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There is evidence of an increased fragility in the inflamed esophagus of patients with eosinophilic
esophagitis (EoE). We performed a systematic review on presentation, management and outcomes of
and surgical interventions for esophageal perforation in these patients, by searching in the MEDLINE,
Embase and Scopus databases.

Of the 599 references identified, 41 full-papers and 9 abstract met the inclusion criteria. Overall, 76
esophageal perforation episodes in 70 individual patients aged between 9 and 65 years were reported.
51 patients had not been diagnosed with EoE at the time of perforation; 14 patients had an untreated
disease and the remaining were non responsive to therapy. Acute or progressive pain after long-lasting
dysphagia and food impaction was the most common symptom leading to diagnosis in 42 patients who
presented with Boerhaave syndrome. Pushing impacted food into the stomach led to perforation in 5
cases. Eight episodes appeared after dilation. CT scans demonstrated perforation in 82.4% of patients.

Conservative management (including esophageal stenting) was used in 67.1% patients. The 25 remain-
ing patients underwent surgery. Recovery was uneventful in the vast majority of patients. No death was
reported.

Active inflammation due to undiagnosed or untreated EoE was present in most cases of esophageal
perforation. Conservative treatment of perforation should always be considered in EoE.

© 2019 Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.1.
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1. Introduction rigid esophageal endoscopy [8,9], or advancing the impacted bolus

into the stomach [10]. A high rate of tears and lacerations of the

Eosinophilic esophagitis (EoE) is a chronic inflammatory disor-
der of the esophagus. The growth in incidence reporting of EoE [1]
hasincreased to the point that it currently represents the most com-
mon cause of dysphagia and food impaction in children and young
adults [2]. EoE is considered a particular form of food allergy, in
which proton pump inhibitor (PPI) therapy, topical steroids and
elimination diets are effective in inducing and maintaining disease
remission [3-5]. Food impaction has been described as the most
frequent clinical manifestation that leads to the diagnosis of EoE in
adult patients [6,7]. Although it is often self-limited, it sometimes
requires the extraction of the impacted food bolus by flexible or
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mucosa has been also reported in EoE patients [11], demonstrating
increased fragility of the esophageal mucosa.

EoE is considered a progressive condition where, if untreated,
features of esophageal remodeling develop over time, leading to a
diffusely narrow caliber esophagus and dominant strictures which
may cause persistent dysphagia and require esophageal dilation
[12-15]. Esophageal dilation is one of the most effective options
in the management of dysphagia of EoE patients with fibrostenotic
features [16], despite it has no impact on underlying inflammation.
However, several reports have described a higher than expected
rate of complications, especially in the early literature [ 16-18], thus
highlighting the association of EoE with a marked fragility of the
organ. In fact, mucosal tears produced spontaneously while try-
ing to dislodge impacted food or following endoscopic procedures
are common in active EoE and may be complicated by esophageal
perforation, which sometimes constitutes the initial manifesta-
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tion of EoE [19-21]. The most appropriate management of such
esophageal perforation is not well established, and data on the out-
comes from surgical or conservative options are currently lacking.
The aim of this research was to systematically assess the clinical
presentation, management and outcomes of the different inter-
ventions for esophageal perforation in patients with EoE, and to
determine contributing factors around this complication.

2. Material and methods

We used PRISMA methodology for conducting this systematic
review [22], which was registered in PROSPERO, the International
Prospective Register of Systematic Reviews (CRD42019125048).
There was no funding received for this review.

2.1. Selection criteria

Apredetermined protocol was used in accordance with the qual-
ity standards for reporting meta-analyses of observational studies
in epidemiology [23]. To be included in this review, studies needed
to involve adult or pediatric patients with EoE who suffered from
esophageal perforation, both spontaneously or after endoscopic
interventions. Description of clinical presentation and results of
diagnostic tests had to be reported, as well as the intervention per-
formed and its clinical outcomes defined. All kinds of designs for
clinical studies - retrospective observational studies, case series,
and case reports - were eligible for inclusion.

