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Abstract

Eosinophilic esophagitis (EoE) is a leading cause of food bolus impaction in children and adults. The mechanism of dysphagia
in EoE, particularly non-obstructive dysphagia, remains incompletely understood. While fibrostenotic processes appear to
be critical in the development of dysphagia, somatosensory dysfunction and dysmotility also contribute. This review con-
siders potential mechanisms of dysphagia and evaluates the utility of current and future treatment strategies in this context.
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Introduction

Eosinophilic esophagitis (EoE) is a chronic inflammatory
condition affecting both children and adults, defined by
the presence of > 15 eosinophils per high-power field on
esophageal biopsy [1]. This disorder has become increas-
ingly common in the last two decades, causing significant
morbidity for those afflicted as well as healthcare costs to
society at large [2, 3]. Dysphagia and food bolus obstruction
(FBO) events are the most frequent manifestations of EoE
such that it is now a leading cause of FBO in older children
and adults [4, 5]. FBO results in immediate distress, emer-
gency department presentation, and often hospitalization
for emergent endoscopy and bolus removal [6, 7]. Chronic
dysphagia due to EoE causes lifestyle modifications that are
inconvenient, expensive (changes in diet and medication),
and associated with an increased likelihood of psychiatric
comorbidity including anxiety and depression [8]. The need
for a comprehensive understanding of the pathophysiology
of dysphagia and FBO is thus obvious.
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The pathophysiology of dysphagia in EoE is complex
and multifactorial. Although acute inflammation and struc-
tural narrowing due to inflammatory infiltrate and edema
contribute, chronic luminal narrowing and a decrement in
compliance (distensibility) induced by basal zone hyper-
plasia, muscular hypertrophy, and subepithelial fibrosis
appear to be pivotal to symptom development (Fig. 1). A
dynamic element in the pathophysiology of dysphagia may
also relate to the release of neuroactive mediators from mast
cells and eosinophils causing impaired motility. Discerning
which of these processes predominate is important to guide
further management. A key consideration is the inconsist-
ent relationship between a defined histological response to
therapy (near disappearance of eosinophils at endoscopy
and mucosal biopsy) and symptomatic and/or measured
improvement in esophageal remodeling and function [9-11].
Data suggest that normalization of eosinophil count (the cur-
rent treatment paradigm) may therefore be insufficient, high-
lighting the need to utilize and balance the results of a range
of investigative modalities (as described below) in designing
future therapeutic regimens.

This review explores the pathophysiology, complica-
tions, and treatment of these key contributors to dysphagia
in EoE. While this is not a systematic review, it has been
based largely on a structured interrogation of existing lit-
erature on EoE using Pubmed and Embase, including the
search terms ‘eosinophilic esophagitis' or ‘EoE’ combined
with ‘dysphagia,” ‘endoscopy,” ‘barium,” ‘FLIP, ‘dysmotil-
ity,” ‘achalasia,” ‘manometry,” and ‘sensitivity.” All articles

@ Springer


http://orcid.org/0000-0002-1568-5896
http://orcid.org/0000-0002-1973-6355
http://crossmark.crossref.org/dialog/?doi=10.1007/s10620-022-07419-6&domain=pdf

1102

Digestive Diseases and Sciences (2022) 67:1101-1115

-Epithelium"“

------- Muscularis mucosa---

- -Submucosa...

“Muscularis propria

Fig. 1 Anatomical distortion predisposing to dysphagia in EoE. a:
Normal esophageal layers. B Eosinophilic infiltration throughout all
layers of the esophagus, with increased epithelial thickness, submu-

(including abstracts) that addressed the pathophysiology,
investigations, manifestations, or treatment specific to the
symptom of dysphagia in EoE were considered for inclu-
sion. Reference lists from relevant review articles were also
examined for additional suitable articles.

Mechanisms of Dysphagia
Anatomical Distortion

Tissue remodeling has been well documented in eosinophilic
disorders, leading to long-term complications of disease. In
asthma, mediators released by eosinophils lead to fibrosis
and a progressive irreversible decline in lung function [12].
In hyper-eosinophilic syndrome, eosinophil products such
as major basic protein (MBP) lead to extracellular fibrin
deposition and eventually endomyocardial fibrosis [13].
Similarly, in EoE, chronic eosinophilic inflammation leads
to fibrosis, angiogenesis, hypertrophy, and hyperplasia of
multiple layers of the esophageal wall [13].

Basal Zone Hyperplasia

Basal zone hyperplasia (BZH), most frequently defined
as a basal zone greater than 20% of the total epithelial
thickness, has been demonstrated to correlate with the
severity of mucosal eosinophilia in EoE [14, 15]. In addi-
tion, Whelan et al. [16] found that BZH correlated with
both symptoms and endoscopic disease activity in patients
with histologically ‘inactive’ EoE, proposing that BZH
may therefore be used as a surrogate marker for active
disease given the patchy nature of mucosal eosinophilia.
Multiple factors contribute to the thickening of the epi-
thelial layer seen in patients with EoE. In murine models,
IL-5 or eosinophil-deficient mice do not undergo basal
zone remodeling in response to an EoE-inducing antigen
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cosal fibrosis, muscle hypertrophy and hyperplasia, and submucosal
fibrosis. This figure was created using Servier Medical Art available
at https://smart.servier.com

challenge, implying that eosinophilic mediators are key to
this process [17]. MBP released by eosinophils leads to an
increase in fibroblast growth factor 9 (FGF9) which drives
basal cell proliferation [13]. In addition, plasminogen acti-
vator inhibitor-1 (PAI-1), induced by eosinophilic media-
tors, triggers BZH, while inhibition of PAI-1 has been
demonstrated to reduce basal zone proliferation [18]. Wil-
liamson et al. [18] demonstrated that increased PAI-1 and
BZH (seen more commonly in active EoE than controls)
led to reduced esophageal distensibility (as a surrogate
for dysphagia). BZH also likely contributes to esophageal
narrowing which correlates with dysphagia and food bolus
impaction [19, 20].

