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ORIGINAL ARTICLE

Effectiveness of endoscopic balloon dilatation in grade 2a and 2b
esophageal burns in children

Hakan Taşkinlar , G€okhan Berktu�g Bahadir, Do�gakan Yi�git, Cankat Erdo�gan, Dinçer Avlan and Ali Nayci

Department of Pediatric Surgery, School of Medicine, Mersin University, Mersin, Turkey

ABSTRACT
Purpose: To evaluate the predictability of the initial endoscopic evaluation of the effectiveness
of endoscopic balloon dilatation (EBD) in childhood esophageal strictures caused by corrosive
ingestion.
Material and methods: Medical records of 635 endoscopies caused by corrosive ingestion
between January 2000 and December 2015 in children between the ages of 0 and 18 years were
retrospectively analyzed. Among them, five children with grade 2a and 15 with grade 2 b who
developed esophageal strictures were evaluated for the effectiveness of endoscopic balloon
dilatation.
Results: The stricture rate was 5/136 (3.6%) in grade 2a and 17/25 (68%) in grade 2 b esopha-
geal burns. Strictures with grade 2a burn had seven (1–10) EBD sessions, and grade 2b had 8.8
(1–30) EBD sessions. For grade 2a burns, the treatment period was 15months and 18.8months
for grade 2b burns. Three patients with grade 2b and two patients with grade 2a are still on
the EBD program.
Conclusion: Initial endoscopy for caustic ingestion and esophageal injury grading may help to
provide healthcare givers with information about future stricture formation and management.
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Introduction

Ingestion of corrosive substances is reported to be
increasing in developing countries unlike in modern
countries due to the lack of legislation, public aware-
ness and easy accessibility of corrosive substances.
Most serious injuries and chronic complications occur
as a consequence of esophageal injury. Despite unre-
markable symptoms or physical findings after inges-
tion, extensive tissue injury resulting in resistant
esophageal strictures may occur (1). Dysphagia associ-
ated with esophageal strictures may not only lead to
chronic malnutrition and related problems but also
to educational and psychosocial problems due to
repeated hospitalization of the affected children.
Additionally, this condition may become a public
health problem considering the economic and social
burden to the families and national health sources (2).

The formation of a stricture is mainly affected by
the depth of the esophageal injury. Upper gastrointes-
tinal endoscopy can be used to evaluate the initial
extent and degree of tissue injury and also for thera-
peutic purposes. Moreover, endoscopic esophageal
injury grading may provide information that can be
used to predict complications and facilitate clinical

decisions for patients who have ingested corrosive
substances (3). Different classification systems are
used for esophageal injury according to the endo-
scopic view of the esophageal mucosa to predict stric-
ture formation and clinical outcome. Although grade
1 injuries have good prognoses, grade 2 and grade 3
injuries may develop up to 15–90% stricture forma-
tion (2,4). Caustic agent related esophageal strictures
are more complex with longer, angulated, tortuous
and irregularly shaped esophagus. Hence, they are dif-
ficult to treat, show higher failure and complication
rates than other benign esophageal strictures.
Endoluminal dilatation therapy evolving from bou-
gienage with rigid and semi-rigid materials to
‘through-the-scope’ (TTS) balloon catheters for
esophageal strictures is the mainstay of the treatment
(5). Surgical procedures such as esophagectomy or
substitution with intestinal or gastric conduits are
reserved for patients unresponsive to repeated dilata-
tions due to long-term negative impact on the devel-
oping children. Although endoscopic balloon
dilatation (EBD) therapy has been a primary method
for treating benign esophageal strictures in adults
there are only limited studies focusing on strictures
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MINIMALLY INVASIVE THERAPY & ALLIED TECHNOLOGIES, 2017
VOL. 26, NO. 5, 300–306
http://dx.doi.org/10.1080/13645706.2017.1298621

� 2017 Society of Medical Innovation and Technology

http://orcid.org/0000-0002-9737-3270


caused by caustic agent ingestion in children.
Additionally, studies about the dilatation of strictures
with EBD include a combination of different etio-
logical factors such as congenital stenosis or webs of
the esophagus, stenosis or strictures after esophageal
atresia repair, achalasia or strictures due to gastroeso-
phageal reflux, which leads to variation in the effect-
iveness and safety of EBD (2,6–9).

