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Abstract
Introduction Endoscopic dilation is the preferred management strategy for caustic esophageal strictures (CES). However, the 
differences in outcome for different dilators are not clear. We compared the outcome of CES using bougie and balloon dilators.
Methods Between January 2000 and December 2016, the following data of all the patients with CES were collected: demo-
graphic parameters, substance ingestion, number of strictures, number of dilations required to achieve ≥ 14 mm dilation, 
post-dilation recurrence, and total dilations. Patients were divided into two groups for the type of dilator, i.e., bougie or 
balloon. The two groups were compared for baseline parameter, technical success, short- and long-term clinical success, 
refractory strictures, recurrence rates, and major complications.
Results Of the 189 patients (mean age 32.17 ± 12.12 years) studied, 119 (62.9%) were males. 122 (64.5%) patients under-
went bougie dilation and 67 (35.5%) received balloon dilation. Technical success (90.1% vs. 68.7%, p < 0.001), short-term 
clinical success (65.6% vs. 46.3%, p value 0.01), and long-term clinical success (86.9% vs. 64.2%, p < 0.01) were higher for 
bougie dilators compared to balloon dilators. Twenty-four (12.7%) patients developed adverse events which were similar 
for two groups. On multivariate analysis, use of bougie dilators (aOR 4.868, 95% CI 1.027–23.079), short-term clinical 
success (aOR 5.785, 95% CI 1.203–27.825), and refractory strictures (aOR 0.151, 95% CI 0.033–0.690) were independent 
predictors of long-term clinical success.
Conclusion Use of bougie dilators is associated with better clinical success in patients with CES compared to balloon dila-
tors with similar rates of adverse events.

Keywords Esophagus · Benign stricture · Corrosive stricture · Esophageal dilation · Savary Gilliard · Balloon dilation

Caustic ingestion is a major public health problem through-
out the world, especially in the developing countries [1–3]. 

While the incidence of caustic ingestion in the western 
world is declining, data from the developing countries are 
still scarce [3]. Initial management includes resuscitation 
and nutritional support. Early esophagogastroduodenoscopy 
(EGD), within 24 to 48 h of ingestion, has been an important 
measure to assess the extent and severity of mucosal injury 
[4, 5]. Endoscopic grading of injury helps in triaging the 
patients for early discharge as well as predicting the develop-
ment of long-term complication of cicatrisation [4].

Various strategies are suggested to prevent stricture for-
mation including systemic corticosteroids, proton pump 
inhibitors, nasoduodenal tube placement, endoluminal stent-
ing, or early bougie dilation [6–9]. However, none of these 
are unequivocal in preventing stricture formation. Symp-
tomatic esophageal stricture develops in 70–100% of the 
patients with high-grade injury, i.e., Zargar grade 2b and 
3 [4]. Stricture formation is a late sequela of caustic injury 
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and develops after 2 to 3 weeks of ingestion [10]. Strictures 
once formed are either subjected to endoscopic dilation or 
undergo surgical resection or bypass. Endoscopic dilation 
is the initial preferred strategy for such strictures. The clini-
cal success of endoscopic dilation varies from 46 to 100% 
[11–14]. These differences in successful outcome are par-
tially accounted for by the different timing of starting of 
dilation, use of different dilators (bougie or balloon), differ-
ent intervals between successive dilations, use of adjunctive 
local therapies, and different definitions of end-points.

Use of specific dilators for stricture dilation depends 
on the complexity of stricture as well as operators’ pref-
erence. Early studies had used bougie dilators while most 
endoscopists in recent times prefer through-the-scope bal-
loon dilators for stricture dilation. However, no compara-
tive data are available for the efficacy of these dilators in 
caustic esophageal strictures (CES). Therefore, the present 
study was aimed at analyzing our data for patients with CES 
to compare the efficacy and safety of bougie and balloon 
dilators.

Methods

This study was a retrospective analysis of prospectively col-
lected data of patients with CES between January 2000 and 
December 2016. The study was approved by the institute’s 
ethics committee. The study population included all the 
patients with esophageal strictures who fulfilled the follow-
ing criteria: (a) esophageal stricture documented on endos-
copy and esophagography, (b) esophageal stricture second-
ary to caustic injury, with or without gastric involvement, 
and (c) strictures dilated with either bougie or through-the-
scope (TTS) balloon dilators, but not both. Excluded were 
patients with strictures ≥ 6 cm in length, patients with con-
comitant cicatrized stomach with inadequate gastric capacity 
precluding endoscopic assessment and dilation, incomplete 
clinical details, history of prior endoscopic dilation or surgi-
cal intervention for CES, or directly referred to surgery for 
CES management.