Smooth Muscle Hypertrophy and Hyperplasia

Smooth muscle changes have been depicted in studies
using endoscopic ultrasound (EUS) in patients with EoE,
with increased total esophageal wall and muscularis pro-
pria thickness compared to controls [21]. Degranulation
of eosinophils releases toxic cationic proteins and hista-
mine, resulting in continuous and repeated contraction of
the muscularis propria, driving muscle hypertrophy [22].
In addition, degranulation of mast cells in parallel with
eosinophils in EoE releases proteases that drive muscle
cell hypertrophy, as supported by murine models demon-
strating the absence of muscle hypertrophy in mast cell
deficient mice [23]. EUS studies have highlighted the
importance of muscle hypertrophy in the development of
dysphagia in EoE, as dysphagic patients have greater mus-
cularis propria thickness than asymptomatic patients [24].
Smooth muscle hypertrophy of the circular muscle layer
is also hypothesized to underpin ‘trachealization’ which
forms part of the endoscopic reference score (‘EREFS’),
although no endoscopic feature has consistently correlated
with dysphagia in EoE [22, 25].
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Mucosal Vascular Proliferation

Vascular proliferation results in mucosal edema while
concurrently facilitating additional eosinophil recruitment
by increasing vascular permeability [26, 27]. Esophageal
biopsies from patients with EoE exhibit higher levels of
angiogenesis-promoting factors including VEGF, angio-
genin, and IL-8: markers of activated vascular endothelium
and increased vessel density [26—28]. Activated vessels
and neovascularization result in dilated intercellular spaces
and subsequent edema due to vascular leak [13]. Vascular
cell adhesion molecule-1 (VCAM-1) is also more strongly
expressed in vessels of active EoE patients, binding eosino-
philic antigens and facilitating eosinophilic adhesion to the
vessel wall [27].

Fibrostenotic Disease

Though EoE is often referred to as having ‘inflammatory’
and ‘fibrostenotic’ phenotypes; it is likely that the cumula-
tive burden of eosinophilic inflammation over time leads to
the development of progressive fibrostenotic disease [29]. A
number of studies have demonstrated that younger patients
have more inflammatory than fibrostenotic disease with less
dysphagia, while untreated EoE eventually leads to fibro-
sis and stricture formation, correlating with dysphagia and
food bolus impaction, in what is apparent as the endpoint of
chronic inflammation [29-33]. As such, this fibrostenotic
endpoint appears to be the key contributing factor to the
development of dysphagia (Fig. 2).

Subepithelial fibrosis, defined by abnormal collagen
deposition in the lamina propria or submucosa seen on
trichrome staining, has been demonstrated to be central to
the development of dysphagia in children with EoE [34].
In their 2007 study, Chehade et al. reported dysphagia in
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Fig.2 Dysphagia due to hold-up of a food bolus resulting from fibro-
stenotic processes. This figure was created using Servier Medical Art
available at https://smart.servier.com

42% of patients with subepithelial fibrosis (accounting for
57-92% of children with EoE) while there were no patients
with dysphagia in the absence of fibrosis [34, 35]. Fibrosis
does not necessarily correlate with the degree of eosino-
philia, but is more prominent in patients with markers of
eosinophilic activation and degranulation [34]. The under-
lying mechanism of fibrosis likely relates to eosinophilic
release of transforming growth factor beta-1 (TGF-f1)
which is expressed at a higher rate in active eosinophilic
esophagitis [27, 36]. TGF-B1 induces production of extra-
cellular matrix (fibronectin and type I collagen) by esopha-
geal fibroblasts and muscle cells [37]. Murine studies have
confirmed the critical role of eosinophilic inflammation in
driving fibrosis, demonstrating that IL-5 and eosinophil-
deficient mice are protected from experimental pollen-
induced esophageal subepithelial fibrosis [17].

Strictures Esophageal strictures (focal fixed narrowings
of the esophageal lumen) occur in almost 40% of patients
with EoE, likely representing localized areas of subepi-
thelial fibrosis in association with mucosal and muscu-
lar hyperplasia and hypertrophy [30]. The mechanism of
stricture development is believed to be driven by chronic
eosinophilic inflammation with release of pro-fibrotic
mediators, as murine studies have again confirmed the
absence of strictures in eosinophil-deficient mice exposed
to EoE-inducing antigens [38]. Longer symptom duration
prior to diagnosis in patients with EoE is associated with
progressively lower likelihood of isolated inflammatory
findings (edema, exudates, furrows) and increased risk of
stricturing disease [30].