The aim of this study was to evaluate the effective-
ness and safety of EBD in caustic ingestion related
esophageal strictures with initial endoscopic findings
of grade 2 (mild) esophageal burns.

Material and methods

A retrospective study was designed to review the med-
ical charts of 639 patients who were admitted to the
emergency department for caustic agent ingestion
from January 2000 to December 2015 after the
approval of the institutional review board.

All patients had early upper gastrointestinal endos-
copy within 48 h to the level of the first circumferen-
tial lesion and mucosal injury graded according to the
method of Zargar et al. (Table 1). No complication
occurred in the initial endoscopies, which may be
attributed to avoiding performing endoscopy for
hemodynamically unstable patients, in the presence of
radiological suspicion of esophageal or gastrointestinal
perforation or clinical signs of significant airway
edema/obstruction (10). During their follow-up
period, children with suspected symptoms of esopha-
geal obstruction such as dysphagia, intolerance to
swallow solids or liquids, regurgitation or emesis were
assessed with upper gastrointestinal intestinal series
with water-soluble contrast medium and/or endoscopy
to evaluate formation of the stricture. Among them
there were 20 children who developed esophageal
strictures after caustic ingestion and underwent the
endoscopic balloon dilatation (EBD) program.
Patients who had surgery or retrograde dilatations

were excluded from the study. Patients who had stric-
tures were then divided into two groups according to
their initial injury grade: grade 2a and grade 2 b. Age
at presentation, sex, ingested substance, location of
the stricture, number of strictures, number of dilata-
tions, treatment period, recurrence, complications,
failure (surgery after a minimum two-year period
with the EBD program) and follow-up period were
reviewed. If a patient had symptoms suggesting gas-
troesophageal reflux (GER) or when there were endo-
scopic signs of GER, 24-h pH monitoring was carried
out to assess the GER, and anti-reflux medical treat-
ment was initiated.

Technique of the balloon dilatation procedure

After obtaining informed consent from the parents or
legal caregivers of each patient all endoscopic proce-
dures were performed under general anesthesia with
endotracheal intubation to provide a safe airway and
all patients fasted for at least four hours to protect
against aspiration. EBD procedures were performed
under direct visualization via endoscopic view on a
video system without fluoroscopic guidance.

Initially a pediatric rigid endoscope (Karl Storz,
Tuttlingen, Germany) was introduced to the level of
the stricture to evaluate the diameter of the narrowed
lumen of the esophagus, which then would help to
assess the balloon catheter size. CRE (Control radial
expansion; Boston Scientific Corp., Microvasive, Cork,
Ireland) wire-guided 8 cm in length, 6–18mm in
diameter balloon catheters were used. After reaching
the stricture level, the balloon catheter was introduced
through the accessory channel of the endoscope and
advanced through the stricture area. In cases of too
narrow stricture sites, warm saline was injected to
identify the true esophageal lumen and if we were
unable to pass the tip of the catheter a hydrophilic
guide wire (RoadrunnerVR PC Wire Guide, CookVR ,
Limerick, Ireland) was used and advanced through
the lumen. A balloon dilatator was passed over the
hydrophilic guide wire. Under endoscopic visualiza-
tion the middle part of the balloon was kept just in
the narrowest part of the esophageal lumen. After cor-
rect positioning and stabilization of the catheter, the
balloon was inflated via a syringe pressure system;
Encore 26TM Inflation Device (Boston Scientific,
Tullamore, Ireland) gradually from 1 to 5 atm pres-
sures for 2–3minutes and then deflated. The proced-
ure was repeated twice until an effective balloon
dilatation session was obtained. For multiple stenosis,
stepwise dilatation was performed. We did not use
fluoroscopy to check for the disappearance of the