Data collection

Clinical data were collected including demographic pro-
file, type of caustic substance ingested, intention of inges-
tion, as well as time elapsed before presentation. Number 
of esophageal strictures and presence of gastric strictures 
were also recorded. Esophageal strictures were either 
dilated with Savary Gilliard (SG) bougie dilators (Cook 
Medical Inc., Winston Salem, NC, USA) or through-the-
scope balloon (Controlled Radial Expansion, CRE, Boston 
Scientific Corp, Marlborough, MA USA) dilators. We used 
esophageal fixed wire-guided TTS CRE balloons (Boston 

Scientific Corp, Marlborough, MA USA) for stricture dila-
tion. Length of the balloon was 8 cm and diameter was vari-
able from 6 to 15 mm. When fluoroscopy was required for 
strictures which were not easily negotiable with a balloon, 
wire-guided TTS CRE balloons (balloon length 5.5 cm and 
diameter 6–15 mm) from the same manufacturer were used. 
Data collected for dilation included starting and ending 
diameter of first dilation, number of dilations required to 
achieve ≥ 14 mm dilation, post-dilation recurrence, and total 
number of dilations.

All the included patients were categorized into two 
groups based on the type of dilator used. Group 1 consisted 
of patients who were dilated with SG bougie dilators and 
Group 2 included those who underwent dilation using TTS 
balloon dilators. The two groups were compared for base-
line parameters including age, gender, months elapsed after 
ingestion, and number of CES.

Outcomes

Outcome parameters compared were technical success, 
short- and long-term clinical success, mean number of dila-
tions required to achieve technical (diameter ≥ 14 m) suc-
cess, total number of dilations, proportion of refractory 
strictures, recurrence rates after short-term clinical success 
and major complicate rates.

Dilation technique

Dilations were performed using SG bougie or TTS balloon 
dilators by one of the two expert endoscopists (RK and 
SKS). All the dilations were performed after an informed 
consent under conscious sedation using intravenous mida-
zolam (0.025–0.1 mg/kg, Fulsed, Ranbaxy, Mumbai, India) 
and tramadol (50–100 mg, Contramal, Abbott India Lim-
ited, Mumbai, India). Prior to starting dilation, a detailed 
contrast study using barium sulfate (100% weight/volume) 
was done to look for the length, severity, and complexity 
of the strictures. Prior to 2005, all the CES were dilated 
with bougie dilators. After the availability of new generation 
TTS balloon dilators, the use of bougie or balloon dilator 
was decided by the complexity of strictures, residual gastric 
capacity to allow bougie dilators, and the operator’s prefer-
ence. Balloon dilators were preferred when distal anatomy 
beyond the stricture was not clear, stomach capacity was 
significantly reduced, or multiple esophageal strictures with 
variable luminal diameters were present. Bougie dilators 
were preferred when the stricture was single but angulated, 
when patients had multiple strictures with comparable lumi-
nal diameter and adequate stomach capacity to accommodate 
the tapered end of bougie dilator.
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For bougie dilation, a steel guidewire with spring tip was 
placed across the esophageal stricture under endoscopic 
guidance. Over the guidewire, the chosen bougie was passed 
at least 5–10 cm beyond the stricture, excluding the tapered 
end. For balloon dilation, the TTS balloon was passed across 
the stricture under endoscopic vision. Balloon was posi-
tioned in a way that stricture lay between the ends of the 
balloon. Balloon was inflated using water with the Alliance 
inflation device (Boston Scientific Corp, Marlborough, MA, 
USA). Balloon was kept inflated at each diameter for 1 min. 
Pressures for dilation were as per the manufacturer’s instruc-
tions. Fluoroscopy was used for difficult strictures, when the 
spring tip guidewire or the balloon dilator would not pass 
freely across the stricture. In multiple and tortuous strictures, 
wire-guided balloons were preferred. The size of the initial 
dilator used was determined by the diameter of stricture on a 
contrast radiograph. In patients with associated symptomatic 
gastric cicatrization, gastric dilation was started once esoph-
ageal stricture was dilated till 12 mm and endoscope was 
negotiable into the stomach. Gastric strictures were dilated 
with TTS wire-guided balloon dilators, irrespective of the 
type of dilator used for esophageal strictures. Esophageal 
dilations were performed at 2–3 weekly intervals with an 
aim to achieve dilation of ≥ 14 mm.

