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Biomechanics of Esophageal Function in
Eosinophilic Esophagditis
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Eosinophilic Esophagitis (EoE) is a chronic inflammatory disease of the esophagus triggered by an immune response that leads
to symptoms of dysphagia, chest pain, and food impaction. EoE is a clinicopathologic syndrome that requires clinical symp-
toms and pathologic findings for a diagnosis. The inflammatory process and eosinophilic infiltration of the esophagus in EoE
lead to fibrosis and structural changes within the esophagus that cause esophageal dysfunction. The biomechanics of the
esophageal function in EoE have been explored using manometry, impedance planimetry, barium esophagograms, and endo-
scopic ultrasound. These studies have identified several biomechanical changes to the esophagus in EoE including pan-esoph-
ageal pressurization on manometry, changes in esophageal compliance with decreased distentisbility by impedance planimetry,
decreased esophageal luminal diameter by esophagograms, and dysfunction in the esophageal longitudinal muscles by endo-
scopic ultrasound. Treatments for the disease involve dietary changes, immunosuppressive drugs, and dilation techniques.
However, the data regarding the effect of these therapies on altering mechanical properties of the esophagus is limited. As
the pathogenesis of esophageal dysfunction in EoE appears multifactorial, further study of the biomechanics of EoE is critical

to better diagnose, monitor and treat the disease.
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Introduction

Eosinophilic esophagitis (EoE) is an emerging disease char-
acterized pathologically by eosinophilic infiltration of the esoph-
agus and clinically by esophageal dysfunction that manifests as
dysphagia, chest pain, and food impaction.' EoE is a chronic dis-
ease triggered by an immune response to food or environmental
antigens in susceptible individuals. In EoE, the esophagus is in-
filtrated by eosinophils and a variety of structural and functional
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changes occur that lead to symptoms of esophageal dysfunction.
While EoE may present with changes in the endoscopic appear-
ance of the esophagus, the gross endoscopic appearance may be
normal and the diagnosis may be uncovered only by biopsy.”
Despite normal findings on endoscopy, these patients may still
harbor dysfunction in the esophageal body that would impair
body wall mechanics.

The study of EoE is inherently a multidisciplinary field as it
affects both pediatric and adult populations, bridging gastro-
enterology, allergy/immunology and pathology. Recent consen-
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sus guidelines formed through an interdisciplinary panel have the
potential to help standardize the diagnosis going forward.' How-
ever, there has been minimal emphasis on the mechanical end-
points of the disease, which is surprising given that the primary
determinant of symptom generation is focused on mechanical ob-
struction and a reduction in compliance due to inflammation,
edema and fibrosis of the esophageal wall. This review will specif-
ically address the biomechanical aspects of EoE and will focus on
the pathogenesis and management of these perturbations of

esophageal body function.

Clinical Presentation of Eosinophilic
Esophagitis

While eosinophils had been previously described elsewhere
in the gastrointestinal tract as eosinophilic gastroenteritis, the rec-
ognition of isolated eosinophilia within the esophagus associated
with clinical symptoms of dysphagia has only recently emerged as
a unique clinical entity.” In the late 1970s, case reports began to
emerge of individuals with clinical symptoms of esophageal dys-
motility and eosinophilic infiltrate on esophageal biopsy.” In the
1980s, patients with gastroesophageal reflux disease (GERD)
were noted to have eosinophilic esophageal infiltrates.” In 1993,
Attwood et al. described a new clinicopathologic syndrome of in-
traepithelial esophageal eosinophils in individuals with dyspha-
gia, normal endoscopy and normal 24-hour esophageal pH
monitoring. This syndrome was distinct from the eosinophilia re-
ported in GERD and represented the disease that we now know
as eosinophilic esophagitis.7 Since then, the incidence of EoE has
been increasing. While the reasons for the increasing incidence
are not certain, they may be related to increased awareness of the
diagnosis and increased usage of esophagogastroduodenoscopy.”
A prospective 20 year study from Switzerland suggests that the
incidence of EoF. has been increasing, independent of esoph-
agogastroduodenoscopy frequency within the region studied.’
With increasing incidence and limited disease specific mortality,
the prevalence of EoF. is also rising. One theory that may explain
the rise in EoE prevalence focuses on the hygiene hypothesis, or
the idea that improvements in sanitation and treatment of in-
fectious disease have led to decreased exposure to micro-
organisms during childhood and subsequent increased incidence
of allergic or autoimmune processes.'” The disease occurs more
commonly in Caucasians, males, and patients with an atopic his-
tory (eg, asthma, eczema and allergic rhinitis).>""