Narrow Caliber Esophagus (Diffuse Fibrosis) Impaired
esophageal dilation in EoE was recognized as early as
2002 and has been associated with higher incidence of
dysphagia and food bolus obstruction [39, 40]. Although
there has been no standardized definition of narrow
caliber esophagus, it is characterized by a diffusely nar-
rowed esophagus (rather than a focal stenosis or stricture)
with a fixed internal diameter or impaired esophageal dila-
tion, either extending the entire length of the esophagus or
skipping segments [40]. Schoepfer et al. [41] highlighted
the importance of esophageal caliber in the development
of dysphagia in patients with EoE, demonstrating a signif-
icant improvement in dysphagia scores after endoscopic
dilation, correlating with an increase in maximal esopha-
geal diameter despite no change in eosinophilia. In support
of fibrostenotic disease (including narrow caliber esopha-
gus) as an endpoint of cumulative eosinophilic inflamma-
tion and subepithelial fibrosis, esophageal caliber does not
change significantly in response to topical steroid therapy
despite resolution of eosinophilia [40].
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Investigation of Anatomical Distortion

Endoscopy Upper gastrointestinal endoscopy (EGD) may
detect luminal narrowing in severe cases due to the inabil-
ity to pass the endoscope, or in causing mucosal or muscu-
lar tears (‘rents’) with scope passage [42]. However, while
focal fibrostenotic changes including esophageal rings and
strictures are detected with reasonable accuracy, EGD has
poor sensitivity for the detection of more diffuse luminal
narrowing [43—45]. Gentile et al. [45] notably demonstrated
the sensitivity of EGD to be as low as 15% for detection
of narrow caliber esophagus; therefore, alternative methods
are required for accurate assessment of fixed luminal nar-
rowing in EoE.

Barium Swallow Barium swallow is useful in delineating
fibrostenotic complications of EoE, including diffuse nar-
rowing. Multiple studies have described rates of barium
swallow abnormalities in patients with EoE (Table 1), with
a reduction in maximal esophageal diameter (to less than
21 mm) in 38-59%, rings in 6-35%, strictures in 10-31%,
and small caliber esophagus (> 8 cm long narrowed segment)
in up to 52% of cases [19, 45-51]. Importantly, Al-Hussaini
et al. [19] found that barium swallow findings predict symp-
tom severity, with food bolus obstruction occurring in 69%
of those with an abnormal barium swallow compared to
8% without. Podboy et al. [47] added further support to the

Table 1 Barium swallow features in EoE

fibrostenotic endpoint of long-term inflammation in their
2016 study that demonstrated an increased risk of strictures
and small caliber esophagus in patients with longer symp-
tom duration at the time of barium swallow.

Functional Lumen Imaging Probe (FLIP) The functional
lumen imaging probe (FLIP) uses high-resolution imped-
ance planimetry to develop three-dimensional images of
the esophageal lumen [52]. FLIP is comprised of a catheter
with a distal overlying balloon which is inflated with saline
and contains electrodes that measure diameter, volume, and
pressure changes [52]. Using these measurements, FLIP is
able to demonstrate the functional impact of esophageal
remodeling and fibrosis, most often represented by the dis-
tensibility plateau (calculated by modeling the ‘pressure to
cross-sectional area’ relationship at incremental volumes
of saline in the balloon) [53, 54]. Patients with EoE have
reduced esophageal distensibility which correlates with
fibrostenotic features seen endoscopically (rings and stric-
tures), increased risk of food bolus obstructions, and higher
rates of future endoscopic dilation [43, 55-61]. A 2013
study by Nicodeme et al. [55, 62] found the distensibility
plateau measured by FLIP to be the only factor on multivari-
ate analysis that independently predicted future food bolus
impaction. Importantly, distensibility on FLIP does not tend
to correlate with mucosal eosinophilia, signifying that dis-

Author/year Study design Patients

Fibrostenotic features

Limited maximal
esophageal dilation

Small caliber
esophagus

Strictures (nar-
rowed segment

Rings (narrowed
segment< 1 cm in

length) 1-8 cm in length)  (narrowed seg-
ment>8 cm in
length)
Muinuddin, 2018  Prospective case— 10 EoE, 22 controls Esophageal diam-  N/A 20% (n=2) N/A
[46] control series eter reduced in
EoE vs controls
(»=0.002)
Al-Hussaini, 2016  Retrospective 26 EoE 38% (n=10) 15% (n=4) 31% (n=38) 19% (n=5)
[19]
Podboy, 2016 [47]  Retrospective 66 EoE 44% (n=29) 35% (n=23) 20% (n=13) 52% (n=34)
Savarino, 2015 [48] Prospective cohort 45 EoE 51% (n=23) N/A N/A N/A
study
Gentile, 2014 [45]  Retrospective 58 EoE 59% (n=34) 26% (n=15) 17% (n=10) 14% (n=38)
defined
as<21 mm
Lee, 2012 [49] Prospective case— 11 EoE, 10 controls 45% (n=5) N/A N/A N/A
control series Median 19 mm vs
24 mm in con-
trols (p=0.004)
Diniz, 2012 [50] Retrospective 107 EoE Not recorded 6% (n="7) 10% (n=11) 4% (n=5)
White, 2010 [51] Retrospective case 10 EoE, 9 controls n=10 (mean diam- N/A N/A N/A

series

eter 14.7 mm)
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tensibility is a measure of remodeling more so than active
inflammation [55, 57, 58].