Adjunctive treatment included the use of triamcinolone 
or mitomycin as described earlier at the stricture site [15], 
or self-expanding plastic stents (SEPS) or self-expanding 
metallic stent (SEMS) placement for refractory esopha-
geal strictures. The timing and type of adjunctive treatment 
for the refractory stricture was as per the endoscopist’s 
preference.

After each session of stricture dilation, patients were 
observed for 4–6 h for any warning symptoms or signs 
(severe persistent chest pain, dyspnea, hemodynamic insta-
bility,.and subcutaneous emphysema over neck/chest). If a 
patient had any warning symptoms or signs during the obser-
vation period or when the endoscopist had clinical suspicion 
of perforation during dilation, a contrast-enhanced computed 
tomography (CT) with oral contrast was performed. When 
the dilation was uneventful and no warning symptoms or 
signs were observed, patients were discharged after 6 h with 
instruction to report to emergency when required.

Definitions

Technical success was defined as the ability to achieve a 
diameter of ≥ 14 mm [16–19]. Clinical success was iden-
tified as short- and long-term clinical success. Short-term 
clinical success was defined as the absence of dysphagia 
at 1 month after achieving a diameter of ≥ 14 mm. Long-
term clinical success was defined as the ability to maintain 
normal weight with ability to swallow solid without requir-
ing further dilation for 12 months after the last dilation. A 

refractory stricture was defined as failure to achieve suc-
cessful dilation up to a 14-mm diameter after five sessions 
performed every 2–3 weeks [20]. Recurrence was defined 
as occurrence of symptoms with endoscopic evidence of 
stricture after initial short-term clinical success.

Adverse events were defined as per the American Soci-
ety of Gastrointestinal Endoscopy (ASGE) definitions [21]. 
Adverse events were identified as (a) perforation—full thick-
ness breach in esophageal wall continuity after dilation of 
the stricture, (2) bleeding—post-dilation bleeding in the 
form of hematemesis and/or melena with a hemoglobin drop 
of ≥ 2 g/dL, and (3) others adverse events. Other adverse 
events included any form of complication requiring hospi-
talization or prolongation of admission by > 24 h or ICU 
admission. Adverse events were also categorized as early 
or late. Early adverse events were defined as adverse events 
which developed before achieving a diameter of ≥ 14 mm 
while late adverse events developed on re-dilations after 
achieving a diameter of ≥ 14 mm.

Statistical analysis

All the collected data were entered in the Microsoft Excel 
2019 spreadsheet and SPSS version 28.0.1.1 (IBM, Armonk, 
New York, USA) was used to analyze the data. Continu-
ous variables were presented as mean (standard deviation, 
SD) or median (interquartile range, IQR) and proportions 
were expressed as percentages. The means among the two 
groups were compared using independent sample t test for 
normally distributed variables and Mann–Whitney U test for 
non-normally distributed data. For categorical variables, χ2 
test/Fisher exact F test with correction were used. Univariate 
analysis was done to find significant variables for long-term 
clinical success. Using significant variables on univariate 
analysis, multivariate analysis was done to identify predic-
tors of long-term clinical success. The results were presented 
as unadjusted and adjusted Odds ratios (ORs) with 95% con-
fidence intervals (CIs). A two-sided p value less than 0.05 
was considered statistically significant.

Results

Between January 2000 and December 2016, among 391 
patients with CES, 189 patients were included in the present 
study (Fig. 1). Excluded patients had dilation with both the 
type of dilators (n = 86), incomplete data or lost to follow-
up (n = 64), those who underwent surgery for > 6 cm long 
stricture (n = 47) and history of previous dilation elsewhere 
(n = 5). The median duration of presentation after caustic 
ingestion was 3 months (IQR 2–6.3 months). The caustic 
substance ingested was an acid in 140 (74.1%) patients and 
an alkali in 26 (13.8%). 23 (13.2%) patients ingested other 
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substances or the nature of caustic was not known. Single 
esophageal strictures were identified in 137 (72.9%) patients 
while 52 (26.6%) patients had multiple strictures. Table 1 
gives the characteristics of the included patients.

