
Esophageal dilation with either bougie or balloon technique as a 
treatment for eosinophilic esophagitis: a systematic review and 
meta-analysis

Michael Dougherty, MD, Thomas M. Runge, MD MSCR, Swathi Eluri, MD MSCR, and Evan 
S. Dellon, MD MPH
Center for Esophageal Disease and Swallowing and Center for Gastrointestinal Biology and 
Disease, Division of Gastroenterology and Hepatology, University of North Carolina School of 
Medicine, Chapel Hill, NC

Abstract

Background and Aims—Esophageal dilation is a now recognized to be an important 

therapeutic modality in eosinophilic esophagitis (EoE). We aimed to evaluate the safety of 

esophageal dilation in EoE, especially regarding perforation risk, and to examine perforation risk 

by dilator type.

Methods—We conducted a systematic review of the published literature from January 1, 1950 to 

June 30, 2016 using Pubmed, EMBASE, and Web of Science. Studies were included if they 

described patients with EoE who underwent esophageal dilation and also reported the presence or 

absence of at least 1 adverse event (eg, perforation, bleeding, pain, or hospitalization). We used 

random-effects meta-analysis to estimate the frequency of each adverse event. Adverse event rates 

are listed as percentages with 95% CI throughout.

Results—Of 923 identified articles, 37 met inclusion criteria and represented 2034 dilations in 

977 patients. On meta-analysis, post-procedure hospitalization occurred in 0.689% (0%–1.42%) of 

dilations, clinically significant GI hemorrhage in 0.028% (0%–0.217%), and clinically significant 

chest pain in 3.64% (1.73%–5.55%). Nine perforations were documented, a rate of 0.033% (0%– 

0.226%) per procedure after meta-analysis. None of the perforations resulted in surgical 

intervention or mortality. The majority (5/9) were reported before 2009 (rate of 0.41% [0%– 

2.75%]); from 2009 forward the rate was 0.030% (0%–0.225%). Dilation method was described in 

30 studies (1957 dilations), in which 4 perforations were detected. The estimated perforation rate 

for bougies was 0.022% (0%–0.347%) and for balloons was 0.059% (0%–0.374%).

Conclusions—Perforation from esophageal dilation in EoE is rare, and there is no evidence of a 

significant difference in perforation risk related to dilator type. Esophageal dilation should be 

considered a safe procedure in EoE.
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INTRODUCTION

Eosinophilic esophagitis (EoE) is a chronic inflammatory condition responsible for an 

increasingly large proportion of esophageal-related morbidity.1, 2 Prominent presenting 

symptoms in adults and adolescents include dysphagia and food impaction,3 and are often a 

consequence of esophageal strictures or narrowing.4–7 Although medical and dietary 

therapies can decrease esophageal eosinophilia and microscopic evidence of fibrosis,8 they 

may not resolve overt strictures or narrowing and therefore symptoms may not improve in 

the setting of a severe fibrostenotic phenotype.7, 9, 10 In addition, a long duration of 

symptoms before diagnosis is associated with development of esophageal 

remodeling.5, 11–15 In these cases esophageal dilation remains a mainstay of therapy, both 

with and without concomitant medical therapy.16–18

Early reports of dilation in EoE raised concerns that the inflamed and fragile esophageal 

tissue was particularly susceptible to dilation-related adverse events, including bleeding, 

severe chest pain, and most concerning, perforation.19–22 More recently, however, there have 

been a number of studies reporting on large cohorts of EoE patients who have safely 

undergone esophageal dilation, bringing into question the perceived elevated risk in 

EoE.12, 13, 23–28 Other publications have provided new data in pediatric populations.28, 29 

There remains significant uncertainty whether bougie or through-the-scope (TTS) balloon 

dilation should be preferred, or if one of these techniques has a better safety profile.18, 23 

The rapidly expanding literature on esophageal dilation in EoE may help to elucidate this 

issue as well as confirm the safety profile of this procedure.12, 28, 30–32

The current study aimed to evaluate the overall safety of esophageal dilation as a 

management option for fibrostenotic EoE, especially regarding esophageal perforation. We 

also sought to determine whether there were any differences in safety between bougie and 

balloon dilation in EoE.