2.2. Search strategy

A systematic literature search was performed independently
by two researchers (AJL and AA) in three major bibliographical
databases (PubMed, EMBASE, and Scopus) for the period up to April
2019. The search was not restricted to language of publication. Lit-
erature search strategies in these databases used a combination of
subject headings and index terms, as well as key words relating
to EoE and an esophageal perforation. The following search strat-
egy was used to consult the thesauri for MEDLINE (MESH) and
EMBASE (EMTREE): (“eosinophilic esophagitis” OR “eosinophilic
oesophagitis”) AND (“esophageal perforation” [MeSH Terms]) OR
“perforation” OR “dissection” OR “rupture” OR “Boerhaave*”). As for
the SCOPUS database, only free text searches with truncations were
carried out. Reference lists from retrieved articles and abstracts of
conference proceedings (taken from abstract books from the annual
Digestive Diseases Week, American College of Gastroenterology
Meetings and the United European Gastroenterology Week for the
period between 2014 and 2018) were also examined to identify
additional, relevant studies. All references were screened for eligi-
bility independently by four reviewers (LA-G, MR-P, ER-I & AJL). If
any of the reviewers felt that a title or abstract met the study eligi-
bility criteria, the full-text of the study was retrieved. The authors
resolved any discrepancies by discussion.

2.3. Inclusion criteria

EoE was defined by any combination of symptoms pointing
to esophageal dysfunction and a dense eosinophilic infiltration
(=15 eosinophils per high power field) in esophageal biopsies
[2]; esophageal perforation was considered as any rupture of the
esophageal wall associated with mediastinal or thorax fluid or air
findings in image tests. Any treatment received by the patient to
manage a perforation in which surgery was not involved was con-
sidered a conservative approach.

2.4. Exclusion criteria

Systematic reviews, guidelines, review articles, book chapters,
letters to the editor or editorials with no original data were
excluded. Studies providing duplicate information to include sub-
sets of data already published and those providing no information
on the management of perforation were also excluded, as were
studies not carried out on humans.

2.5. Data extraction

Four reviewers (AJL, LA-G, MR-P and ER-I) independently
extracted relevant information from each eligible study using a
standardized data extraction sheet and then proceeded to cross-
check the results. The data extracted included the last name of first
authors, publication year, journal name, type of document, country
or origin, age and gender of patients reported, length of EoE at com-
plication (if available), symptoms leading to diagnose a perforation,
cause of perforation, type of perforation, technique to diagnose
perforation, findings from examinations, need of surgery to treat
perforation, additional treatment measures, and patient outcome.
Disagreements between reviewers regarding data extraction were
resolved through discussion.

2.6. Risk of bias assessment

Retrieved documents were evaluated for risk of bias if the article
described patients’ demographical data, and the diagnostic crite-
ria used for EoE, reported on the presentation of the complication,
and the diagnostic tests or assessment methods, had clearly pre-
sented results, and if the intervention or treatment procedure(s)
were clearly described. Information on the post-intervention clin-
ical condition also needed to be reported. Risk of bias assessment
was checked against The Joanna Briggs Institute Critical Appraisal
Checklist for Case Reports [24]. A study was considered to be at
low risk for bias if each of the bias items could be categorized as
low risk. Studies were judged to have a high risk of bias however
if any one of the items was deemed high risk. Four investigators
(AJL, LA-G, MR-P and ER-I) independently gave each eligible study
an overall rating of high, low or unclear risk of bias; disagreements
were resolved by consensus.

2.7. Analysis data and reporting

A descriptive summary with data tables was produced to sum-
marize the findings of the review, along with a flow chart of the
review process, and included as a figure. Quantitative pooling of
data was not meaningful in the context of this review so a narrative
synthesis of the data was undertaken.

3. Results
3.1. Literature search

The search strategy yielded 599 references after removing
duplicates; 543 were excluded from the search mainly due to
(a) being review articles or book chapters, (b) EoE with no per-
foration reported, (c) perforations not related with EoE or (d)
details on the management of the perforation not being provided.
Screening of references of chosen articles provided 3 additional
documents. In all, we identified 50 studies that reported on the
management and outcomes of esophageal perforation in patients
with EoE. Fig. 1 summarizes the results of the search strat-
egy.