Overall, 155 (82%) patients achieved technical success 
and 149 (78.8%) achieved long-term clinical success with 
endoscopic dilation in the present cohort (Figs. 2, 3). 40 
(21.2%) patients underwent surgery after failed endoscopic 
dilation or complications. Indications of surgery were fail-
ure to achieve long-term clinical success after endoscopic 
dilations (n = 26) and post-dilation complications (n = 14).

Patients were divided into two groups based on the type 
of dilator used for stricture dilation. 122 (64.5%) patients 
underwent stricture dilation using bougie dilators while 67 
(35.5%) underwent TTS balloon dilation. The mean age and 
gender distribution were comparable among the two groups 
(Table 2). Patients who underwent balloon dilation had a 
higher number of multiple esophageal strictures compared 
to bougie dilators (41.8% vs. 19%, p < 0.01).

Technical and clinical success

Technical success was higher among the patients dilated 
with bougie dilators than balloon dilators (90.1% vs. 68.7%, 
p < 0.001). Short-term clinical success was also significantly 
more with bougie dilators (65.6% vs. 46.3%, p = 0.01). 
Recurrence of dysphagia after initial short-term clinical 
success was more with balloon dilators than bougie dila-
tors, however, statistically non-significant (67.7% vs. 56.3%, 
p = 0.269).

After initial dilation, long-term clinical success was 
achieved only in 45 (23.8%) patients, which was higher 
with bougie dilators than balloon dilators (28.7% vs. 14.9%, 
p = 0.034). 25 patients underwent surgery after failed initial 
dilation or dilation-related adverse events. The remaining 
119 patients underwent re-dilation, 79 in the bougie dilator 
group and 40 in the balloon dilator group. After subsequent 
sessions of re-dilation (with or without use of adjunctive 
therapy), 104 patients of 119 showed long-term clinical 
improvement in dysphagia. After re-dilation, additional 
long-term clinical success was similar for both the types of 
dilators, bougie (71/79, 89.87%) vs. balloon (33/40 82.5%), 
p = 0.25. Overall, long-term clinical success was more with 
bougie dilators compared to balloon dilators (86.9% vs. 
64.2%, p < 0.01).

Predictors of long‑term successful outcome

All the available parameters were assessed for predicting 
long-term success of endoscopic dilation in CES. Among 
189 patients, 149 patients had successful long-term outcome, 
while 40 patients underwent surgery. On univariate analysis, 
long-term clinical success group had higher number of sin-
gle strictures, more technical success and short-term clinical 
success, higher use of bougie dilators and adjunctive ther-
apy, and a lesser number of refractory strictures compared 
to failed group (Supplementary Table 1).

Multivariate analysis was done using significant param-
eters on univariate analysis, to assess the predictors of 
successful long-term outcome. Use of bougie dilators 

Fig. 1  The outcome of comparative analysis of bougie and balloon dilators in caustic esophageal strictures
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(OR 5.251, 95% CI 1.155–23.872, aOR 4.868, 95% CI 
1.027–23.079) and short-term clinical success (OR 5.517, 
95% CI 1.332–22.840, aOR 5.785, 95% CI 1.203–27.825) 
were independent positive predictors of successful long-
term outcome while refractory stricture (OR 0.149, 95% CI 
0.034–0.646, aOR 0.151, 95% CI 0.033–0.690) was an inde-
pendent negative predictor of successful long-term outcome 
(Table 3).

Adverse events

Twenty-four (12.7%) patients developed adverse events dur-
ing the endoscopic dilation therapy. Overall, early and late 
adverse event rates were comparable with both the types of 
dilators (Table 4). In the present cohort, 21 (11.1%) patients 
developed esophageal perforation of which nine were man-
aged conservatively and 12 underwent surgery. Among 
the nine patients of perforation managed conservatively, 
two underwent clip closure, one required self-expanding 
metallic stent, while the other six were managed with nil 
per orally and intravenous antibiotics. All patients managed 
conservatively were started on esophageal re-dilation after 
3–4 weeks.