As a clinicopathologic diagnosis, EoE requires both clinical

findings and specific pathological criteria for a diagnosis. Charac-
teristic histopathologic changes in EoE include eosinophilic in-
filtration, basal zone hyperplasia and subepithelial fibrosis with
increased collagen deposition.'* Clinically, common symptoms
include food impaction, dysphagia, and chest or abdominal pain.
Other conditions that can cause eosinophilic infiltration of the
esophagus including Crohn’s disease, parasitic infection, or
GERD must be excluded for a diagnosis of EoE.” It is partic-
ularly important to distinguish GERD from EoE as some cases
of esophageal eosinophilia are entirely responsive to proton pump
inhibitor (PPI) therapy; current guidelines exclude these patients
from a diagnosis of EoE."”

Pathologically, for a diagnosis of EoE, at least 15 eosinophils
per high powered field (hpf) are required.’ The finding of eosino-
phils in the esophagus is abnormal and their presence should alert
the clinician to search for an etiology.'* However, the presence of
eosinophils in the esophagus is necessary but not sufficient for the
diagnosis of EoFE, ie, there are other causes of esophageal eosino-
philia."” Current diagnostic criteria allow for the diagnosis of
FoFE in individuals with fewer than 15 eosinophils/hpf who have
other abnormalities that are strongly associated with eosinophilic
inflammation, such as eosinophilic microabscesses or extracel-
lular eosinophil granules.' The microscopic changes to the struc-
ture of the esophagus can manifest with gross structural changes
that may suggest a diagnosis of EoE, including esophageal rings,
furrows, whitish exudates or plaques and strictures."”'* Esopha-
geal rings can be fixed (also referred to as “esophageal tracheali-
zation”) or transient (also described as “feline folds”)."* None of
the endoscopic findings is pathognomonic for EoE and the ab-
sence of endoscopic features does not preclude the existence of
EoE at biopsy.' A recent meta-analysis has shown that although
the majority of patients with EoF. have an abnormal endoscopic
appearance, the operating test characteristics of endoscopic
changes alone are inadequate for use as sole diagnostic criteria,
with a sensitivity of only 15%-48%."

Although the diagnosis of EoE is heavily dependent on the
above histologic changes, there is a disconnect between the de-
gree of eosinophilia and symptom severity. Treatment trials have
revealed a poor correlation between symptom response and eosi-
nophil count and thus other factors must be assessed when man-
aging patients with EoE. Given that the primary symptoms of
dysphagia and food impaction are directly related to the degree of
obstruction in the esophageal body, it would seem natural to shift
some attention toward the assessment of the mechanical proper-

ties of the esophageal wall when one is assessing treatment
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outcomes. Although targeting the allergic and inflammatory
process should still be a primary focus for therapeutic inter-
ventions, outcomes for treatment should also focus on improving
the compliance of the esophageal wall and resolving the mechan-

ical obstruction that drives symptom severity.

Mechanisms Which May Alter Body Wall
Mechanics

In susceptible individuals, EoE is triggered by an immune
response to antigens acquired via food (gastrointestinal tract) or
inhalation (“aeroantigens,” via the respiratory tract).13 Recogni-
tion of these antigens by the immune system leads to a series of
cytokine-mediated inflammatory responses resulting in eosino-
philic infiltration of the esophagus and alterations to the structure
of the esophagus with basal zone hypertrophy." The results of
these changes to the structure of the esophagus lead to functional
changes that manifest as the clinical symptoms of EoE.

Fosinophils, myeloid-derived cells named for the prominent
uptake of eosin within their intracellular granules, have been im-
plicated in a variety of processes including defense against para-
sitic infections, asthma, atopic dermatitis and malignancy."” Con-
tained within the eosinophils are four cytotoxic granules that can
cause cell death and tissue damage when released: major basic
protein, eosinophilic cationic protein, eosinophilic peroxidase and
eosinophilic derived neurotoxin.”’ In EoE, an inflammatory re-
sponse is triggered by Th2 cells in response to antigen, leading to
production of IL-5 and IL-13."'* IL-5 activates eosinophils,
which in turn release TGF-[3, which stimulates fibroblasts and
promotes fibrosis.* IL-13 activates esophageal epithelial cells to
upregulate eotaxin-3, a cell surface receptor that attracts eosino-

12,14
Mouse

phils, and is the most highly induced gene in EoE.
models of EoE have been created in which intratracheal I1L.-13
promotes development of esophageal eosinophilia.””