Table 1. Staging of esophageal injury according to the endo-
scopic view.
Stage Findings

Grade 0 Normal mucosa
Grade 1 (mucosal) Edema, hyperemia of mucosa
Grade 2 (transmucosal) Blisters, white in color membranes, hemor-

rhages, superficial erosions and exudates
Grade 2a linear ulcerations
Grade 2b With deep focal or circumferential

ulcerations
Grade 3 (transmural) Multiple ulceration and black-brown discolor-

ation of mucosa suggesting necrosis
Grade 3a Small scattered areas of ulceration and

necrosis
Grade 3b Extensive necrosis
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hourglass deformity in order to reduce the radiation
for the growing children in repeated balloon dilatation
sessions. After the removal of the catheter, the
esophagus was checked for bleeding, perforation or
widening of the narrowed area and the endoscope was
passed through the dilated esophagus. All patients
were followed up for signs of esophageal perforation
and mediastinitis and underwent chest X-ray to rule
out any perforation. They were allowed to feed orally
and were discharged home on the next day and anti-
biotics were not routinely used. Several dilatations
were performed every three weeks but individualized
according to the clinical signs of dysphagia or radio-
logical signs of stricture relieved. Treatment success
was defined as the clinical disappearance of dysphagia
for at least one year and failure was classified as the
need for operative intervention despite repeated dila-
tations. Recurrence was defined as occurrence of dys-
phagia symptoms after one year.

Results

From January 2000 to December 2015, a total of 635
endoscopic evaluations were performed on 639 chil-
dren admitted to our department after the ingestion
of caustic substances. We did not perform endoscopy
in four patients with clinical findings of severe stridor
and airway/epiglottis edema. The male to female ratio
was 1.6:1. The ages ranged from 10 months to
15 years (median 48months). Except for one of the
affected adolescents who ingested to commit suicide,
all the children were reported to have ingested the
caustic agent accidentally. The characteristics of
patients and EBD treatment are summarized in
Table 2. Among 635 endoscopies, the caustic

substance was unknown in 149 (23.4%), acidic agent
in 138 (21.7%) and alkaline in 348 cases (54.8%).

Endoscopic grading of the patients is summarized
in Table 3. No complication was encountered during
the initial endoscopies of the patients. During their
follow-up period, no stricture occurred in grade 0 and
grade 1 patients. However, five patients (3.6%) with
grade 2a and 17 patients (68%) from the group 2 b
had esophageal strictures. A total of 470 patients with
grade 0 and 1 esophagitis were fed orally and dis-
charged within 24 h after endoscopy. Five patients
from the grade 2a group and 17 patients from the
grade 2 b group developed strictures and required bal-
loon dilatations. Two patients with esophageal stric-
ture from the grade 2 b group were lost to follow-up.
A total of 20 patients requiring 149 EBD sessions
were enrolled in this study (Figure 1).

The locations of the strictures were as follows:
three upper, two lower with grade 2a and 11 upper,
six middle and one lower with grade 2 b burns. The
alkaline/acid ingestion ratio was 1:4 and 8:7 in grade
2a and grade 2 b burns, respectively. The mean num-
ber of dilatations was seven in grade 2a and 8.8 in
grade 2 b burns. The treatment and follow-up period
was 15 and 42.4months in grade 2a and 18.3 and
44months in grade 2 b, respectively. The ingested sub-
stance, stricture locations, the average number of

Table 2. Characteristics of patients and EBD treatment.