Other adverse events were massive bleeding in two 
patients and vasovagal cardiac arrest in one patient. Bleed-
ing developed in both the patients after bougie dilation (with 
a 14 mm bougie) while cardiac arrest developed in a patient 
with balloon dilation with a 12 mm balloon. One patient 
with bleeding was managed conservatively while another 
required surgery. Patient with vasovagal cardiac arrest was 
revived and underwent surgery for CES without further ses-
sions of dilation.

Overall, 14 patients underwent surgery for dilation related 
complications. Of these, one patient developed anastomotic 
leak post surgery and died secondary to sepsis.

Table 1  Baselines parameters of the included patients with caustic 
esophageal strictures

Parameters Patients (%)

Age (years), mean ± SD 32.17 ± 12.128
Male:Female 119:70
Timing of first dilation after caustic ingestion (months)
 Mean ± SD 17.286 ± 56.6
 Median (IQR) 3 (2–6.3)

Type of substance ingested
 Acid 140 (74.1%)
 Alkali 26 (13.8%)
 Others 12 (6.3%)
 Unknown 11 (5.8%)

Intention of ingestion
 Accidental 71 (37.6)
 Under effect of alcohol 14 (7.4%)
 Without alcohol 57 (30.2%)
 Suicidal 32 (16.9%)
 Unknown 86 (45.5%)

Stricture involving segment
 Esophagus only 132 (69.8%)
 Esophagus and stomach involved 57 (30.2%)

Number of esophageal strictures
 1 137 (72.9%)
 2 41 (21.8%)
 ≥ 3 9 (5.3%)
 Unknown 1 (0.5%)

Type of dilator used
 Bougie (SG) 122 (64.6%)
 Balloon (CRE) 67 (35.4%)

Starting dilation diameter at first session (mean, mm) 9.11 ± 2.37
Ending dilation diameter at first session (mean, mm) 11.138 ± 2.33

Fig. 2  Endoscopic image of the caustic esophageal stricture at the start of dilation therapy (a), after 2 sessions of dilation (b), and after 7 ses-
sions of dilation (c)
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Discussion

In this comparative study, endoscopic stricture dilation of 
CES showed higher technical success (90.1% vs. 68.7%), 
short-term (65.6% vs. 46.3%) and long-term clinical success 
(86.9% vs. 64.2%) with bougie dilators compared to balloon 
dilators. Recurrence of dysphagia after initial short-term 
clinical success (67.7% vs. 56.3%) and adverse events were 
not different for either of the dilators. Multivariate analysis 
suggested that use of bougie dilators (aOR 4.868, 95% CI 
1.027–23.079), achievement of short-term clinical success 
after initial dilation (aOR 5.785, 95% CI 1.203–27.825), 
and the presence of refractory stricture (aOR: 0.151, 95% 
CI 0.033–0.690) were independent predictors of long-term 
clinical success.

Since caustic strictures are often long, tight, and eccentric 
with significant wall fibrosis, it makes them more resistant to 
dilation compared to other strictures. Contrary to the recom-
mended five sessions to achieve a diameter of ≥ 14 mm, these 
strictures often require more sessions of dilation [12, 22]. 
Our data support this observation and showed that 35.4% of 
the esophageal strictures in our cohort were refractory. We 
found better short- and long-term clinical success with bou-
gie dilators, though their use had more refractory strictures 
compared to balloon dilators (43.5% vs. 20%, p = 0.005). 
This may seem contradictory. The number of dilatations to 
achieve ≥ 14 mmm was also higher and the number of total 

Fig. 3  Barium examination showing multiple strictures in the esopha-
gus after caustic ingestion (a) which resolved after multiple sessions 
of dilation with free flow of barium (b)

Table 2  Comparison of different parameters for bougie and balloon dilation for caustic esophageal strictures

Parameter Bougie dilation (n = 122) Balloon dilation (n = 67) p value

Age (years), mean ± SD 32.44 ± 11.84 31.7 ± 12.69 0.694
Gender
 Male 80 (65.2%) 39 (58.2%) 0.316

Timing of first dilation after caustic ingestion (months), 
mean ± SD

21.58 ± 68.45 11.72 ± 35.69 0.042*

Esophageal strictures
 Single 98 (81%) 39 (58.2%)  < 0.01*
 Multiple 23 (19%) 28 (41.8%)