Most of the studies were conducted in United States (US)
[20,21,25-43] and European countries, including Spain [19,44-50],
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MEDLINE: EMBASE: Scopus:
documents documents documents
identified identified identified
(n=77) (n=265) (n=439)

599 documents identified and
screened for research
(n=599)

=I 182 duplicated documents |

:I 543 excluded documents |

250 review articles
125 EoE with no perforation reported

51 no relationship with EoE

41 book/ book chapter

23 no details on perforation management
20 systematic review

11 guidelines and consensus documents

8 editorials and letters without original data
8 duplicated information

4 no original data provided

2 non humans

three independent observers (n = 56)

56 documents selected for management of
perforation in eosinophilic oesophagitis by

3 included documents |—>

=I 9 excluded documents

2 perforations and EoE are not the same cases
1 duplicated information

1 EoE diagnosis not ensured

1 systematic review

4 no perforation reported

(n=50)

50 documents included in our systematic review

Fig. 1. Flow chart for the process of identifying studies included in and excluded from the systematic review.

Switzerland [8,51,52], Portugal [53-55], Germany [56-58], The
Netherlands [59,60], Italy [61-63], United Kingdom [64-66],
Sweden [67], Iceland [68], and France [69]. One additional study
came from Australia [70]. The first study was published as early
as 1996 [65], and the second appeared in 2003 [34]. Thereafter,
the number of cases reported increased almost continuously up to
2019.

Overall, studies retrieved included 41 full-paper reports and
9 abstracts, which described 70 patients who suffered from 76
esophageal perforations overall. Most the studies were single case
reports, but some of them described case series of 2-10 individual
patients [8,19,21,30-32,35,43,68]. Supplementary Table 1 provides

a summary of the studies reviewed and key patient data and pro-
gression.

Fifty-one patients were male, 14 were female (the ratio of M:F
being 3.3:1) and for the remaining 5 the gender was not provided.
At the moment of suffering a perforation, thirteen patients (18.6%)
were children and adolescents (with ages ranging from 10 to 17
years); 35 patients (46%) were in the age range of 18-35 years; and
20 patients (26.3%) aged between 36 and 53 years old. The last 3
patients (3.9%) were over 54 years of age. No data was provided for
the 5 remaining patients. Demographic and clinical characteristics
of the patients included in this systematic review are shown in
Table 1.
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Table 1
Demographic and clinical characteristics of patients with eosinophilic esophagitis
suffering from esophageal perforation.

Demographic characteristics

N 70

Age at perforation?® (years) [Mean (SD; range)] 30.9(11.9; 11-65)

Sex [male (%)/female (%)/unspecified (%)] 51(72.9)/14 (20)/5 (7.1)
Age group at perforation® (years) [N (%)]

Patients (%)

<18 13(17.1)
18-35 35 (46.1)
36-53 20(26.3)
>54 3(3.9)
Unspecified 5(6.6)

Previously diagnosed with EoE
No (%) 51(67.1)
Yes, but untreated (%) 14 (18.4)
Yes, but treatment ineffective (%) 7(9.2)
Yes, but not adherent (%) 1(1.3)
Unspecified (%) 3(3.9)

a Patients suffering two episodes of esophageal perforation twice are counted
twice.

3.2. Clinical pictures of esophageal perforation in patients with
EoE

3.2.1. Clinical presentation of esophageal perforations

In 51 out of the 76 episodes of esophageal perforation (67.1%), no
treatment was being offered, since the patients had not been diag-
nosed with EoE at the time of presenting the complication. Fourteen
patients (18.4%) who presented esophageal perforation had already
been diagnosed for EoE, but were not receiving therapy at the
point of presenting the perforation [21,67,31,53,33,35,50,43,42].
Seven additionalpatients were receiving topic steroids (mainly
metered fluticasone) [8,28,32,59] or PPIs [63] when the perforation
appeared, but were histologically non-responsive and one patient
was treated exclusively with endoscopic dilation [50]. Details on
EoE therapy were not provided for 3 patients reported in 2 studies
[34,68]. Six patients suffered from esophageal perforation twice,
and the underlying cause of perforation was not investigated after
the first episode.

