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Abstract

Studies in children with eosinophilic esophagitis (EoE) have reported esophageal strictures but none have examined risk factors associated 
with strictures. 

Aim: To assess risk factors associated with strictures in children with EoE. 

Methods: In this retrospective study, children with EoE seen over 20 years were separated into two groups; with and without strictures. 
Physical features, CBC, endoscopic fi ndings, and biopsy of the distal and mid-esophagus were captured. Statistical signifi cance with p - value and 
multivariate logistic regression was done. 

Results: Total patients 222 and 20 (9.1%) had strictures. Mean age of stricture patients 12.7 years (range 7-18) and non-stricture 9.3 years 
(range 1-17) (p = 0.006). Among stricture patients following were prevalent and signifi cant; dysphagia (stricture 100% vs. non-stricture 41.6%, 
p = 0.0005) and food impaction (70.04% vs. 4%, p = 0.0005); EGD: rings and exudates were strongly associated with stricture, 45.0% vs. 4.5%, 
p = 0.0005 and 60% vs. 30.7%, p = 0.008, respectively. Abdominal pain was lower in the stricture group (5% vs. 31.2%, p = 0.017). Eosinophil 
counts were numerically more in the stricture group but not signifi cant. Multivariate logistic regression confi rmed that strictures are likely to 
occur among patients with dysphagia (p = 0.02, OR = 11.7, 95% LCL 2.0) and food impaction (p = 0.0001, OR = 80.9, 95% LCL 15.4), respectively, 
adjusted for age and gender. 

Conclusion: EoE children with dysphagia or food impaction have a higher chance of having an esophageal stricture. These EoE children 12 
years or over with exudates or rings on endoscopy, should be treated and carefully monitored, to reduce the risk of stricture formation.

10/100,000 per person-year and the prevalence ranges from 
0.2 to 43/100,000 [6]. With antigen insult to the esophagus, 
eosinophilic inϐlammation begins in the peripapillary area 
within the deep mucosal layers of the esophagus and then 
progresses to the superϐicial layers. Basal zone hyperplasia 
and lengthening of lamina propria papillae are secondary 
changes to the antigen insult and increase with the duration 
of the insult [7]. Degranulation of eosinophils with cytotoxic 
and cytokine release is another mechanism of inϐlammation. 
This results in the desquamation or degeneration of cells, 

Introduction
Eosinophilic esophagitis (EoE) is a chronic, immune-

mediated disease, associated with eosinophilic inϐlammation 
of the esophagus [1-3]. Since its description more than 30 
years ago, the worldwide incidence and prevalence of EoE 
have increased rapidly, and is considered a common disease 
in developed countries [4]. The prevalence according to 
prior studies in adults ranges from 78 to 111 per 100,000 
people [5]. In children the incidence of EoE varies from 0.7 to 
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mobilization of more eosinophils, and tissue remodeling 
with consequential ϐibrosis. Several mediators released 
from inϐlammatory cells are involved in driving esophageal 
remodeling in EoE, with a particular role for transforming 
growth factor TGF -β1 similar to that observed in airway 
remodeling associated with bronchial asthma [8-10]. In 
addition to TGF -β1 signaling, other mechanisms involved in 
EoE remodeling include epithelium-mesenchymal transition 
and angiogenesis [11,12]. This ongoing remodeling due 
to persistent inϐlammation in EoE may adversely affect 
esophageal function, leading to dysmotility, esophageal 
rigidity, and, ϐinally esophageal stricture formation [13]. 

Recently, three phenotypes of EoE have been described 
with diverse endoscopic features: inϐlammatory (white 
exudates and/or furrows), ϐibro-stenotic (rings and/or 
strictures which may be focal or involving a longer segment), 
and mixed type inϐlammatory/ϐibro-stenotic (with combined 
features) [14,15]. Esophageal strictures in adults are grouped 
into a short segment, narrow caliber, and extremely narrow 
caliber esophagus depending on the length of involvement and 
degree of narrowing [15]. Previous studies in children with 
EoE, including ours, have described characteristic features 
and outcomes of the ϐibrostenotic phenotype of EoE and its 
subgroups [16-18]. However, none have examined risk factors 
associated with esophageal strictures in children with EoE. 

Aim

The purpose of this study is to compare clinical features, 
endoscopic ϐindings, histology, and treatment of EoE in 
pediatric patients with and without esophageal strictures to 
determine risk factors associated with the development of 
strictures.