Mean number of dilations to achieve ≥ 14 mm 7.29 ± 10.412 3.61 ± 2.060 0.03*
Mean number of total dilations 15.10 ± 17.158 6.59 ± 4.644  < 0.01*
Technical success 109 (90.1%) 46 (68.7%)  < 0.001*
Short-term clinical success 80 (65.6%) 31 (46.3%) 0.01*
Long-term clinical success
 Overall 106 (86.9%) 43 (64.2%)  < 0.01*
 After 1st session of dilation 35 (28.7%) 10 (14.9%) 0.034*

Refractory stricture 41/94 (43.5%) 10/50 (20.0%) 0.005*
Recurrence after short-term clinical success 45/80 (56.3%) 21/31 (67.7%) 0.269
Adjunctive therapy 41 (33.3%) 31 (46.3%) 0.086
 Steroids 39/122 (32%) 30/67 (44.8%) 0.741
 Mitomycin 0 7/67 (10.4%)  < 0.001*
 Stent 3/122 (2.5%) 2/67 (3.0%) 0.829
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dilations too, when compared to balloon dilators. Refrac-
tory strictures by definition would need more dilations. We 
feel the reason for a seemingly conflicting result of greater 
success but more requirement of dilation lies in the fact that 
bougie dilation allows the endoscopist to ‘feel’ the resistance 
and limit the diameter of dilation. This does not happen with 
balloons where, in fact, you tend to dilate to a preconceived 
diameter. Perhaps that is the reason balloon dilation was 
associated with a greater incidence of perforation, though 
not significant. In light of these observations, the use of the 
term ‘refractory strictures’ seems superfluous since the end 
point should be success in terms of freedom from dysphagia.

Both bougie and balloon dilators are effective in amelio-
rating dysphagia in esophageal strictures. A metaanalysis on 
comparative studies on bougies versus balloons showed that 
both were equally effective and safe in treating benign esoph-
ageal strictures [23]. However, it included only 12 cases of 
CES. Observational studies on bougie dilation in CES have 
shown a technical success of 41–100% and clinical success 
of 25–100% [9, 16, 24–26]. With the advancement of TTS 
balloons in the last two decades, esophageal strictures are 
increasingly being dilated with balloon dilators. Studies have 
reported a technical success of 90–100% and clinical success 
of 46–100% with balloon dilators [11, 13, 27–29]. The use 
of different definitions of technical and clinical success leads 
to variable success rates. These variable results explain the 

need for standardized definitions for technical and clinical 
outcome. We found higher clinical success (short and long 
term) with bougie dilators. In the presence of complex and 
eccentric strictures, balloon dilation could cause differen-
tial dilation of stricture segments while bougies provide a 
uniform dilation. Also, in very tight and fibrotic strictures, 
balloons may not achieve the intended diameter due to com-
pressibility of the balloon. These hypotheses may explain 
the higher efficacy of bougie dilators compared to balloon 
dilators, however, the exact cause for poor clinical success 
with balloon needs further evaluation. Future studies should 
assess the adequacy of diameter achieved after each dilation 
for different dilators.

On multivariate logistic regression, we identified the use 
of bougie dilators, short-term clinic success, and refractory 
stricture as independent predictors of long-term clinical suc-
cess. The presence of multiple strictures and time elapsed 
before presentation had no effect on long-term clinical suc-
cess. Multiple studies have shown poor clinical outcome for 
long segment strictures (> 6 cm), cricopharyngeal strictures, 
multiple strictures and delayed initiation of dilation [14, 24, 
30, 31]. In the present study, patients with long segment 
(> 6 cm) strictures were excluded. We found better outcome 
with bougie dilators compared to balloon dilators for CES. 
None of the available studies have compared these dila-
tors for CES. Other parameters found to predict long-term 

Table 3  Multivariate analysis 
for predictors of long-term 
clinical success

*p value < 0.05
a Adjusted for Age, gender, and type of caustic substance ingested