Dysmotility
Pathogenesis

The dysphagia and resultant FBO that characterize EoE may
relate not only to luminal narrowing and a lack of distensi-
bility induced by inflammation and fibrosis, but also to inco-
ordinate esophageal peristalsis. The abundant eosinophilic
infiltration of the epithelium and lamina propria (Fig. 1) is
demonstrable in deeper esophageal layers including muscu-
laris mucosa and muscularis propria, where mast cells are
also found in active EoE [23, 63]. Generally, routine esoph-
ageal biopsies in patients with EoE target the epithelium
and thus document epithelial eosinophil counts. Although
fragments of lamina propria are not infrequently seen inci-
dentally in biopsies (sufficient for histological evaluation in
up to 37-68% of biopsies), deeper esophageal muscle layers
are rarely sampled [64, 65]. However, esophagectomy speci-
mens from patients with EoE (though obtained in very few
patients in exceptional circumstances) have demonstrated
full thickness eosinophilic infiltration of the esophagus [37,
66-68].

Fibrosis, along with the direct impact of eosinophilic
and mast cell inflammation, is hypothesized to be the pre-
dominant contributors to the dysfunction that is seen in
longitudinal muscles in EoE, highlighted by EUS studies
evaluating real-time muscle contraction during peristalsis
[69]. While fibrosis of deeper muscle layers is difficult to
assess histologically as described above, its role in dysmotil-
ity is extrapolated from other eosinophilic pathology such as
endomyocardial fibrosis leading to end-stage heart failure in
hypereosinophilic syndrome [70]. Additionally, eosinophils
and mast cells have been demonstrated to infiltrate smooth
muscle in EoE and are known to produce TGF-p1, a key
driver of fibrosis [23, 63].

In addition to muscle fibrosis, eosinophils in EoE may
directly impact dynamic esophageal muscle function. Both
eosinophils and mast cells release mediators that influence
muscle function, either by leading to enhanced contraction
(e.g., leukotriene D4, prostaglandin F2 alpha) or relaxation
(e.g., IL-6,1L.-13) [37, 38, 71-73]. Eosinophil degranulation
also results in the production of neurotoxic mediators includ-
ing eosinophilic cationic protein and eosinophil-derived
neurotoxin [74]. Given the established deep infiltration of
eosinophils in EoE, including into the smooth muscle and
myenteric plexus, these mediators are hypothesized to cause
dysfunction and/or destruction of neurons which may con-
tribute to dysmotility [73]. A theoretical framework is there-
fore plausible whereby a disturbance of esophageal motility

results from esophageal neuromuscular dysfunction, in addi-
tion to primarily anatomical distortion [37, 68].

Achalasia in EoE?

The prevalence of dysmotility in EoE, as well as the dem-
onstration of deep tissue eosinophilia facilitating myenteric
plexus destruction, has led to conjecture regarding an asso-
ciation between EoE and achalasia [37, 68]. A recent large
cohort study in the UK demonstrated an association between
achalasia and a history of atopic disorders, supporting a
potential role of eosinophilic disease in the development
of achalasia [75]. A 2013 study of 96 patients undergoing
laparoscopic Heller Myotomy for achalasia found increased
mucosal eosinophilia in 34% (n=17) of patients on endo-
scopic biopsy prior to surgery [76]. Savarino et al. [77]
reported a case of type I achalasia in which > 50 eosinophils
per high-power field were noted on esophageal biopsy, with
complete resolution of symptoms and dysmotility after treat-
ment with prednisolone. Ghisa et al. [78] described a group
of 109 patients with EoE undergoing manometry in which
8 were diagnosed with achalasia. Further investigation of
this association had previously been limited by difficulties
accessing deep tissue specimens in patients with achalasia,
although the increasing uptake of per-oral endoscopy myot-
omy (POEM) presents an opportunity for additional access
for biopsies from muscle layers and myenteric plexus.

Despite this speculation, there is no convincing evidence
of immune-related destruction of neurons in EoE. It is gen-
erally considered a disease amenable to medical treatment,
where restorative remodeling occurs in response to appropri-
ate therapy, unlike achalasia where changes are irreversible
following destruction of the myenteric plexus [79, 80]. It is
possible that there is a rare subgroup of patients with EoE
in whom transmural eosinophilia leads to neuronal destruc-
tion similar to achalasia; however, it is more likely that these
patients have concurrent pathologies (EoE and achalasia)
given the population prevalence of EoE.