The most common symptom that led patients to seek
medical attention were dysphagia and food impaction
[8,19,29,31-34,43,45,46,57,59,60,62,66,68,70], which was occa-
sionally followed by acute or progressive chest or epigastric
pain [8,20,25,29,30,35,37,39,42,43,47,48,50,53,61,63,65,69], fever
[40,52,53,55,69] or dyspnea [21,27,40,65]. Some patients also pre-
sented hematemesis [8,37,38,41,43,54,61,63]. It was not unusual
for patients to seek attention due to onset of severe chest pain
after a persistent esophageal impaction for several hours or even
days [21,43,58,63].

Esophageal perforation occurred after retching or vom-
iting (resulting in a Boerhaave syndrome) in 41 patients
(two of them suffered two perforations at different times)
[8,19-21,25-27,29,30,35,37,39-43,47,48,50,53,55,61,62,65,68,69].
In 8 cases perforation appeared as a complication after endoscopic
dilation with through-the scope balloons (6 cases) or Savary
bougies (2 cases) [32,33,35,43,56]; resolving food impaction by
pushing food into the stomach with the aid of the scope led to per-
foration in 5 cases [31,60,66,67,70]; 3 perforations occurred after
biopsy sampling [44,45,49] and 2 after food bolus removal by rigid
esophagoscopy [8]. A poorly tolerated endoscopy led to Mallory
Weiss syndrome and esophageal perforation in 3 cases [38,49,57];
dislodging of food [43,59] or tablets [54,58] were reported as
causing perforation also, as well as difficult esophageal strictures
[43,68]. Finally, some miscellaneous cases of perforation were
cause by transesophageal echocardiogram [28], HALO ablation of
Barrett esophagus [36], chest trauma [52] or the mere passage of
the endoscope [34].

Table 2

Findings from exploratory exams carried out in 70 patients with eosinophilic
esophagitis who suffered from 76 episodes of esophageal perforation, as described
by authors in source documents included in our systematic review. Several finding
could be present in the same patient.

Exploratory findings N (%)
Pneumomediastinum 40 (57.1)
Esophageal mucosa of fragile appearance 24 (34.3)
Subcutaneous emphysema 10(14.3)
Contrast extravasation/esophageal leak 10(11.4)
Pleural effusion 7(10.0)
Fluid or gas abscess or collections 6(8.6)
False lumen/mucosal flap/double-barrel 6(8.6)
Mucosal striping/tears 5(7.1)
Purulent content in esophageal lumen 5(7.1)
Esophageal ulceration 4(5.7)
Thickening of esophageal mucosa 4(5.7)
Narrowed esophagus 3(4.3)
Pneumoperitoneum 3(4.3)
Pneumopericardium 3(4.3)
Mediastinitis 3(4.3)
Pneumothorax 2(2.9)
Esophageal wall pneumatosis 2(2.9)
Phrenic nerve injury 2(2.9)
Peritonitis 1(1.4)
Emphysema dissenting the thyroid gland 1(1.4)

3.2.2. Symptoms leading to suspicion of perforation

In most of the reported cases, the symptoms that led to
the suspicion of esophageal perforation were different to those
that prompted the patient to seek medical attention, especially
in cases where the perforation had been caused by endoscopic
intervention. Thus, the onset of severe pain in the neck and
chest [8,19,25,30,33,43,45,56,58,63,65,66], the appearance of sub-
cutaneous emphysema [43,46,62,66] or profuse bleeding after
endoscopy [28,43,44,58] were major signs to suspect esophageal
perforation.

3.2.3. Diagnostic tests

A computed tomography scan of neck, thorax and/or abdomen
was reported (92.1%) to be used to demonstrate esophageal per-
foration in 56 out of the 70 episodes. CT scanning was usually
accompanied by other complimentary imaging techniques per-
formed either beforehand or afterwards. The most common of these
were: chest x-ray [8,29,31,40,45,64-66], water soluble contrast-
esophagogram [26,27,30,35,40,43,47,50,63-65], and endoscopy
[19,28,39,40,52,53,55,61,62,65]. In a minority of cases a perfora-
tion was diagnosed based exclusively on endoscopy [43,49,59],
gastrografin swallow [8,21,37,43,70], chest or abdomen x-ray
[19,33,43,60].