METHODS

We performed a systematic review and meta-analysis to assess safety of esophageal dilation 

in EoE using methods consistent with the PRISMA guidelines.33 Two authors (T.R. and 

S.E.) independently identified published reports of dilation in EoE, using Pubmed, 

EMBASE, and Web of Science. The search terms were “eosinophilic esophagitis” combined 

with “dilation” or “dilatation,” for example in Pubmed: ((*eosinophilic esophagitis) AND 

(dilation OR dilatation)) OR (*eosinophilic AND (dilation OR dilatation)). Additionally, the 

reference lists of all of the articles included in the final analysis, as well as previous 

reviews,11, 23–25 were hand-searched to ensure identification of all relevant studies. All 

indexed publications in any language, from January 1, 1950 through June 30, 2016 were 

eligible for inclusion. Studies of any design were included if they described patients with 

EoE who underwent esophageal dilation and also reported the presence or absence of at least 

1 adverse event (eg, perforation, bleeding, pain, hospitalization) occurring as a result of 

dilation. EoE was defined by esophageal eosinophilia in the presence of suggestive 

symptoms and endoscopic abnormalities (generally >15 per high-powered field in data 

collected after the publication of the 2007 guidelines).20 Review articles, editorials, and 
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letters to the editor were excluded, as were studies that reported on patients described in a 

subsequent publication. The search authors independently reviewed article titles and 

abstracts for inclusion, with disagreements resulting in inclusion of the abstract for full text 

review. The search authors independently extracted the relevant data into evidence tables, 

which were checked by the first author (M.D.), with any discrepancies resolved by 

consensus and adjudicated by the senior author (E.S.D.).

Extracted data included the following: study type, the number of patients in the study with 

EoE, number of EoE patients undergoing dilation, total number of dilations, mean age of 

study population, percentage male, number of balloon versus bougie dilations (where 

available), any reported data on clinical efficacy, and mean follow-up duration (in months). 

Finally, we abstracted the numbers of post-dilation adverse events from 4 main categories: 

perforations, hospitalizations, significant GI bleeds, and chest pain, defined according to 

each study. We also assessed the subsequent clinical outcomes of any adverse event where 

reported, such as surgical intervention or mortality. Significant GI bleeds were those defined 

as needing additional clinical intervention, usually re-endoscopy, and did not include 

mucosal tears seen immediately after dilation. Chest pain was subdivided into “unspecified” 

and “clinically significant” categories, with the latter defined as either triggering an 

otherwise unplanned clinical action (such as opiate prescription, radiologic test order, 

healthcare visit, etc) or specifically referred to as “severe.”

We assessed risk of bias for each study using the NIH/NHLBI quality assessment tools 

(available at: https://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-

risk-reduction/tools). The evaluation focused on the risk of a biased assessment of dilation 

safety, regardless of the quality of the study for assessing its primary outcome. In addition to 

the NIH tools, we also judged risk of bias to increase based on study design, on a continuum 

from randomized controlled trials (RCTs), to observational studies with comparison groups, 

to uncontrolled observational designs. We defined a cohort design on the basis of 

identification by exposure according to the method of Dekkers et al,34 thus including 

uncontrolled designs. Case reports were automatically considered at high risk of bias.

The main analysis used all studies. The primary outcome was percentage of dilations 

resulting in esophageal perforation. Secondary outcomes included other adverse events (eg 

chest pain, bleeding), perforations by dilator type, and perforations over time. We performed 

a random-effects meta-analysis for these outcomes (metaprop package for STATA version 

14.2; StataCorp, College Station, Tex, USA), using a continuity correction of 0.5 in order to 

include studies with zero adverse events.35 Heterogeneity was assessed with I2, which 

represents the percentage of the variability in effect estimates due to heterogeneity rather 

than chance. We performed sensitivity analyses of subgroups by study size, study design, 

study quality, publication period, mean of the maximum dilator size, and pediatric versus 

adult studies. We also performed a sensitivity analysis using a logit transformation/back 

transformation instead of the continuity correction.35 We evaluated for publication bias with 

the construction of a funnel plot of perforation rate versus number of dilations per study, and 

the Egger test for funnel plot asymmetry.
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RESULTS

Search results

We initially identified 923 articles, of which 37 met inclusion criteria (Figure 1). These 

comprised 2034 dilations performed on 977 patients. There was one RCT, 1 prospective 

cohort, 24 retrospective cohorts, 1 case-control study, and 10 case series/reports. There were 

31 articles and 6 meeting abstracts (Table 1). Three studies contributed the majority of 

dilation procedures (1232 dilations on 532 patients),12, 13, 27 whereas 18 studies described 

single-digit numbers of dilated patients, totaling 86 dilation procedures (Table 1). Of the 

studies with more than one subject, three focused on pediatric patients,28, 29, 36 2 3 were 

restricted to adults, 2 had both adults and children,12, 13 and in one, abstract age was not 

reported.37 The follow-up periods of the individual studies ranged from 1 week to 14 years 

(median 14.7 months).