Manometry Abnormalities

Both conventional and now solid-state high-resolution
manometry (HRM) platforms have demonstrated a range of
abnormalities in patients with EoE, including abnormal peri-
stalsis, esophagogastric junction outflow obstruction, and
pan-esophageal pressurization (Table 2). Multiple controlled
studies have reported higher mean lower esophageal sphinc-
ter resting pressure in patients with EoE compared to con-
trols [81-83]. Abnormal peristalsis (either weak peristalsis
or frequent failed peristalsis) has been reported in up to 45%
of EoE patients, with a pooled prevalence of 26% across 12
studies including 449 patients (Table 2) [80-91]. The over-
all prevalence of dysmotility in EoE is difficult to ascertain
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Table 2 Features of dysmotility on manometry in EoE

Author/year Study design ~ Patients Abnormal Manometry features
motilit
Y Lower esopha- ~ Weak peri- Frequent Esophagogas- Pan-esoph-
geal sphincter stalsis failed peri- tric junction  ageal pres-
resting pressure stalsis outflow surization
obstruction
Ghisa, 2021 Prospective 109 EoE 38% (n=41) N/A 22% (n=24) 5% (n=5) 4% (n=4)
[78] case series
Hejazi, 2020  Retrospective 14 EoE 57% (n=38) Low 14% (n=2) 14% (n=2) n=0 14% (n=2)
[80] case series (<15 mmHg)
in 2 patients
Von Arnim, Prospective 24 EoE, 23 54% (n=13) 34 mmHg (EoE) 29% (n=17) 4% (n=1) 21% (n=5) N/A
2017 [81] case—control  controls vs 26 mmHg
(controls)
Colizzo, 2016 Retrospective 29 EoE 21% (n=6) N/A 7% (n=2) n=0 7% (n=2) 7% (n=2)
[84] cohort
Nennstiel, Prospective 20 EoE 35% (n="17) Mean 10% (n=2) 5% (n=1) n=0 15% (n=3)
2016 [85] cohort 21.2 mmHg
Van Rhijn, Retrospective 31 EoE, 31 58% (n=18) 12 mmHg (EoE) 29% (n=9) 13% (n=4) 6% (n=2) N/A
2014 [86] case—control  GORD, 31 vs 14 mmHg
controls (controls)
Monnerat,, Prospective 20 EoE 25% (n=5) Hypotensive 15% (n=3) 5% (n=1) N/A
2012 [87] cohort in 1 patient
(4.6 mmHg)
Martin Mar-  Prospective 21 EoE, 21 76% (n=16) 16.2 mmHg 29% (n="6) n=0 48% (n=10)
tin, 2011 case—control  controls (EoE) vs
[82] 12.6 mmHg
(controls)
Moawad, 2011 Retrospective 75 EoE 37% (n=28) N/A 33% (n=25) N/A 4% (n=3)
[88] cohort
Roman, 2011  Retrospective 48 EoE, 50 38% (n=18) N/A 17% (n=8) 10% (n=5) 63% (n=30) 17% (n=38)
[89] case—control  controls
Bassett, 2009  Prospective 30 EoE N/A N/A 17% (n=5) N/A N/A
[90] cohort
Nurko, 2009  Prospective 17 EoE, 13 41% (n=17) 23.7 mmHg 35% (n="6) 6% (n=1) N/A N/A
[83] case—control  GORD, 11 (EoE) vs
controls 19 mmHg
(children) (controls)
Martin Mar-  Prospective 11 EoE 55% (n="6) N/A 45% (n=5) N/A 9% (n=1)
tin, 2008 cohort

(911

due to heterogeneity between studies, but ranges between 21
and 76% [78, 80-91]. This heterogeneity may in part relate
to the difficulties in interpretation of HRM in the context
of the previously described anatomical distortion. Interest-
ingly, as will be discussed in more detail below, abnormal
motility resolves in many cases with medical therapy target-
ing eosinophilic inflammation, indicating that eosinophilic
infiltration contributes to myenteric plexus and/or muscle
dysfunction [78].

However, the relationship between abnormality manom-
etry findings and dysphagia in EoE remains controversial.
Multiple studies have been unable to demonstrate a differ-
ence in symptom scores between patients with or without
abnormal motility on manometry in EoE, though these

@ Springer

studies have been limited by small numbers of patients with
abnormal motility [81, 85, 86]. On the contrary, in their
2009 prospective study utilizing prolonged manometry,
Nurko et al. [83] recorded 21 episodes of dysphagia, all of
which correlated with simultaneous abnormal motor func-
tion. Another prospective study in 2011 found that FBO is
more common in patients with pan-esophageal pressuriza-
tion (p <0.05) [82].

Dysphagia as a Subjective Sensation
There has been inconsistent correlation between objective

findings in EoE and symptom scores. In many studies, objec-
tive measures have correlated with food bolus obstructions
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rather than subjective symptom reporting. For example,
Larsson et al. [9] found no correlation between eosino-
philia and dysphagia symptom scores, but demonstrated
correlation between upper esophageal eosinophil density
and food bolus impactions (p < 0.05). In addition, multiple
studies reporting the use of FLIP in EoE have demonstrated
correlation between reduced distensibility and food bolus
obstructions rather than subjective dysphagia [55, 62]. This
discrepancy suggests the presence of an additional factor
impacting the perception (or lack thereof) of dysphagia in
EoE, which may in part relate to eosinophilia-induced sen-
sory dysfunction.

Physiology of Esophageal Sensation

Noxious stimuli, either chemical, mechanical, or thermal,
activate nociceptive receptors on esophageal neurons and
are transmitted to the central nervous system via spinal and
vagal nerves [92]. While numerous receptors have been iden-
tified, the transient receptor potential vanilloid 1 (TRPV1)
receptor has been most extensively studied. In murine stud-
ies, vagal action potentials in response to mechanical stimu-
lation of the esophagus were weaker in TRPV 1-knockout
than wild-type mice [93]. The role of TRPV1 in esophageal
sensitivity has been demonstrated in gastresophageal reflux
disease (GORD), where patients with symptomatic non-
erosive reflux disease have increased expression of TRPV1
in their esophageal mucosa [94].