Patient no.
Age

(months) Grade
Corrosive
agent

Location of
stricture

The number
of EBD

Treatment
period (months)

Follow up
period (months)

Result/
achievement

1 48 2a Alkaline Upper 10 36 132 Recovery
2 72 2a Acids Upper 10 17 29 Recovery
3 36 2a Acids Lower 8 8 28 Recovery
4 72 2a Acids Upper 6 8 9 Continues
5 180 2a Alkaline Lower 1 1 14 Recovery
6 54 2b Acids Upper 13 18 74 Recovery
7 36 2b Alkaline Upper, middle 30 39 168 Recovery
8 10 2b Acids Upper 2 3 4 Recovery
9 60 2b Acids Lower 3 9 12 Recovery
10 60 2b Acids Upper 15 47 37 Recovery
11 60 2b Acids Middle 11 33 72 Recovery
12 24 2b Acids Upper, middle 4 23 50 Recovery
13 24 2b Acids Upper 3 6 11 Recovery
14 36 2b Acids Middle 9 19 20 Recovery
15 60 2b Alkaline Upper, middle 19 48 60 Recovery
16 12 2b Alkaline Middle 8 8 58 Recovery
17 24 2b Alkaline Upper 1 2 3 Continues
18 24 2b Alkaline Upper 4 6 48 Continues
19 24 2b Alkaline Upper 7 9 9 Continues
20 48 2b Alkaline Upper 4 5 36 Continues

Table 3. Endoscopic grading of the patients.
Endoscopic grading n (%)

Grade 0 167 (26.29)
Grade 1 303 (47.71)
Grade 2a 136 (21.41)
Grade 2b 25 (3.93)
Grade 3 4 (0.62)
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EBD, the mean treatment period and the mean fol-
low-up period are shown in Table 4. All EBDs were
performed successfully and there was no major com-
plication including esophageal perforation, pneumo-
thorax, pneumomediastinum or subcutaneous
emphysema in all patients. The EBD dilatation pro-
gram is ongoing in four patients from the grade 2 b
group and in one patient from the grade 2a group.
One stricture recurrence occurred in grade 2 b
patients with alkaline ingestion after 14months.

Discussion

Esophageal stricture caused by ingestion of corrosive
substances is a serious health problem mostly affecting
toddlers. Initial endoscopic evaluation can provide
information about the definite diagnosis and the
severity of the esophageal injury. Esophageal strictures
may occur in grade 2a and 2 b esophageal injuries.
Patients will require more dilatation sessions and a
longer treatment period as the initial grade increases;
however, they can be treated with endoscopic balloon
dilatation effectively and safely.

Caustic esophageal injuries vary depending on the
amount, the composition, the concentration of the
ingested corrosive substance, the state of the substance
(liquid, granular, paste, solid), and the state of gastric
fullness (possible self-buffering by food). Two to four
weeks after ingestion, remodeling of collagen depos-
ition produces a scar formation which may thicken
and contract the esophagus resulting in gastro-esopha-
geal reflux, dysmotility and esophageal stricture.
Among these long-term complications, esophageal
stricture is the most serious because the necessity of
long-term dilatation therapy with the need for
repeated hospitalization and nutritional problems
affects the quality of life of children and their care-
givers (2,3,11).

Initial endoscopy is recommended for the definite
diagnosis and evaluation of the extent of the injury to
predict the morbidity and mortality following a sui-
cidal attempt in adults and teens, but it is reported to

Figure 1. Endoscopy results with grading and management.

Table 4. The ingested substance, stricture locations, the aver-
age number of EBD, the mean treatment period and the
mean follow-up period.

Grade 2a Grade 2b

Patient number 5 15
Boys/Girls 2/3 12/3
Age (month)

Mean 81.6 37
Range 36–180 10–60

Corrosive agent
Alkaline 1 8
Acids 4 7

Location of stricture
Upper 3 11
Middle 0 6
Lower 2 1

No. of dilatation
Mean 7 8.8
Range 1–10 1–30

Treatment period (month)
Mean 15 18.3
Range 1–36 2–39

Follow up period (month)
Mean 42.4 44
Range 9–132 3–168
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be questionable for accidental ingestion with small
amounts of corrosive substance in children (12,13).
However, initial endoscopy is crucial in children due
to inaccurate correlation between physical signs and
symptoms and the depth of the esophageal burn is
the main predictor of stricture formation. In this
study, all ingestions were reported to be accidental
except for one patient, a 15-year-old-girl. The mean
age was 48months and the boy to girl ratio was 1.6:1.
Literature findings were similar with a male/female
ratio of 1.2:1 and a mean age of 36.2months (14).
The high incidence of caustic ingestion in early child-
hood may be explained by several factors including
the increased mobility of the children in the oral
period of life and using the oral route to explore the
environment, lack of parenteral care-giving and also
keeping the cleaning substances where children can
easily reach them in the household. Another point for
our country is marketing caustic substances in bever-
age bottles without any labels or safety locks, particu-
larly in rural areas, which may be highly attractive for
this age group of children.