Methods
In this retrospective study, all children and adolescents 

with EoE seen over a period of 20 years (01/2001 and 
04/2021) were included. Diagnosis of EoE was conϐirmed 
as follows: esophageal biopsy with 15 or more eosinophils/
HPF, no increase in eosinophils in the stomach or duodenum, 
with a symptom of esophageal dysfunction with a negative 
esophageal pH study (Bravo, Given Imaging, USA) and pre- 
endoscopy treatment with proton pump inhibitors (PPI-
omeprazole 20 mg - 40 mg or lansoprazole 30 mg – 60 mg/
day) or in accordance with recent Guidelines it was not 
applied. Patients with increased eosinophils in the stomach 
and duodenum, celiac disease, or Crohn’s disease were 
excluded. Diagnostic criteria were consistent with Consensus 
Guidelines which varied over the years spanning our study 
period [1-3]. Patients were divided into two groups: with 
stricture and without stricture. The stricture was deϐined as 
the inability to pass a regular endoscope (Olympus Medical 
Systems Corporation, Tokyo, Japan; outer diameter- 9 mm and 
channel size 2.8 mm) or when passed developed a signiϐicant 
mucosal tear and was included for this study. Same-brand 

endoscopes were used for the study period. Mucosal fragility 
or crepe paper appearance was not taken as evidence of 
stricture [14-16]. Stricture prevalence was calculated within 
the entire study population and within patients presenting 
with dysphagia. 

The following data were collected from the medical 
records: clinical symptoms, physical ϐindings, associated 
allergic diseases, complete blood count with differential, and 
complete metabolic proϐile [19]. Symptoms were queried to 
all patients based on esophageal symptoms, with knowledge 
of variable presentation in children of different age groups 
and including abdominal pain. The duration of the symptoms 
was not captured. Endoscopic ϐindings of strictures, furrows, 
white spots/exudates, concentric rings, and friability were 
also collected. Histological data were based on three to four 
biopsies obtained from the descending duodenum, stomach, 
distal and mid-esophagus. A dysphagia score was assigned 
for applicable patients: absent-0, mild-1, severe-2 [20] and an 
additional score for food impaction- 3 [20,21]. Food impaction 
was deϐined as impacted food requiring endoscopic removal 
or a visit to the emergency department [2]. Peak and mean 
esophageal eosinophil counts at the highest concentration of 
eosinophils per high power ϐield (400x), from the distal and 
mid esophagus, were taken at diagnosis [1-3,21]. Reading of 
the biopsies was done within a group of four pathologists and 
they were trained by the lead pathologist on the interpretation. 
Dilation was performed with Savary-Gillard hollow-centered 
dilators passed over an endoscopically placed guide wire, or 
with balloon dilation via the endoscope. All dilations were 
done by one author (TG) and the endoscopy was done by the 
same author and three others, and all were familiar with the 
interpretation of EoE endoscopic ϐindings. Prior to planned 
dilation the treatment was with topical steroids; ϐluticasone 
880 mcg/day for ages 1 - 10 years and 1760 mcg/day for 
11 - 18 years, in four divided doses, or budesonide 0.5 mg - 1 
mg BID for patients up to 5 feet height and 1 mg - 2 mg BID 
for those over 5 feet, for six weeks. Institutional Review Board 
approval was obtained through Advocate Health Care, Oak 
Brook, Illinois, prior to data collection. 

Statistical analysis

Data were summarized using means/standard deviations 
if normally distributed, medians/interquartile ranges 
for discrete counts, and frequencies/proportions when 
categorical. To compare the stricture versus non-stricture 
group, Student’s t, Mann-Whitney U, Chi-square, or Fisher 
exact tests were used as appropriate for data distribution. 
Multivariate logistic regression was used to estimate the 
exact odds ratio and its 95% lower conϐidence limit (LCL) of 
developing strictures for a risk factor of interest adjusted for 
age and sex. A 2-sided p < 0.05 was determined signiϐicant. 
Analyses were performed using IBM SPSS statistics version 25 
for Windows (IBM, Inc, Somers, NY).
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Results 
A total of 222 EoE patients were seen between 01/2001 

and 04/2021 and within them, 20 (9.1%) patients had 
strictures, all diagnosed at initial endoscopy. The stricture 
prevalence increased to 18.7% within the subgroup of 
patients with dysphagia. Sample demographics and clinical 
features for stricture versus non-stricture patients are given 
in Table 1. The mean age of the stricture patients at EoE 
diagnosis was 12.7 years (range 7-18) compared to the 
non-stricture patients which were 9.3 years (range 1-17) 
(p = 0.006). In two patient’s strictures were “dilated” with 
the gentle passage of the regular endoscope (OD 9 mm) at 
diagnosis and was started on topical steroids three days 
later, when biopsies conϐirmed the diagnosis. The rest of the 
patients were pretreated with topical steroids for 4 - 6 weeks. 
On follow-up endoscopy, post topical steroid treatment 
18 patients required dilation. Among the 20 patients with 
strictures, dysphagia and food impaction were signiϐicantly 
more prevalent: dysphagia was present in 100% of patients 
in the stricture group versus 41.6% in the non-stricture 
group (p < 0.0005) and food impaction was seen in 70% of 
stricture group vs. 4% in the non-stricture group (p < 0.0005). 