Impact of EoE on Esophageal Sensitivity

In EoE, as opposed to GORD, there is a paucity of data per-
taining to sensory dysfunction and its relationship to symp-
toms. It is therefore not known whether these patients may
have a similar pattern of hyposensitivity to that seen in silent
GORD, or perhaps even hypersensitivity as is seen in reflux
hypersensitivity and other non-gastrointestinal eosinophilic
disorders. As clinicians managing many adult patients with
EoE, we are struck by the frequency of FBO as the first
presenting symptom, along with the lack of dysphagia often
hampering enrolment of patients with severe fibrostenotic
disease into clinical trials of promising pharmacotherapies.

An existing template for esophageal hyposensitivity exists
in silent GORD and Barrett’s esophagus, where patients
have reduced sensitivity to acid exposure and mechanical
distention compared to controls [95, 96]. Although this has
not been directly explored in EoE, hyposensitivity could in
part explain the prevalence of FBO as the initial presentation
of EoE in the majority of adults rather than non-obstructive
dysphagia [5, 97-101]. Cumulative eosinophilic inflam-
mation and the neurotoxic effects of released cytoplasmic
granules may eventually lead to sensory neuronal loss or
dysfunction, resulting in a reduction in esophageal sensation,

particularly in those with a longer duration of disease [74].
Proof of concept for this hypothesis exists in the prevalence
of peripheral neuropathy in up to 52% of those with hypere-
osinophilic syndrome [102, 103].

Alternatively, EoE may be associated with eosinophilia-
induced neuronal hypersensitivity as is seen in other eosino-
philic disorders including atopic dermatitis and eosinophilic
asthma [104, 105]. Eosinophils have been demonstrated to
increase neuronal TRPV1 expression in vitro, thereby prim-
ing esophageal neuronal sensitivity to mechanical and chem-
ical stimulation [106]. Interestingly, in children with EoE
the most common presenting symptoms are heartburn and
dyspepsia, lending support to a hypothesis of eosinophil-
induced esophageal hypersensitivity in the setting of pre-
dominantly inflammatory rather than fibrostenotic disease
[107]. Accordingly, discordance between symptom severity
and objective markers of inflammatory or fibrostenotic dis-
ease in EoE may relate to sensory dysfunction, including
either sensory loss from longer term neurotoxicity or hyper-
sensitivity related to eosinophilic inflammation. While this is
currently merely speculation in the context of limited exist-
ing evidence, it is an area worthy of future study in order to
guide targeted therapy for symptoms in EoE.

Management of Dysphagia in EOE

Currently, the treatment of dysphagia in EoE targets either
disruption of the inflammatory process with diet or medi-
cations while anticipating an improvement in luminal nar-
rowing due to positive remodeling, or alternatively treat-
ing fibrostenotic disease mechanically with dilation of the
esophagus when immediate symptom relief is desired [108].
Specific treatments aimed at dysmotility and/or somatosen-
sory dysfunction are yet to be investigated in EoE and thus
are currently not recommended.

Inflammatory Processes

Dynamic inflammatory contributors to dysphagia generally
respond to medical therapy in EoE. Proton-pump inhibitors
(PPIs) are generally recommended as a first-line therapeutic
option, leading to resolution of eosinophilia in up to 50% of
patients [108, 109]. In those non-responsive to PPI, meta-
analyses have established histological remission rates as
high as 90% with topical corticosteroids [110-112]. Mul-
tiple modes of corticosteroid delivery have been described,
including viscous slurries containing fluticasone or budeso-
nide, while oral dispersible budesonide has recently become
available and is associated with histological remission rates
as high as 93% [113-115]. Alternatively, resolution of eosin-
ophilia can be achieved in up to 70% of patients with the
use of an elimination diet [110, 116]. Elimination diets in
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EoE involve varying degrees of restriction, generally includ-
ing elimination of between 2 and 6 food groups (gluten and
dairy, with or without a combination of eggs, soy, nuts and
seafood) followed by gradual reintroduction of individual
food groups to ascertain which food antigens are responsible
for the eosinophilic inflammation [117].

In addition to resolution of eosinophilia, BZH improves
with topical corticosteroids in treatment responders, with a
reduction in esophageal wall thickness demonstrated in EUS
studies [118, 119]. While data are limited beyond resolution
of eosinophilia with elimination diets, BZH did improve in
36% of elimination diet responders in a study by Kagalwalla
et al. [120]. Reduced vascularity, an endoscopic marker of
mucosal edema, has also been demonstrated to respond to
medical therapy [121].

Fibrostenotic Processes

While inflammatory processes respond to medical therapy,
the response of fibrostenotic disease is variable. Early
remodeling and subepithelial fibrosis may improve; how-
ever, a threshold appears to be reached after accumulation
of an extended duration of fibrotic remodeling whereby the
changes no longer respond to medical therapy. This may
account for the persistence of dysphagia in many patients
despite resolution of eosinophilia, highlighting the impor-
tance of fibrostenotic disease as a key driver of dysphagia
in EoE.