The perforation was described as an esophageal rupture by the
original authors in 62 episodes (81.6%); in 11 episodes (14.5%), the
perforation was described as esophageal dissection and in 3 cases
(3.9%) it was described as an esophageal leakage.

Regarding the exploratory findings, pneumomediastinum was
the most common, described in 40 patients (57.1% of perforations);
an altered esophageal wall was found in 24 patients (34.3% of perfo-
ration); and a subcutaneous emphysema was present in 10 patients
(14.3% of episodes). Table 2 shows detailed exploratory finding in
the complete series of patients included in this review.

3.3. Management of esophageal perforations in EOE

Fifty-one out of the 76 episodes of esophageal perforation
(67.1%) were managed conservatively with no need for surgery
[8,20,21,26,28-35,38-45,47-51,53-60,63,67-69]; this mainly con-
sisted of nil per os with parenteral diet, broad-spectrum antibiotics,
proton pump inhibitors and analgesics. Among these patients, 10
underwent esophageal stenting as the primary measure to close the
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perforation [20,28,31,51,54,57,59,60,67]. Both full- and partially
covered metallic stents were used.

In two patients the primary mucosal tear was endoscopically
closed with endoscopic clips [40] or over-the-scope clips [41]. A
patient who presented transmural wall dissection of the esopha-
gus with no leak in the mediastinum, underwent resection of the
mucosal septum to create a single esophageal lumen [61].

The remaining 25 patients (32.9% of perforations) underwent
surgery, which mainly included repair of the perforation through
thoracotomy [19,25,27,30,35,37,43,62,64-66] or, less commonly,
laparotomy [37] or laparoscopy [19]. An esophagectomy with gas-
troplasty was performed in 5 cases [30,36,46,62,65]. Only 1 patient
required an esophageal stoma and feeding jejunostomy, followed
by reconstructive gastrosplasty [70].

In a patient who presented with Boerhaave syndrome, a left tho-
racotomy and coverage of the perforation with intercostal muscle
flap was combined with esophageal stenting [35]; an additional
patient required esophageal stenting to closure a persistent leak
after surgical repair of the perforation [37]. Details on therapeutic
interventions are summarized in Table 3.

Comparison between groups of patients undergoing surgically
versus conservative treatment revealed that the only findings that
made surgical management more likely than a conservative one
were pleural effusion (5 out of 7 patients with this complication
were operated on) and contrast extravasation out of the esophageal
lumen (5 out of 8 patients presenting it underwent surgery). The
date of publication of each report and the use of a strategy for
the preferential management of esophageal perforation were not
related.

3.4. Clinical outcomes of perforation in patients with EoE

Most of the cases recovered uneventfully, and 21 patients out
of the 29 for whom the length of hospital stay was provided, were
discharged from hospital within a Tweek period (72.4% of perfo-
rations). Hospital discharge happened in the second week after
perforation in 7 patients and the remaining were discharged later
due to the need for a more complex post-operative course which
required continuous drainage from the site of rupture - mediastinal
lavage and bilateral chest tubes - over a 3-month period [30].

Most of the esophageal stents were removed before the third
week from placement and all of them before the eighth week; two
patients with partially covered stents presented tissue in-growth
and required a stent-in-stent procedure for their removal [31,59].

EoE was diagnosed after the first esophageal perforation in 32
patients out of 48 who had no previous diagnosis (66.7%); five addi-
tional patients were diagnosed from EoE after suffering a second
episode of perforation [27,31,37,40,49]. A diagnosis of EoE had been
provided to the remaining patients before suffering perforation.

3.5. Risk of bias assessment

Of the 50 studies, 22 were considered low risk of bias, and
15 others judged intermediate. Reasons for reducing the qual-
ity of reporting in the remaining 13 studies were mainly due
to: insufficiently detailed description of diagnostic test results (3
studies), not providing clear descriptions on interventions or treat-
ment procedures (9 studies), not providing detailed information on
post-interventional management and outcomes (8 studies). Sup-
plementary Table 2 provides a detailed evaluation of the critical
appraisal for each of the studies.