Abdominal pain was noted more in the non-stricture 
group versus the stricture group; 31.2% vs. 5% (p = 0.017) 
respectively. Esophageal rings and exudates were seen 
signiϐicantly more in stricture patients compared with non-
stricture patients, 45% vs. 4.5%, (p < 0.0005) and 60% vs. 
30.7%, (p < 0.008), respectively. EGD and biopsy ϐindings 
are given in Table 2. Differences between the stricture and 
non-stricture groups for the remaining symptoms and EGD 
ϐindings were not signiϐicant. Eosinophil counts on biopsies, 
though higher in the stricture group, were not statistically 
signiϐicant. The choice of treatment and associated allergic 
diseases also did not show strong associations with either 
group. Multivariate logistic regression analysis conϐirmed 
that strictures were more likely to occur among those patients 
with dysphagia (p = 0.02, exact OR = 11.7, 95% LCL 2.0) and 
food impaction (p = 0.0001, exact OR = 80.9, 95% LCL 15.4), 
respectively, adjusted for age and gender.

Discussion
Risk factors or determinants of disease are deϐined as 

those factors that lead to the development of a disease and 
are correlational but not necessarily causal [22], Known risk 
factors for the development of EoE are male gender, Caucasian 
race, habitat in colder climates, associated atopic disease, 
certain seasons of the year, early life exposure to antibiotics, 
cesarean delivery, preterm birth, and formula feeding during 
infancy [23]. Familial occurrence within siblings, parents, and 
twins have an increased risk based on gene analysis, but it is 
more likely related to living in a common environment [23]. 
EoE is not a uniform disease and has a number of subtypes 
that may respond differently to usual treatment [4]. It differs, 
according to age, presenting symptoms and inϐlammation, and 
whether the phenotype is inϐlammatory or structuring [24]. 
Current understanding of EoE is that the ongoing eosinophilic 
inϐlammation leads to remodeling, ϐibrosis, and eventually 
strictures [11,12]. Based on this model, EoE patients, if left 
untreated, likely will progress to ϐibrosis and strictures. This 
is supported by a cross-sectional study from Switzerland and 
another study from the USA [25,26] where adults with EoE 
and delayed treatment were more likely to have esophageal 
strictures, speciϐically if the delay in diagnosis was six or more 
years. Within this group of patients less than 20 years of age, 
the delay in diagnosis of EoE was around 10 years. The authors 
postulate the reason for this decade of delay in this mostly 
pediatric population, maybe because parents were concerned 
about having their child undergo an invasive diagnostic 
procedure requiring anesthesia and its associated risks [25]. 
If disease progression and or delay in treatment leads to 
stricture formation, then there should be fewer esophageal 
strictures in children compared to adults. The prevalence of 
strictures in adults varies from 7.7 and 9% based on two large 
EoE patient populations of 1019 and 513, respectively [25,27]. 
Another study by Eluri showed a higher stricture prevalence 
of 28% within a group of 776 EoE adults, although the 
authors did not give an explanation for the higher incidence 
[28]. Similar higher incidence, of 36% was shown in a study 
from the Netherlands [29]. However, in this study, the initial 
cohort of EoE patients was 2161 and the ϐinal analyzed group 

Table 1: Demographics and Clinical Features.

 
Stricture Non-Stricture

 
(n = 20) (n = 202)

n % n % p value
Demographics

Age 12.7 +/- 4.29 9.4 +/- 5.12 0.006*
Male 15 75.0 162 80.2% 0.58++

Presenting symptoms
Dysphagia 20 100% 84 41.6 < 0.0005++

Food Impaction 14 70.0% 8 4.0% < 0.0005++

Abdominal Pain 1 5.0% 63 31.2% 0.017+

Vomiting/ GERD 2 10.0% 49 24.3% 0.18+

FTT 0 0% 4 2.0% 1+

Miscellaneous 0 0% 22 10.9% 0.23+

Associated Allergies# 10 50.0% 79 39.1% 0.34++

GI Bleeding 1 5.0% 2 1.0% 0.25+

#Food allergy, seasonal allergy, atopic conditions *t-Test; ++ Chi-square test; +Fisher's 
extract test

Table 2: EGD and Biopsy Findings.