In this study, 635 endoscopies were performed for
evaluation of caustic agent ingestion related injury.
The overall esophageal stricture formation was 4.5%.
The incidence of pediatric esophageal strictures is
reported to be 2–90% according to the grade of injury
(4,15,16). The accident of caustic substance ingestion
usually occurs unintentionally within a very short
time without certainty of ingestion in children. The
low incidence of stricture formation in this series may
be due to performing endoscopy to all suspected chil-
dren. Among 136 grade 2a burns five (3.6%) patients
and among 25 grade 2 b burns 17 (68%) patients
developed strictures and required endoscopic balloon
dilatations. Although there is no study indicating any
stricture formation of grade 2a burns it is reported to
be 15–32 in grade 2 (32% in grade 2 b) and 75–90%
in grade 3 esophageal burns (2,4). Gastrostomy and
retrograde dilatations are performed for grade 3 and
more severe esophageal burns because severe caustic
agents are reported to be unresponsive to dilatations.
Because of the increased risk of injury, esophagoscopy
is not recommended in patients with evidence of
esophageal or gastrointestinal perforation, significant
airway edema and in those who are hemodynamically
unstable. In this series, we did not perform initial
endoscopy in four patients with severe airway edema
and unstable hemodynamic conditions.

Although many kinds of substances cause caustic
injury, the most common agent is alkaline substance
such as sodium hydroxide or potassium hydroxide,

used in household detergents and leaching ashes.
Highly acidic substances, such as acetic acid, hydro-
chloric acid, sulfuric acid, and phosphoric acid, are
used frequently to remove rust in bathrooms and for
establishing pickles in our region. Acids have low vis-
cosity which causes rapid transit to the stomach. It is
known that acids and alkalis produce different types
of tissue damage. Acids cause coagulation necrosis,
with eschar formation that may limit substance pene-
tration and injury depth. Conversely, alkalis combine
with tissue proteins and cause liquefactive necrosis
and saponification, and penetrate deeper into tissues,
helped by a higher viscosity and a longer contact time
through the esophagus (17,18). In this study, alkaline
ingestion was 54.8%, acidic ingestion was 21.7% and
unknown in 23.4%. Among 2a burns, the acid/alkaline
ratio was 4:1 and among grade 2 b burns the acid/
alkaline ratio was 8:7. Children often tend to drink a
larger amount of alkaline because alkalis are usually
odorless and tasteless; however, acidic substances have
a sour taste which makes children spit them out. In
this series, most of the children had upper esophageal
strictures. The mostly affected part of the esophagus
is reported to be the proximal and middle part of the
esophagus due to natural narrowing of the esophagus.
In grade 2a burns three patients had upper and one
patient had lower strictures. In grade 2 b burns 11
had upper and six had middle esophageal strictures.
Uygun et al. reported that 22% of their series had
upper and 62% had middle esophageal strictures (19).