Epithelial mesenchymal transformation (EMT), or the series
of changes in which epithelial cells lose their characteristic prop-
erties (polarity, surface markers and tight junctions etc) and
transform into mesenchymal cells, has been implicated in the
pathogenesis of fibrosis seen in EoE.”” EMT has been described
in chronic disease processes in other organs including the kidney,
liver, and lung and has been found in chronic asthma. The proc-
ess of EMT in EoFE appears to be driven by TGF-f3, suggestive
of an eosinophil-mediated process.” Treatment of the underlying
EoE disease process with immunosuppressants seems to reverse

the progression of EMT, suggesting that some of the patho-

Biomechanics of EoE

genesis of EoE. may be reversible.”

Assessing Esophageal Body Wall
Mechanics

The biomechanical effects of the structural changes asso-
ciated with EoE have been studied using impedance planimetry,
barium esophagograms, manometry and endoscopic ultrasound.
These tools have provided some insight into the pathogenesis of
the disease and will likely provide the foundation for assessing

objective outcomes of treatment.

High-resolution Impedance Planimetry

Kwiatek et al® investigated the measurement of esophageal
wall mechanics by measuring distensibility using the EndoFLIP®
device. The EndoFLIP™ system (or Endoscopic Functional
Luminal Imaging Probe; Crospon Medical Devices, Galway,
Ireland), is a device that utilizes impedance planimetry to de-
termine distensibility within a hollow organ. The device contains
a cylindrical bag that is placed in the esophagus and inflates with
a conductive fluid, allowing simultaneous measurements of cross
sectional areas and intrabag pressures which can be used to de-
termine the distensibility of the esophagus (Fig. 1. Findings
from this study were notable for a decrease in the extent of esoph-
ageal distensibility in patients with EoE versus control patients.”’
FEsophageal compliance was lower in the EoE patient group than
the control group. Interestingly, distensibility was independent of
the degree of esophageal eosinophilia, suggesting that changes to
the structure of the esophagus may occur that are mediated by the
eosinophils but independent of count, making it difficult to grade
clinical severity by pathology alone.” The structural changes un-
derlying the changes in distensibility are likely related to the
EMT promoted by the eosinophils and the Th2-mediated aller-
gic response. Future studies should assess whether the changes in

distensibility will improve with treatment of EoE.

Barium Esophagogram

A group at Mayo Clinic recently investigated esophageal
properties in EoE using barium esophagograms to measure
esophageal diameters.”* At baseline, about half of EoE patients
had a decreased esophageal diameter. With steroid treatment, the
maximal esophageal diameter increased in patients with EoFE who
had decreased esophageal diameters at baseline. Interestingly,
half of the patients in this study did not have evidence of baseline
changes in distensibility, suggesting that distensibility is not the
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Figure 1. EndoFLIP"® distensions. Sample EndoFLIP"® distensions seen in a control subject (A), an EoE patient with a narrowed distal esophagus
(B) and an EoFE patient with a dominant distal esophageal stricture (C). Esophageal distension is displayed as a cylinder of varying diameter which
corresponds to the cross-sectional areas (CSAs) measured by impendence planimetry technique and corresponding intra-bag pressure. The pink dot
represents the narrowest CSA. Response to distention are plotted to right. Adapted from Kwiatek et al.*’
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sole explanation for dysphagia in EoE.** However, this technique
is somewhat limited by the fact that the esophagus is only eval-
uated using one plane and the true compliance or distensibility
cannot be ascertained without a pressure measurement. Thus, it
is unlikely that barium esophagograms will provide a useful
measure of body wall function. However, the technique may be use-

ful in the management of strictures and guiding dilation technique.

Manometry

If structural changes in the esophagus causing alteration in
distensibility do not wholly explain the dysphagia symptoms of
EoE, then perhaps there are changes in motor function as well.
Multiple studies using esophageal manometry to study FoFE have
been published with no clear pathognomonic findings defined for
EoE. In fact, studies have been variable in terms of the findings
seen in eosinophilic esophagitis.

Lucendo etal” found high-amplitude peristaltic waves in the
distal two thirds of the esophagus. In a study using conventional
manometry, Moawad et al*® found evidence of nutcracker esoph-
agus in a subset of patients with EoE. who had the highest mean
eosinophil counts. However, this was a retrospective study look-
ing at only manometry of patients with a diagnosis of EoE and
thus did not have an adequate control group.”® It is also important
to consider the possibility that some of the findings of severe dys-
phagia in individuals with EoF. may be related to a concomitant
motility disorder. Publication of a small case series may mis-
attribute these symptoms to EoE when in fact there is a second
process at work. T'o minimize bias and to control for background
population motility disorders it is important to include a control
group in these studies. In addition, an important clinical question
is whether these manometric findings improve with treatment of
EoE.