Study Quality

All but one study30 were observational, and most did not evaluate adverse events as the 

primary outcome. Many of the studies with the largest samples and most comprehensive 

reporting of adverse events lacked a comparison group of either EoE patients who were not 

dilated or patients without EoE who were dilated.13, 15, 27, 31, 39 Of the observational 

comparison studies, only 219, 28 were designed to evaluate the relationship of dilations to 

adverse events, and none used statistical methods to adjust for selection bias (for more 

severely affected patients) in those patients who underwent dilation. As such, there were no 

studies at low risk of bias, and 11 studies with only moderate risk of bias (Table 1).

Safety

“Hospitalization” was observed after 19 of 1814 dilations, excluding 2 pediatric studies 

where all patients were hospitalized overnight per protocol29, 36 (Table 2). Significant GI 

bleeding postprocedure was extremely rare, after only 1 out of 1806 dilations. Clinically 

significant chest pain was reported in 49 of 924 dilations, with a range from 0% to 17% of 

procedures, depending on study. Incidence of chest pain of unspecified severity varied even 

more between studies, reported in anywhere from 0% to 74% of cases, with a median of 

14.7% (Table 2).

Across all dilations, 9 total perforations were documented.19, 22, 27, 40, 41 Six out of these 9 

had data describing the clinical severity and management after the perforation.22, 27, 40, 41 

Five out of 6 were designated “contained” or “intramural” perforations (CT scan 

demonstrating extraluminal air only). Only one transmural perforation was described,27 with 

contrast extravasation and pooling in the pleural space. All 6 perforations were managed 

without surgical intervention. No deaths attributable to dilation were described in the 

included studies.

Interestingly, most of the dilations (1831/2034, 90%) were from reports published in 2009 or 

later (Table 1), but the majority (5/9; 56%) of reported perforations were from publications 

before 2009. Reports published before 2009 described 5 perforations in 203 procedures; 

from 2009 forward, perforations occurred in 4 out of 1831 dilations. Across all time periods, 
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dilation method (balloon vs bougie) at the time of the procedure was noted in 30 studies. 

Perforations occurred in 2 out of 1120 procedures using bougies and 2 out of 837 procedures 

with balloon dilators.

Meta-analysis

The primary random-effects meta-analysis included all studies (Table 3). Meta-analytic point 

estimates of adverse event rates were generally much lower than unweighted pooled 

estimates. For example, perforation rate was 0.033% (95% CI, 0%–0.226%) per procedure. 

Forest plots of the risks of perforation, hospitalization, and chest pain, excluding case reports 

and case series, are shown in Figure 2 (A–D). The point estimates for frequency of 

perforation (both total and by dilator type), hospitalization, and GI hemorrhage were not 

statistically significantly different from zero. There was statistically significant between-

study heterogeneity for the outcomes of hospitalization, clinically significant chest pain, and 

unspecified chest discomfort (Table 3). Figure 3 shows a funnel plot of perforation rate 

versus number of dilations per study, suggesting a possible bias of small studies toward 

greater perforation rates (Egger test p=0.074).

Sensitivity and subgroup analyses

Sensitivity analyses excluding studies of fewer than 10 patients, with high risk of bias, or 

with case report or case series designs did not reveal meaningfully different results from the 

primary meta-analysis (Supplemental Tables 1–3). For example, overall perforation risk was 

0.029% (95% CI, 0% – 0.222%) for studies with 10 or more patients. Using a logit 

transformation, which avoids negative values for the lower limit of confidence intervals, also 

did not meaningfully alter point estimates, though the confidence intervals were wider 

(Supplemental Table 4). Subgroup analyses revealed possible trends toward different adverse 

event rates by publication period, maximum dilator size, and pediatric versus adult studies, 

although none of these differences reached statistical significance (Supplemental Tables 5–

7). For instance, the point estimates of frequency of perforation (0.0%; 95% CI, 0%–1.88%), 

clinically significant chest pain (2.19%; 95% CI, 0%–5.65%), and any chest discomfort 

(10.2%; 95% CI, 0%–23.2%) were lower for pediatric than for adult studies, although only 2 

to 3 studies contributed to each of these pediatric estimates28, 29, 36 Perforation rate with 

larger dilators (>17 mm) was 1.35% (95% CI, 0%–8.43%) versus 0.03% (95% CI, 0%–

0.226%) for smaller dilators, hospitalization 4.02% (95% CI, 0%–16.6%) versus 0.511% 

(95% CI, 0%–1.08%), and clinically significant chest pain 7.14% (95% CI, 0%–19.8%) 

versus 4.46% (95% CI, 1.41%–7.50%). Finally, the meta-analysis confirmed the direction of 

association between studies published before 2009 with higher perforation rates, estimating 

a 0.41% (95% CI, 0%–2.75%) rate before 2009 compared with 0.030% (95% CI, 0%–

0.225%) in more recent studies.