Response to Topical Therapy and Elimination Diet

A reduction in profibrotic mediators including TGF-f1,
FGF9, and IL-5 has been found in patients with EoE in
response to topical corticosteroids [36]. In patients with
histological remission as a result of topical corticosteroids,
Straumann et al. [118] also found an improvement in fibrosis
score (p=0.026). In support of this, corticosteroids have
also been shown to increase maximal esophageal diameter
on barium swallow [49]. This reversal of remodeling cor-
relates with a reduction in dysphagia symptom scores with
topical corticosteroids [115, 118, 122, 123]. However, more
advanced fibrostenotic disease may not respond to medical
therapy. Murine studies have demonstrated persistence of
strictures despite withdrawal of the EoE-inducing antigen,
while human studies assessing the EREFS score before and
after treatment have found that strictures and esophageal
rings do not change with topical corticosteroids despite reso-
lution of inflammatory features [38, 121].

There are minimal data regarding the response of remod-
eling to elimination diet; however, patients with resolution
of eosinophilia would be expected to have a similar degree
of regression of remodeling to those treated with topical
therapy. Lieberman et al. [124] retrospectively analyzed
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biopsies from 17 children on elimination diets and found
resolution of subepithelial fibrosis in 3 of 17. Carlson et al.
[61] used EndoFLIP to assess for improvement in remod-
eling in 18 patients with EoE undergoing ‘medical manage-
ment,” of which 6 patients were on elimination diets only.
In this cohort, the distensibility plateau improved from 13.9
to 16.8 mm (p=0.007) although values were not reported
specific to patients on elimination diets.

Response to Systemic Treatment

Systemic therapies for EoE, generally used in the clinical
trial setting, include an expanding range of biologic agents
[108]. Data on these agents (including anti-IL4, IL5 and
IL13 monoclonal antibodies) are limited in the EoE setting
beyond their impact on mucosal eosinophilia and symptoms
[125-127]. However, Hirano et al. [126] demonstrated an
improvement in the distensibility plateau on EndoFLIP fol-
lowing 12 weeks of dupilumab (an IL4 inhibitor). Of note,
dupilumab does result in partial reversal of airway remod-
eling in eosinophilic asthma and therefore may have the
capacity to similarly reverse fibrosis in EoE [128].

Systemic therapies targeting fibrosis are another area for
further research. While there are no clinical trials in human
subjects, pre-clinical studies have demonstrated that thia-
zolidinediones exert anti-fibrotic effects in EoE fibroblasts
activated by TGF-B1, providing a mechanistic foundation
for future studies [129].

Esophageal Dilation

Esophageal dilation targets fibrostenotic components of
dysphagia in EoE without impacting mucosal eosinophilia
[41]. This leads to an increase in esophageal diameter, cor-
relating with symptomatic improvement [41, 130]. A signifi-
cant advantage of dilation is that immediate symptom relief
can be achieved while minimizing the potential for recur-
rent FBOs that may ensue as a result of critical stenoses.
The efficacy of dilation for the relief of dysphagia supports
fibrostenotic disease being the primary driver of dyspha-
gia in EoE. For example, Schoepfer et al. [41] studied dila-
tion in the absence of medical therapy and demonstrated a
significant improvement in dysphagia scores for a median
of 15 months. Further to this, Gentile et al. [45] reported
symptomatic improvement in 7 out of 8 patients who had
persistent dysphagia despite resolution of mucosal eosino-
philia. Nevertheless, the interplay between inflammatory and
fibrostenotic processes in EOE was highlighted by Schupack
et al. [131], who demonstrated a reduction in need for recur-
rent dilation in patients on maintenance medical therapy for
EoE by limiting recurrence of fibrostenotic disease.
Esophageal dilation was initially thought to be a high-
risk procedure in EoE due to the fragility of the esophageal
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Table 3 Efficacy and safety of esophageal dilation in EoE
Author/year  Study design Patients Dilation % patients Safety
method with - - - -
symptom Ches.t pain Deep tear Perforation  Bleeding Hos;.nt;.al
improve- requiring admission
ment medical
attention
Greenberg,  Retrospec- 408 dila- N/A N/A N/A N/A n=0 02% (n=1) N/A
2021 [129] tive cohort tions, 205
patients
Dougherty,  Meta-anal- 2034 dila- N/A N/A 5% N/A 04%—all  0.1% 1%
2017 [130] ysis tion, 977 managed
patients without
surgery
Menard- Retrospec- 68 dilations, Maloney 86% (n=37) 15% (n=10) n=0 n=0 N/A N/A
Katcher, tive cohort 40 patients (72%),
2017 [131] balloon
(28%)
Moawad, Meta-anal- 1820 dila- Balloon 95% 9.3% N/A 0.38% 0.05% 0.67%
2017 [132]  ysis tions, 845 (58%),
patients Savary
(34%),
Maloney
(8%)
Moole, 2017 Meta-anal- 1543 dila- N/A 85% 7% 4% 0.81% 0.4% 0.7%
[133] ysis tions, 809
patients
Al-Hussaini, Retrospec- 19 dilations, Savary 100% n=0 N/A n=0 N/A N/A
2016 [134] tive cohort 10 patients  (100%)
Runge, 2016 Retrospec- 486 dila- Balloon 79% 4% (n=21) N/A n=0 n=0 0.4% (n=2)
[135] tive cohort tions, 164 81%), (n=130)
patients bougie
19%)
Lipka, 2014  Retrospec- 157 dila- Maloney N/A N/A 0.6% (n=1) n=0 N/A 0.6% (n=1)
[136] tive cohort tions, 13 (64%),
patients Savary
(34%),
Balloon
2.5%)
Ukleja, 2014 Retrospec- 28 dilations, Balloon N/A N/A 4% (n=1) n=0 N/A n=0
[137] tive cohort 22 patients (86%),
Savary
(14%)
Moawad, Meta-anal- 992 dila- Balloon 75% 5% N/A 0.3% 0.1% 1%
2013 [138]  ysis tions, 525 (50%),
patients Savary
(45%),
Maloney
(5%)
Jung, 2011 Retrospec- 293 dila- Balloon N/A N/A 9% (n=27) 1% (n=3) 03% (n=1) N/A
[139] tive cohort tions, 161 (74%), —all
patients Savary managed
(26%) without
surgery
Jacobs, 2010 Systematic 671 dila- N/A N/A N/A N/A 0.1% N/A N/A
[140] review tions, 468
patients
Schoepfer, Retrospec- 207 patients ~ Savary 67% N/A N/A n=0 n=0 N/A
2010 [41] tive cohort (78%), (n=139)
Balloon
22%)
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Table 3 (continued)

