not have a significantly higher risk of
failure or complications compared to patients with two or fewer sessions in this study
(P > 0.05). Gender was not a risk factor for outcomes of EBD in patients with ES in this
study.

The shortcomings of our study include the relatively short follow-up period and
the small sample sizes of the subgroups.

In conclusion, this study indicated that the diameter and number of strictures are
the most crucial predictive factors for complications and the number of dilatation
sessions. Stricture length is the main risk factor for complications of EBD. An early
EBD after surgery is related to a better response and fewer EBD sessions.
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Table 2 Outcomes of endoscopic balloon dilatation

Outcome Results (n = 64)
Age at first EBD (mo) 5.45+0.31
Interval’ (mo) 5.43 +£0.29
Sessions 219+0.24
Follow-up (mo) 42.88 +14.30
Diameter (mm) Before first EBD 2.93 +0.37
After final EBD 10.05 +0.34
P value 0.014
Success Success 62 (96.9%)
Failure 2 (3.1%)
Complications Perforation 4 (6.45%)
Bleeding 2(3.23%)
Reflux esophagitis 1(1.61%)
Infection 1(1.61%)
Multiple 2(3.23%)
Total 5 (8.06%)
No complications 57 (91.9%)
Response Effective Remission 54 (87.10%)
Relief 6 (9.68%)
Total 60 (96.77 %)
Ineffective 2(3.23%)
Recurrence No relapse 58 (96.67%)
Relapse 2(3.33%)

Interval between first endoscopic balloon dilatation and surgery/ injury/symptom onset. EBD: Endoscopic balloon dilatation.

Table 3 Correlations between outcomes of endoscopic balloon dilatation and risk factors

Interval' (mo) Diameter before EBD (cm)
Outcome

r? P value r, P value
Complications 0.011 0.645 -0.406 0.023
Response -0.174 0.348 0.219 0.237
Recurrence 0.162 0.383 -0.150 0.421
Sessions 0.015 0.934 -0.271 0.013

Interval between first endoscopic balloon dilatation and surgery/injury/symptom onset.
2Rank correlation coefficient. EBD: Endoscopic balloon dilatation.
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Table 4 Factors predicting outcomes of endoscopic balloon dilatation treatment

Length Number of strictures Sessions
Out-
comes <2cm, 2-5cm, 25cm, Statistic P value Single, Multiple, Statistic P value <2,n= >2,n= Statistic P value
n=42 n=14 n=38 value n=58 n=6 value 46 18 value
Complic 0 2 3 = 0.001 2 3 OR =145 0.004 3 2 OR = 0.615
ations 13.025 0.587
(m)
Respon- 221+ 217+ -217+ F=1431 0313 218+ 215+ F=2178 0.180 221+ 219+  F=3211 0487
se 0.51 0.39 0.43 0.41 0.65 0.52 0.47
(score)
Recurr- 0 0 2 > =8.802 0.012 1 1 OR = 0.180 1 1 OR = 0.487
ence (1) 9.667 0.391
Sessions 1.95 + 257+ 275+  F=1729 0416 204+ 412+ F=6797 0.014
(mean+ 0.28 0.43 0.62 0.22 0.67
SD)

SD: Standard deviation; OR: Odds ratio.

Table 5 Correlations between risk factors and outcomes in patients with anastomotic esophageal strictures

Interval’ (mo) Sessions Length (cm) Diameter before EBD (cm)
Outcome

Coefficient P value Coefficient P value Coefficient P value Coefficient P value
Complications 0.324 0.587 0.006 0.858 0.616 0.031 0.724 0.012
Response -0.527 0.024 -0.019 0.672 -0.324 0.437 -0.319 0.346
Recurrence 0.162 0.453 0.135 0.446 0.255 0.615 0.151 0.627
Sessions 0.338 0.017 -0.312 0.411 0.612 0.031

!Interval between first endoscopic balloon dilatation and surgery/injury/symptom onset. EBD: Endoscopic balloon dilatation.

ARTICLE HIGHLIGHTS

Research background

Endoscopic balloon dilatation (EBD) has become the first line of therapy for benign esophageal
strictures (ESs); however, there are few studies on the predictive factors for outcomes of EBD
treatment for anastomotic strictures after esophageal atresia (EA) repair in pediatric patients.

Research motivation
We aimed to perform a retrospective cohort analysis to help choose the optimal time for EBD
treatment for anastomotic strictures after EA repair in pediatric patients.

Research objectives
Our analysis aimed to evaluate the response, safety, and predictive factors for the outcome of
EBD treatment for ESs.

Research methods

This is a monocentric retrospective cohort analysis. Patients treated by EBD for benign stricture
after thoracoscopic EA repair in Shenzhen Children's Hospital from January 2012 to December
2016 were included. The demographic features, characteristics of the strictures, and outcomes
were recorded. The response, complications, and recurrence rates were comparatively evaluated,
and the risk factors were analyzed.

Research results

The number of dilatation sessions and complications were significantly greater in patients with
smaller diameter strictures and with more than one stricture. The length of the stricture was
significantly associated with complications of EBD. A longer interval between surgery and the
first dilatation was related to more sessions and a poorer response.

Research conclusions

The diameter, length, and number of strictures are the most important factors for the clinical
outcomes of EBD in strictures after EA repair. The interval between surgery and the first EBD is
a key factor for response and the number of sessions of dilatation.
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Research perspectives
Future studies analyzing safety and factors for the outcome of EBD treatment should focus on a
comparison between strictures of different etiologies.
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