EBD was first used in children with anastomotic
strictures seen after esophageal repair. But there are
increasing reports that endoluminal balloon dilatation
can be used safely in corrosive induced strictures,
whereas some reveal that complications are more fre-
quent in corrosive induced strictures compared with
anastomotic strictures and the failure rate after pneu-
matic dilatation is higher in caustic ingestion-related
strictures than in other benign strictures (20–23). The
choice of dilator and technique depends on many fac-
tors, the most important being stricture characteris-
tics. It is also based on other factors, including patient
tolerance, operator preference, and experience. It is
reported that dilation therapy should be tailored indi-
vidually (24). There is no standardized protocol for
technical details of endoscopic balloon dilatation by
means of fluoroscopic or endoscopic guidance, size/
diameter of the catheter, time for inflation, increasing
the diameter in each session, maximum pressure or
the frequency of dilatation (16,25). Endoscopic bal-
loon dilatation has the advantage of radial shearing
force as compared to the longitudinal shearing force
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of bougienage that reduces the perforation of the
esophagus with a high success rate of 76–100%
(22,23). The success of dilatation therapy is reported
to be different according to ‘technical or clinical
success’. The relief of dysphagia one year after the last
session of dilatation is reported to be a success. In the
literature, the success rate differs from 14–100%,
which may be attributed to the definition of success
(26). In this study, we performed balloon dilatation
under endoscopic visualization of the esophagus,
which led us to find the correct lumen in inserting
the tip of catheter and even in cases of too narrow
strictures we used warm saline to identify the correct
lumen and then passed a hydrophylic guide-wire
which led us to find the correct path and advanced
the balloon catheter over hydrophilic wire without
any perforation in the esophagus. The esophageal dila-
tation can be performed either endoscopically or fluo-
roscopically, both were reported to have high success
rates and low complication rates. Although EBD with
fluoroscopic guidance allows the operator to see the
widening of the waist of the balloon, in multiple dila-
tations under radiation, harmful effects of radiation to
growing children should be considered.

In this study, we defined success as the relief of
dysphagia and eating solid food without interruption
while swallowing. The success rate of balloon dilata-
tion was 100% but four patients are still on the dilata-
tion program. The high success rate may be due to
low initial low-grade injury with short size of stric-
tures. It is reported that strictures that are long and
secondary to corrosive ingestion seemed to require
more dilatation sessions (16,19,22). Additionally, it
has been shown that the diameter of the stricture at
the beginning of each procedure is important for the
success of the EBD program. Cases of too narrow
esophageal strictures, where hydrophilic guides where
used to insert the balloon catheters, were much more
resistant to the EBD program. In this series, the mean
number of dilatation was seven times [1–10] for grade
2a burns and 8.8 times [1–30] for grade 2 b burns.
The treatment period was 15months for grade 2a
burns and 18.3months for grade 2 b burns. Some
authors reported that dilatation should be avoided
after 7–21 days after ingestion due to the risk of per-
foration, tough early prophylactic dilatation from 5 to
15 days after caustic ingestion should be performed.
The interval between dilatations for sufficient results
is reported to be less than one to two to three weeks;
however, it was preferred to perform EBD every two
and three weeks until clinical relief of dysphagia while
swallowing solid foods in this series due to decreased
risk of esophageal perforation (18,21).

Esophageal perforation is one of the important
early complications after EBD. However, the perfor-
ation rate differs according to the primary cause of
stricture and is reported to be higher in corrosive sub-
stance induced esophageal strictures. Caustic agent
related strictures are longer, requiring more dilatation
sessions than anastomotic strictures. It is also known
that radiologically intramural or transmural ruptures
occur in 30% of balloon dilatation procedures (27).
The esophageal perforation rate is reported to be
0–32.0% after balloon dilatation of caustic agent
related strictures (8,12,28). Endoscopically placed bal-
loon catheters have the advantage of circumferentially
shearing force to the stricture area with the operator
controlled gradual dilatation. In this series, the perfor-
ation rate was 0%, which may be attributed to obey-
ing some suggestions to prevent the risk of
perforation such as ‘rule of 3’ or selecting the catheter
size according to the thump of children or not
increasing the diameter of balloon more than 1mm in
each session (20,23,24).

Conclusions

Initial endoscopy for caustic ingestion and esophageal
injury grading may give information about future
stricture formation and management for healthcare
givers. Parents can be informed particularly for grade
2 b esophageal burns which will develop more stric-
ture formation and require more dilatation sessions.
However, corrosive injuries complicated with esopha-
geal strictures can be effectively and safely treated by
EBD.
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