DISCUSSION

Fibrostenotic adverse events of eosinophilic esophagitis include strictures and narrowing, 

and many patients may require esophageal dilation in addition to anti-inflammatory therapy. 

In the early 2000s, numerous reports emerged suggesting that dilation in EoE patients was 

fraught with risk, especially of esophageal perforation.19, 22, 42, 43 In more recent years, a 
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much larger literature has emerged, suggesting that esophageal dilation can be performed 

safely. This systematic review and meta-analysis found that the cumulative published rate of 

perforation is quite low with dilation in EoE, occurring in 0.033% of procedures, and 

possibly even fewer in the modern era. Therefore, the risk of perforation approximates that 

of esophageal dilation for other benign indications.18, 44–47 Although we identified no 

studies directly comparing bougie and balloon dilation, both techniques had similar safety 

profiles.

This study extends prior systematic reviews of dilation in EoE, published from 2007 to 

201323–25,48 by including a meta-analysis. The current study also incorporates ten new, large 

cohort studies comprising 840 dilations compared with the most recent systematic review of 

the safety of dilation in EoE.25 We included a broader range of study designs in order to 

capture the perforations in case reports, and demonstrated perforation rates consistent with 

the estimates of prior reviews of 0% to 0.3%.23–25, 48 Even the unweighted pooled 

perforation rate of 0.44% (9/2034 dilations) in EoE-related strictures is comparable with the 

0.4% cited for other benign causes of stricture,45 also noting that refractory or other 

“difficult” benign strictures may result in higher rates of severe adverse events.44 

Furthermore, it is likely that the perforation rates from our study are conservatively high 

estimates, as higher-quality studies from the era of increased gastroenterologist awareness of 

EoE yielded a 13-fold decreased perforation rate (0.03% vs 0.41%, Supplemental Table 5), 

and there was only one confirmed transmural perforation in all of the dilations reviewed. 

Although there are likely many perforations and severe adverse events that occur in dilations 

for EoE and are not reported, the general bias of uncontrolled studies such as case series and 

case reports, included in this review, is toward selectively reporting adverse events rather 

than uneventful procedures. The funnel plot of published studies suggests such a tendency, 

though warrants cautious interpretation due to the impossibility of a completely symmetric 

funnel distribution when the point estimate approaches zero.

Additionally, this review included an experience with pediatric patients, and explored the 

safety profiles of different dilation methods (balloon and bougienage). In contrast to the 

caution regarding dilation recommended in recent guidelines,49 the largest pediatric cohorts 

to date by Menard-Katcher et al and Al-Hussaini suggest that dilation can also be a safe and 

effective option for the appropriately selected pediatric patient. In fact, none of the reported 

perforations occurred in patients younger than 17 years of age,41 which could reflect the 

inverse relationship of esophageal compliance with duration of uncontrolled disease 

activity.7 Regarding dilator type, our review was limited by study heterogeneity and 

incomplete procedure-level data. The majority of balloon dilations in particular (681/837 

procedures), were contributed by only 6 centers, and may not be generalizable to providers 

less experienced with this technique. In the absence of prospective data, we would agree 

with prior recommendations that dilator choice be tailored to the endoscopist’s preference 

and experience, with consideration of stricture anatomy and procedural characteristics.18, 45

Though not definitive, our findings also support the straightforward notion that dilator size 

and aggressiveness are other risk factors for adverse events. Thus, we endorse the 

recommendations of others to “start low and go slow,”18, 27 taking as many dilation sessions 

as necessary to achieve symptomatic relief in a controlled fashion. Perforation risk likely 
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depends more on the change in esophageal diameter in any one session than absolute dilator 

size, though few studies in our review reported the former metric. It may also be beneficial 

to pair dilation with a medical or dietary anti-inflammatory intervention, as dilation does not 

affect esophageal eosinophilia,13, 50 and repeat dilations are needed more frequently if 

inflammation is not controlled.12, 15, 36

Limitations of this systematic review lie in the heterogeneity of types and definitions of 

outcomes reported across studies, as well as large variation in study methodology and 

quality. Only 2 out of 37 studies were prospective, and nearly half described single-digit 

numbers of patients in uncontrolled designs. All studies reported on perforations, but for 

each of the other included adverse events, less than 2/3 of the studies contributed to each 

total. As a result, our estimates may suffer from a lack of precision. Pain in particular is 

likely vastly underreported, and the studies reviewed showed tremendous variability in the 

definition, collection, and reporting of this symptom. Additionally, some “discomfort” may 

even be expected postprocedurally, so much so that patients can be forewarned about this 

symptom and reassured that it may represent an effective procedure.18

Another potential limitation is that we did not include all of the adverse events reported in 

some of the featured studies. For example, many earlier studies reported high incidences of 