Parameters Odds ratio (95% CI) p value Adjusted odds ratio (95% CI)a p value

Multiple vs. single stricture 0.686 (0.156–3.008) 0.617 0.762 (0.165–3.518) 0.727
Bougie vs. balloon dilators 5.251 (1.155–23.872) 0.032* 4.868 (1.027–23.079) 0.046*
Short-term clinic success after 5.517 (1.332–22.840) 0.018* 5.785 (1.203–27.825) 0.029*
Refractory stricture 0.149 (0.034–0.646) 0.011* 0.151 (0.033–0.690) 0.015*
Use of adjunctive therapy 3.547 (0.826–15.243) 0.089 3.194 (0.701–14.552) 0.133
Constant 6.512 0.006

Table 4  Adverse events related 
to dilation in bougie and balloon 
groups

a Others: Vasovagal attack during endoscopy leading to cardiac attest

Adverse events Bougie dilation (n = 122) Balloon dilation (n = 67) p value

Any adverse event during dilation
 Overall 12/122 (9.8%) 12/56 (17.9%) 0.111
 Perforation 10 (8.2%) 11 (16.4%) 0.096
 Bleeding 2 (1.6%) 0
  Othersa 0 1 (1.5%)

Adverse event before 
achieving a diameter of 
14 mm

7/122 (5.7%) 8/67 (11.9%) 0.131

Adverse event after 
achieving a diameter of 
14 mm

5/122 (4.1%) 4/67 (6%) 0.723
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clinical success were short-term clinical success after ini-
tial dilation and the presence of refractory strictures. The 
presence of refractory strictures is a useful and independ-
ent parameter to predict poor long-term success. However, 
refractoriness in CES is an operator-dependent measure and 
most endoscopists do not use the Kochman’s definition for 
refractory benign esophageal stricture. Standardized defini-
tions to identify refractory strictures in CES need further 
studies. Also, the clinical benefit of step-up adjunctive thera-
pies in these refractory strictures is a matter of research.

Stricture dilation is categorized as a high-risk therapeutic 
procedure [21, 32]. The associated adverse events after dila-
tion include perforation, bleeding, cardiopulmonary adverse 
events, and other endoscopy or anesthesia-related adverse 
events [21]. Development of such adverse events are often 
the cause of treatment failure. In the present study, 12.7% 
patients developed adverse events and 62.5% of these events 
occurred during sessions of dilation, i.e., before a stricture 
diameter of at least 14 mm was achieved. Perforation is the 
most common adverse event reported after stricture dilation 
with incidence reported between 0–35% [26, 31–34]. Per-
foration developed in 11.1% patients in the present cohort 
followed by other adverse events, e.g., bleeding (1%) and 
vasovagal cardiac arrest (0.5%). The adverse events identi-
fied in the present study were slightly higher than reported in 
the recent studies [26, 28]. Factors like ulceration and nutri-
tional status which affect healing and air sufflation, which 
increases microleaks, affect the adverse event rates. Such 
confounding factors could not be studied due to unavail-
ability of data and need to be explored in future studies. The 
death rates after perforation are variable, ranging from 0 to 
18% [14, 35]. With early identification of perforation, the 
mortality has reduced significantly [14, 34]. In the present 
study, one patient died after esophageal perforation due to 
persistent sepsis after surgery.

Strengths of our study are that it includes the largest 
number of esophageal strictures due to caustic ingestion, 
and long-term longitudinal follow-up at a single center. We 
used standard definitions for technical and clinical success 
and refractory strictures. There are, however, a number of 
limitations in the present study. First, being a retrospective 
study, data on certain parameters, which could have con-
founding effects, were either not available or not equally 
distributed. Also, a significant proportion of patients from 
the cohort had incomplete data or were lost to follow-up 
and only patients with complete follow-up were included. 
This selective nature of study could introduce selection 
bias. Future randomized studies with long-term follow-up 
will be required to confirm the results of this study. Second, 
the length of strictures was assessed non-uniformly by the 
available data including esophagogram, computed tomog-
raphy, or on endoscopy. The data on luminal diameter were 
incomplete and its effect on clinical outcome could not be 

assessed. Third, balloon dilations were done without fluor-
oscopy and obliteration of the waist could not be ensured in 
all cases. Lastly, as a referral center, most patients presented 
at late stage with delayed initiation of dilation, and underly-
ing malnutrition could have affected the treatment outcome.

In conclusion, the study shows that use of bougie dilators 
is associated with better clinical success compared to bal-
loon dilators in CES, with similar rates of adverse events.
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