Author/year  Study design Patients Dilation % patients Safety
method with - - - -
symptom Ches.t pain Deep tear Perforation Bleeding HOSPIt{il
improve- requiring admission
ment medical
attention
Dellon, 2010 Retrospec- 70 dilations, Balloon 83% 4% (n=3) 3% (n=2) n=0 n=0 N/A
[126] tive cohort 36 patients  (83%),
Savary
(17%)

wall, with rates of perforation and hospitalization for chest
pain reportedly as high as 5% and 7%, respectively [132].
However, esophageal dilation has subsequently been
demonstrated to be a safe and effective procedure for the
management of dysphagia in the context of fibrostenotic
disease (Table 3). Multiple studies (including large meta-
analyses) have now reported perforation rates as low as
0-1%, with all cases of perforation able to be conserva-
tively managed without surgery [41, 130, 133—144]. While
some degree of chest discomfort is common after dilation
in EoE, significant chest pain requiring medical attention
occurs in only 5-9.3% of patients according to meta-anal-
yses [134, 136, 137, 142]. In regard to efficacy, recent
studies have demonstrated an improvement in symptoms
after dilation in 85-95% of patients [135-137].

Dysmotility

There are limited data available to guide the treatment of
motility disorders in EoE. If one considers that dysmotil-
ity may result from neuroactive mediators released from
inflammatory cells (eosinophils and/or mast cells), then
reducing the inflammatory burden with diet and/or medi-
cations (see above) would be expected to improve motility
to some degree. Pharmacotherapies that induce smooth
muscle relaxation such as calcium channel blockers (e.g.,
nifedipine), nitrates (e.g., glyceryl trinitrate), or phospho-
diesterase inhibitors (e.g., sildenafil) have not been trialed
in EoE. Further research is therefore needed.

Motility disorders (even including achalasia) in patients
with EoE have been demonstrated to respond to EoE-spe-
cific treatment in some cases [80, 145, 146]. Ghisa et al.
[78] described 8 patients with EoE and achalasia, of which
3 had resolution of dysmotility after treatment with pro-
ton-pump inhibitors or topical corticosteroids. However, if
dysmotility persists despite treatment of EoE, traditional
achalasia therapies appear to remain effective. In the pre-
viously mentioned study by Ghisa et al. [78], the remain-
ing 5 patients were successfully treated with pneumatic
dilatation (3 cases) and/or laparoscopic Heller myotomy
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(3 cases). A 2018 case report also described successful
per-oral endoscopic myotomy (POEM) in a patient with
EoE and achalasia with ongoing dysmotility despite his-
tological resolution of eosinophilia [147]. Of note, a 2013
study on Heller myotomy, in which 17 of 50 patients had
esophageal eosinophilia prior to the procedure, found no
impact of eosinophilia on clinical response to surgery [76].
However, caution should be applied when considering EoE
as a cause of achalasia, as other potential explanations
include coincidental concurrent existence of both disor-
ders, or even the inaccuracies of manometry studies in the
presence of a distorted esophagus in EoE.

Conclusion

The development of dysphagia in EoE is multifactorial;
however, seems to be primarily a result of fibrostenotic
disease rather than eosinophilic inflammation. Discerning
if dysphagia (defined as a subjective sensation of difficulty
swallowing) results from anatomical distortion, aberrant
peristalsis or even hyper- or hyposensitivity to stimulus in
a diseased esophagus is challenging. Accordingly, optimal
management of dysphagia in EoE should include address-
ing inflammatory processes with medical therapy, while
concurrently treating fibrostenotic disease with dilation
when severe chronic fibrotic remodeling has occurred
or immediate symptom relief is required. Dysmotility in
EoE is less well understood, though appears responsive
to medical therapies targeting EoE, or endoscopic and/or
surgical interventions where medical therapy fails. Further
investigation of the pathophysiology driving dysphagia in
EoE may be the key to unlock targeted symptom-based
therapies for this highly prevalent disorder.
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