 
Stricture Non-Stricture

 
(n = 20) (n = 202)

n % n % p value
EGD

Edema 8 40% 52 25.7% 0.17++

Rings 9 45% 9 4.5% < .0005++

Exudates 12 60% 62 30.7% 0.008++

Furrows 11 55% 110 54.5% 0.96++

Stricture 20 100% 0 0 NA
Biopsy at diagnosis (median, 25% ile - 75% ile)

Peak Eosinophil count/hpf 40 26.25 - 79.5 30 25 - 50 0.24°

Mean Eosinophil Count/hpf 35.5 20.63 - 70.88 30 22.5 - 50 0.57°

Distal# 40 21.25 - 78.75 30 25 - 50 0.35°

Mid# 40 17 - 62.25 30 20 - 50 0.44°

++Chi-square test; °Mann-Whitney U test. #Eosinophil/hpf
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was 721 patients, potentially confounding the true stricture 
incidence. Pediatric studies have shown a stricture prevalence 
of 6.3% among a cohort of 381, which is closer to our ϐindings 
of 9.1% and another study with a prevalence of 22% among 
50 EoE children [15,29]. The latter study was done in a region 
of high consanguinity and the authors postulate a genetic role 
may be the reason for the increased stricture incidence. In 
our study, the stricture prevalence was 9.1% among the total 
EoE population. However, our stricture prevalence increased 
to 18.7% when we selectively analyzed the 107 patients 
with dysphagia as the primary symptom, which is similar to 
ϐindings in adult EoE studies with predominant dysphagia. 
These 107 patients were older and so did not include infants 
and toddlers, in whom dysphagia is difϐicult to assess, 
while the younger age group did not have strictures. These 
ϐindings of stricture rate in children, almost similar to adults 
with EoE, raise the question if a delay in treatment leads to 
strictures or whether are there other factors that play a role 
in the development of strictures in children with EoE. Our 
database was designed based on Franciosi’s data collection 
tool, which did not capture the duration of the symptoms at 
EoE diagnosis [19]. Based on the signiϐicant difference we 
found for the age of stricture diagnosis (12.7 years versus a 
non-stricture group of 9.4 years) in single and multivariate 
analyses, we suggest that this age difference may serve as a 
surrogate for the duration of symptoms. Thus, the duration 
of untreated disease may be a risk factor for the development 
of strictures in children. On the contrary, these patients live 
with observant parents or caregivers and so it is less likely, 
given the age group, that these symptoms were overlooked, 
and medical treatment delayed for as long a duration as was 
found in adults. Adults with EoE who self-monitor and make 
adjustments in their eating habits to overcome dysphagia have 
an average duration of symptoms before diagnosis of stricture 
of six or seven years [25,26]. Warners, et al. [29]. Reported 
a difference in the delayed period for stricture diagnosis for 
children (3.6 ± 4 years) compared to adults (7.2 ± 8.3 years). 
Our study conϐirms the age gap between those with and 
without stricture diagnosis was three years. 

Symptomatology also appears to differ in our study of 
children with EoE compared to adult studies. Schoepher, et al. 
[25] showed that in adult patients with strictures, 100% had 
dysphagia compared to 80% in those without strictures. The 
stricture group also had a higher occurrence of food impaction 
(67%). Within our pediatric patients, we found that the 
stricture group reported 100% dysphagia, but only 42% had 
dysphagia in the non-stricture group. This gap was even wider 
with reported food impaction, 70% in the stricture group and 
4% in the non-stricture group, which is a substantial difference 
compared to adult data. Lipka’s study, in addition, to delay 
in diagnosis, looked at the use of aspirin, NSAIDs, tobacco, 
or alcohol in EoE adults with strictures. These on their own 
were not risk factors for strictures but became signiϐicant 
risk factors if in addition to their use there was a delay in the 

diagnosis of more than seven years [26]. Prior studies in adults 
with strictures did not ϐind associated allergic diseases as a 
risk factor for stricture development and our data supports 
the same conclusion. While the co-occurrence of allergic 
disorders can increase blood eosinophilia, its impact on the 
manifestations of EoE including the severity of EoE and /or 
occurrence of stricture formation is difϐicult to establish with 
cross-sectional studies [12]. Gender was not different within 
the groups and there was male predominance in both groups, 
consistent with increased occurrence of EoE in males [1-3,29].