“mucosal tears” or “rents.”22, 26, 27, 36, 48, 51, 52 The EoE community has since come to a 

consensus that such findings are an expected and even desired result of successful 

dilation.11, 21, 53 Last, our search strategy may have missed important reports of adverse 

events from the period before eosinophilic esophagitis was widely recognized. Several 

studies referred to patients with “ringed esophagus,” “stiff or slender esophagus,” or 

“congenital esophageal stenosis,” which probably described EoE.42, 54–56 We did not 

include these in the formal review in order to preserve the systematic nature of the search 

strategy, limiting the inclusion of non-EoE diagnoses in an already heterogeneous group of 

studies and patients. The included group of studies still represents the overwhelming 

majority of experience with the disease entity now recognized as eosinophilic esophagitis.

This study also has a number of strengths. These include a rigorous systematic review and 

meta-analysis methodology in accordance with guidelines, comprehensive searching of both 

published and abstract data, multiple levels of checks on data extraction, and sub-analyses 

by dilator type and publication period. The result more than doubles the number of dilations 

analyzed in prior reviews,23–25 lending greater confidence to the conclusion that dilation is a 

safe procedure in EoE.

In conclusion, this systematic review and meta-analysis found that esophageal dilation in 

EoE is safe, with an estimated perforation rate of 0.033% (95% CI, 0–0.226). Moreover, it 

appears that dilation with either a balloon or bougie technique has a similar safety profile. 

The finding that perforation rates are even lower in the last 6 to 7 years suggests that either 

there has been a degree of publication bias (reports of patients with a adverse event were 

preferentially published) or that gastroenterologists have learned from the early reports, 

become more aware of EoE, and subsequently adapted their dilation techniques to maximize 

the safety of the procedure. Dilation should be considered a safe, symptom-relieving 

procedural adjunct to dietary and medical interventions. Current knowledge gaps can be 
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addressed with prospective interventional studies comparing different combinations of anti-

inflammatory and dilation treatments, to better establish the approach that optimally 

balances safety, efficacy, and patient preference in a cost-effective manner.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Results of search strategy.

Dougherty et al. Page 12

Gastrointest Endosc. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Dougherty et al. Page 13

Gastrointest Endosc. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Forest plots of random-effects meta-analysis for (A) perforation, (B) hospitalization, (C) 

clinically significant chest pain, and (D) unspecified chest pain. Case series and case reports 

not displayed. The boxes represent the point estimate, and the bars represent the 95% 

confidence intervals which are left-truncated as it is not possible to have a proportion less 

than zero in this meta-analysis (ES, effect size. CI, confidence interval. I2, the percentage of 

total variation across studies that is due to heterogeneity rather than chance.)
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Figure 3. 
Funnel plot of perforation rate by study size (1/number of dilations), with 95% pseudo-

confidence limits.
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Table 3

Random-effects meta-analysis of adverse events from dilations in eosinophilic esophagitis.

Adverse event (number of studies 
contributing data)

Point estimate, % of 
procedures

95% CI*, % of 
procedures

Heterogeneity (I2)12, P value

Perforation (37) 0.033 0 – 0.226 0%, P=0.73

 Bougie (23) 0.022 0 – 0.347 0%, P=1.0

 Balloon (16) 0.059 0 – 0.374 0%, P=0.71

Hospitalization (22) 0.689 0 – 1.42 44.0%, P= 0.015

GI hemorrhage (20) 0.028 0 – 0.217 0%, P=1.0

Clinically significant chest pain (20) 3.64 1.73 – 5.55 47.3%, P = 0.010

Any chest discomfort (7) 23.6 5.89–41.3 96.5%, P<0.0001

*
CI, Confidence Interval. All lower limits truncated at zero. Meta-analysis conducted with a continuity correction of 0.5. For those adverse events 

with 0% heterogeneity, estimates are identical to those of fixed-effects meta-analysis.

†
I-squared, defined as the percentage of total variation across studies that is due to heterogeneity rather than chance.
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