4. Discussion

This is the first research that systematically reviews the
occurrence of esophageal perforation in patients with EoE, by

undertaking an exhaustive search of the literature and analysis of
76 episodes in 70 patients covering a wide age range. At present
this represents the widest collection of esophageal perforations
described in the literature, covering a broad period of time, and
showing a marked increase with the most cases described in recent
years.

Our research supports esophageal perforation, either after
food impaction or following an endoscopic procedure, as a well-
defined complication of EoE, related to the greater fragility of the
esophageal mucosa in these patients [71]. Cytotoxic proteins con-
tained in eosinophil granules have been connected to an increased
fragility of esophageal tissues in such patients and can lead to dam-
age by increasing the risk of esophageal disruption [ 72]. Eosinophils
in EoE infiltrate not only the epithelial layers, but also permeate
throughout the entire esophageal wall, including the lamina pro-
pria and the submucosa [73,74], dissect muscle fibers of muscularis
propria [46,75] and reach parasympathetic ganglion cells of the
myenteric plexus [46]. These clinical implications determine dys-
phagia and explain not only strictures and dysmotility, but also the
deep esophageal tears and perforations which result from vomit-
ing to dislodge impacted food (Boerhaave syndrome), frequently
described in EoE patients.

The overview that our systematic review provides about
esophageal perforation in EoE allows us to establish its character-
istics and give some clues for risk factors for this complication. To
begin with, esophageal perforation appeared in patients of all ages.
The predominance of esophageal perforations among the male sex
also reflects the unequal distribution of the disease between the
sexes, affecting more than twice as many men as women [1]. In
addition, esophageal perforation lead to a diagnosis of EoE in two
thirds of the patients retrieved in our literature search. In fact,
population-based studies defined a peak of incidence of EoE during
the third to fourth decades of life [76,77]. This is in agreement with
our systematic review, in which half of the patients presented with
a perforation during their third to fourth decades and one quarter
during the following two decades of life.

Most importantly, potential risk factors for esophageal perfo-
ration in EoE are suggested in this systematic review. Firstly, our
research identified active inflammation in EoE (both by lack of
diagnosis, or absence of anti-inflammatory therapy at the moment
of suffering from esophageal perforation) as a relevant risk factor
for this complication, with 90% of patients being untreated at the
point of suffering from perforation. The minority of patients that
were under swallowed steroid or PPI therapy were non respon-
ders. Therefore, to prevent this severe complication, it should be a
must to treat active EoE with effective anti-inflammatory options.

Secondly, the clinical background of most patients
included in this systematic review included a long
term dysphagia with repeated food impaction episodes
[8,19,21,26,27,30,32-35,40,42,43,49,57,58], with food
impaction as the symptom leading to hospital admission
[8,19,29,31,42,43,45-50,54,59,60,60,62,66,68-70]. In fact, food
impaction is the most frequent clinical manifestation that leads
to diagnosis of EoE in adult patients [6,78-80], and its incidence
has increase over the last 4 decades, according to a recent single-
center research [81]. It frequently requires endoscopic dislodging.
A retrospective study of 251 Swiss patients with EoE showed that
up to 34.7% at some point required extraction of the impacted
bolus by flexible or rigid esophageal endoscopy [8].

Thirdly, we identified using the endoscope to push food into the
stomach as a potentially risky maneuver for esophageal perfora-
tion in EoE [31,60,66,67,70]. Despite a recent retrospective series
showing the push technique to be as safe and effective as the pull
technique in managing esophageal food bolus impaction in adults
[81-84] and children [85], only a minority of patients had EoE. Until
we have prospective studies to assess the safety of pushing the food
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Table 3

Description of conservative or surgical treatment options for esophageal perforation in a series of 76 episodes reported in 70 patients with eosinophilic esophagitis. Details
are provided as described by authors in source documents included in a systematic review. More than one intervention was possible in the same patient.