Endoscopic ϐindings in the stricture group had a signiϐicant 
increase in the presence of esophageal rings and exudates, 
which is an observation supported by published data [25-28].

Exudates reϐlect increased eosinophilic inϐlammation 
and so we expected that the stricture group would have a 
higher eosinophil count. However, both groups had increased 
eosinophilic inϐlammation without a signiϐicant difference; 
this included the peak eosinophil count, mean eosinophil 
count, and also comparing distal versus mid-esophageal 
biopsies. Analysis of the types of treatment for both groups 
did not reveal a statistical difference.

While it was logical to expect dysphagia and or food 
impaction in patients with strictures, strikingly, abdominal 
pain was signiϐicantly more common in the non-stricture group. 
This raises the question of whether EoE patients presenting 
with abdominal pain without dysphagia are a different 
phenotypic group of EoE. If so, an interesting hypothesis is, 
would this group be protected from developing esophageal 
strictures? Our earlier study showed that children with EoE 
presenting predominantly with abdominal pain and without 
dysphagia compared to those presenting with dysphagia are 
different forms of EoE [21,30]. We do acknowledge that as per 
the Guidelines younger children present with abdominal pain 
[1,2].

Adult patients with EoE and strictures, ϐit into the 
ϐibrostenotic phenotype as they often have a long-standing 
disease with remodeling. Could this be the same in children 
with EoE and strictures? A study from the network of 
European countries looked at 410 children with EoE and 
only 7 (1.7%) patients required esophageal dilation [32]. 
Within that group of 410 children, 22 (5.3%) children 
required systemic steroids. The same group, in another study, 
from the same database, showed 20 children with esophageal 
strictures were treated with systemic steroids, at a mean dose 
of 1.4 mg/kg. On follow-up endoscopy, after a mean period of 
four weeks, in 19 patients the strictures improved, avoiding 
dilation [33]. This study supports, that strictures in children 
may be primarily inϐlammatory and may not be ϐibrostenotic. 
This conclusion is based on therapeutic response rather 
than evaluating mucosal biopsies for ϐibrosis. In our study, 
only two patients’ strictures improved with topical steroids, 
and these two patients on follow-up required esophageal 
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dilation. The presence of ϐibrosis in mucosal biopsies would 
help differentiate the phenotype of these strictures, but the 
challenge is, in only about 50% of the biopsies are evaluable 
for ϐibrosis. Hence using the novel technique, EndoFLIP, which 
evaluates the esophageal distensibility, in children, would 
help delineate the phenotype of strictures in EoE and should 
be considered for future studies [34]. Within the non-stricture 
group 84 (41.6%) and eight (4%) patients had dysphagia and 
food impaction respectively. Based on our conclusion these 
patients, though had no strictures, are at risk of developing 
strictures. We do not have clear guidelines to predict if they 
will develop strictures, but it’s prudent to follow these patients 
more closely.

Limitations of our study are its retrospective nature and 
the inability to capture the duration of the symptoms prior 
to diagnosis from the medical record. With recent Guidelines 
not requiring prior PPI treatment for a diagnosis of EoE, it 
is possible we may have missed including some patients in 
the study. Our clinic practice of EoE diagnosis was to have a 
negative pH study and most of the study patients belonged 
to this group or were diagnosed with 2018 Guidelines, of not 
requiring PPI pretreatment, so the missed patients may not 
be many. Also, we did not compare the mucosal biopsies for 
ϐibrosis within the groups to differentiate ϐibrostenotic versus 
inϐlammatory strictures or use EndoFLIP. These limitations 
are mitigated by the strengths of the study, which include 
a large and well-characterized cohort of EoE patients, that 
systematically analyzed patients’ symptoms and endoscopic 
ϐindings and histology in both groups. To our knowledge, this is 
the ϐirst study on children to look at the risk factors associated 
with esophageal strictures in children and adolescents with 
EoE.

In conclusion, EoE children and adolescents presenting 
with dysphagia or food impaction, and having exudates and 
rings on endoscopy, should be considered as risk indicators 
for having esophageal strictures compared to those without 
these features. Additionally, pediatric EoE patients typically 
present with strictures after 12 years of age. Thus, we suggest 
EoE children 12 years or older presenting with dysphagia or 
food impaction who have esophageal exudates or rings on 
endoscopy should be treated and closely monitored to reduce 
stricture formation. Additional prospective case-controlled 
studies, with the inclusion of EndoFLIP, are required to 
support or challenge our ϐindings.
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