In a 2011 study, Roman et al”’ examined high resolution
manometry studies in patients with eosinophilic esophagitis,
GERD patients and asymptomatic controls. This study demon-
strated that increased bolus pressurization occurred more fre-
quently in patients with EoE than in patients with GERD or con-
trol patients. There was an increased frequency of weak and failed
peristalsis in EoE; however, this finding was also seen in GERD
populations. Unique to EoE patients was early pan-esophageal
pressurization, a finding which may be a manifestation of the re-
duced compliance in the esophagus seen by EndoFLIP® studies
(Fig. 2).”’ Using high-resolution manometry in EoFE vs controls,
Martin Martin et al” similarly found a higher incidence of

pan-esophageal pressurization in patients with EoE.

Biomechanics of EoE

In 2011, Savarino et al”’ reported a case of a 22-year-old man
who presented with intermittent dysphagia, found to have normal
endoscopy, manometric findings suggestive of achalasia and
dense eosinophilic inflammatory infiltrate (> 50 eosinophils/hpf
in peak density) on esophageal biopsy. The patient was treated
with prednisolone and his symptoms resolved. Repeat man-
ometry demonstrated normal peristalsis and subsequent biopsies
demonstrated a resolution of the eosinophilic infiltrate.”” These
findings suggest that some features of dysphagia seen in EoE are
directly related to dysmotility. In addition, it raises the possibility
that at least some patients diagnosed with achalasia may have an
underlying diagnosis of EoE and thus may be steroid-responsive.
As in this case, with a normal endoscopic appearance, it may be
important to pursue random biopsies to look for EoE in cases of
idiopathic achalasia as some of the diagnosed cases of achalasia

may actually be secondary to EoF.

Endoscopic Ultrasound

Esophageal manometry primarily measures circular muscle
activity. In EoE patients with normal circular muscle activity but
symptoms of dysphagia something else must structurally be re-
sponsible for the subjective complaints of dysphagia and objective
findings of food impaction. If the endoscopic appearance of the
esophagus is normal and there are no strictures, something else
intrinsic to the esophagus itself could be involved. In addition to

circular muscle, esophageal smooth muscle also contains longi-
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Figure 2. Farly pan-esophageal pressurization pattern. An example of
early pan-esophageal pressurization pattern seen with esophageal
pressure topography, obtained by high-resolution manometry. The
black line outlines an isobaric domain that includes all pressure signals
above 30 mmHg. The early pan-esophageal pressurization is due to a
stiff esophageal wall not expanding to accommodate the volume of liquid
swallowed and this eventually resolves once emptying through a normal
esophagogastric junction occurs. Adapted from Roman et al.”
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tudinal muscle, which has been suggested as a putative culprit for
the symptoms of dysphagia in EoE.

In a landmark 2009 study using simultaneous manometry
and esophageal ultrasound, Korsapati et al’’ demonstrated that
patients with EoE had changes in the function of esophageal lon-
gitudinal muscles that may contribute to dysphagia. While tradi-
tional esophageal manometry primarily measures the function of
circular muscles, Korsapati et al”’ used endoscopic ultrasound to
measure the function of the longitudinal muscles. The results of
the study showed that circular muscle function (based on conven-
tional manometry) was normal in the FoE patients but that longi-
tudinal muscle function was severely diminished in the EoE pa-
tients, as demonstrated by decreased longitudinal muscle con-
traction amplitude and duration. EoE patients were noted to have
dissociation between longitudinal and circular muscle con-
tractions, whereas control patients had synchronous contractions
between longitudinal and circular muscle contractions.” Additio-
nally, Korsapati et al”’ used edrophonium, an acetylcholinesterase
inhibitor, to determine the effects of increased acetylcholine levels
at the neuromuscular junction. Control patients demonstrated an
increase in circular muscle and longitudinal muscle contractions
to edrophonium; EoF patients did not mount the same response.
The authors hypothesized that the likely etiology of the dysfunc-
tion was the longitudinal muscle because the baseline circular
muscle function was normal but a dissociation existed between
the circular and longitudinal muscle function.”