Conservative treatment (N=51) n (%) Surgical treatment (N=25) n (%)
Broad spectrum antibiotics 30(58.8) Thoracotomy and primary suture of the perforation 13(52)
Bowel rest/fasting 21(41.2) Esophagectomy with gastroplasty 5(20)
Proton pump inhibitors 16 (31.4) Covering the perforation with intercostal muscle flap 2(8)
Parenteral nutrition 13 (25.5) Mediastinal drainages 2(8)
Esophageal metallic stent 12 (23.6) Laparotomy and esophageal suture 1(4)
Enteral nutrition 6(11.8) Mediastinoscopy and perforation closure 1(4)
Endoscopic clipping 2(3.9) Evacuation of empyema 1(4)
Clear liquid diet 2(3.9) Needle decompression 1(4)
Analgesics 2(3.9) Esophageal stoma and feeding jejunostomy 1(4)
Antimicotic agents 1(1.9) Section of esophageal septum 1(4)
Anti-inflammatory agents 1(1.9) Decortication of a lung 1(4)
Unspecified treatment 15(29.4) Fistulostomy 1(4)

bolus into the stomach in patients with known or suspected EoE,
caution should be recommended with this technique.

Fourthly, endoscopic procedures in patients with active EoE
were also associated with esophageal perforation in our series,
with esophageal dilation being the most risky procedure described
[32,33,35,43,56,67]. Esophageal strictures are one of the most
severe complications of EoE that develop as a result of a long-
standing untreated eosinophilic inflammation, with patient age
and delayed diagnosis being recognized as its determining fac-
tors [12-14]. Fibrostenotic features in EoE should be solved by
endoscopic dilation, and dysphagia improves in 95% of patients fol-
lowing dilation [16]. Perforation rates after esophageal dilation in
EoE reported in recent studies contrast with those reported in ear-
lier case series; today dilation can be considered safe in EOE when
properly performed [86] with a rate of major complications con-
sistent with that reported in other esophageal diseases [16]. Since
a high density of eosinophils has been identified as a predictive
factor for complications during dilation [87], dilation should be
performed after histologic remission has been achieved with an
effective diet or implementation of drug-based anti-inflammatory
therapy, whenever possible.

Despite the potential severity of an esophageal perforation and
its complications, two thirds of the EoE patients described in the lit-
erature were effectively treated conservatively, and none of them
underwent surgery after failure of the primary treatment. Together
with bowel rest and broad-spectrum antibiotics, esophageal stent-
ing to cover the perforation has been revealed in recent years as an
effective method that allows oral feeding to continue and promotes
accelerate hospital discharge. Surgical repair of the perforation was,
by contrast, more common in patients with complications of per-
foration, in the form of pleural effusion or contrast leakage into the
mediastinum. In two cases, a covered stent was required to seal a
persistent perforation after surgery [35,37]. Importantly, no death
was reported, and the majority of patients could be discharged
with the first week after perforation. The young average age of
patients with EoE and the fact that it is not associated with seri-
ous or debilitating diseases, certainly contributes to these positive
results.

Our review has several strengths, such as: compiling results
from an exhaustive literature search of three major databases with
no time limit on publication date; critically appraising the stud-
ies recovered according to their methodology and risk of bias; and
different investigators independently extracting the data from the
studies included.

However, some limitations should also be acknowledged,
including the potential existence of publication bias caused by the
limitations commonly imposed by journals to accept individual
case reports. Most of the information we retrieved came from sin-
gle case reports. The possibility of not recovering all the relevant
information published on esophageal perforation in EoE was mini-

mized by an extensive literature search that also included abstracts
of major gastroenterology congresses. However, a potential under-
reporting of patients who suffered perforation and had poor results
after treatment represents an additional limitation that could bias
our results. The impossibility of combining our results in a meta-
analysis was a final limitation and also prevented exploring possible
publication bias through a funnel plot.

Due to the relatively recent recognition of EoE and its sharp
increase in the last two decades, especially in developed coun-
tries [1], and the long series of cases identified in this systematic
review, we can conclude that esophageal perforation in the context
of EoE should not be considered such a rare complication. Prevent-
ing perforation in EoE requires improved identification and early
diagnosis of patients with suggestive symptoms, treating them
with effective medication or diets to suppress eosinophilic inflam-
mation, and to perform careful endoscopic procedures in case of
active inflammation. If an esophageal perforation occurs, conser-
vative management, following early identification, should always
be the preferred treatment method.
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