Interesting questions were raised regarding the mechanisms
causing longitudinal muscle dysfunction, the process by which
longitudinal muscle dysfunction causes dysphagia, and the possi-
bility that treatment might reverse the longitudinal muscle dys-
function. Of note, Korsapati et al’” showed in a subset analysis
that three of the EoFE patients who were undergoing treatment
demonstrated lower amounts of longitudinal muscle dysfunction
than those not on treatment; however, the sample size was too
small to make statistically significant conclusions. Further studies
with a larger sample size powered to detect treatment effects
would be useful to further understand the biomechanics of EoE

and response to treatment.

Treatments Focused on Improving Body
Wall Mechanics

Clinically, treatments for EoFE have included dietary avoid-

ance of specific allergens and suppression of the immune re-

sponse using either local steroids or systemic corticosteroid

therapy. The mainstay of therapy for EoE can be remembered by
the “3D’s”: diet, drugs and dilation.” An understanding of the
biomechanical changes of the esophagus is important to under-
stand the ways these therapies work. Dietary therapy using an
elimination diet has been shown to reduce symptoms and reduce
eosinophilic infiltrate of the esophagus, by reducing the antigenic
stimulus to the Th2-mediated response.” Drug therapies attempt
to interrupt the inflammatory cascade using systemic glucocorti-
coids, localized steroids (swallowed or inhaled) and biologic
agents.”’ Mepolizumab, a monoclonal antibody against IL-5, has
been shown to reduce esophageal eosinophilia in pediatric pa-
tients with EoE.>* In a mouse model of EoE, monoclonal anti-
bodies to IL.-13 were shown to interfere with I1.-13 mediated
promotion of EoF. pathogenesis, but the drug is not yet in clinical
trials in humans.”® Although these treatments will reduce the in-
flammatory process, there is little evidence to support that they
directly treat the obstruction or strictures associated with EoE.
The only therapy that directly targets treating the underlying
obstruction is dilation therapy. Mechanical esophageal dilation
therapy has been used successfully in patients with strictures in
EoE, although medical therapy is generally preferred as first line
therapy due to concerns of increased friability of the mucosa in
FoF and concerns about an increased risk of perforation.33 A sys-
tematic review has shown that the incidence of true perforation is
rare.”* While post-procedural pain is common in the short run,
the majority of patients with EoE who undergo dilation experi-
ence improvement in their symptoms of dysphagia.”® The most
significant limitation of dilation therapy in FoF. is that it does not
appear to affect the underlying immunopathogenesis of the
disease.” As a clinicopathologic syndrome, it is important to care-
fully consider the endpoints used in clinical trials and differ-
entiate between clinical improvement in symptoms and histo-
pathologic changes of decreased eosinophilia on biopsy. A com-
bined treatment approach that addresses factors that trigger the
disease (diet), interrupts pathogenesis (drugs) and improves struc-
tural complications (dilation) may be needed to fully treat the dis-
ease and prevent worsening fibrosis and mechanical abnor-

malities.

Conclusion

EoE is an important emerging disease. The most important
symptoms of EoE are food impaction and symptoms of dys-
phagia. Inflammatory changes that occur in EoE lead to esoph-

ageal fibrosis and an alteration of the biomechanical properties of
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the esophagus that can predispose to dysphagia and impactions.
Studying mechanics should be a major focus of research into
EoE as the predominant symptoms of EoE are directly related to
changes that occur secondary to remodeling of the esophagus, in-
cluding compliance and possibly motor function.

In this paper, we have reviewed some of the literature discus-
sing esophageal biomechanics in EoE. Studies have explored the
properties of the esophagus using a variety of techniques includ-
ing manometry, endoscopic ultrasound, barium esophagograms
and impedance planimetry. These studies have helped to eluci-
date the mechanisms of esophageal dysfunction seen in EoE from
the cellular level to the endoscopic appearance of the esophagus.
Diagnosis of EoF. is challenging because it requires a combina-
tion of clinical and pathologic features and there is no one patho-
gnomonic diagnostic test. An understanding of the cellular, mo-
lecular and genetic basis for the immunopathogenesis of EoF is
important to help develop treatments that can interrupt the proc-
ess by targeting key components of the inflammatory cascade.
Measuring the biomechanics in EoE may be important to help
determine objective surrogate endpoints for clinical trials of
therapies as reliance upon symptom scoring alone or eosinophil
count for response to treatment may ignore the most important
underlying mechanism for symptoms. We believe EoE should be
conceptualized similar to Crohn’s disease where the presenting
phenotypes may be dominated by either fibrostenotic changes or
inflammatory changes. These phenotypes would likely require
different approaches and an assessment of mechanics could help

tailor therapy.
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