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INTRODUCTION: Inflammation in eosinophilic esophagitis (EoE) often leads to esophageal strictures. Evaluating

esophageal narrowing is clinically challenging. We evaluated esophageal distensibility as related to

disease activity, fibrosis, and dysphagia.

METHODS: Adult patients with andwithout EoE underwent endoscopy and distensibilitymeasurements. Histology,

distensibility, and symptoms were analyzed.

RESULTS: Patients with EoE had significantly lower distensibilities than controls. We found a cohort with

esophageal diameter under 15 mm despite lack of dysphagia.

DISCUSSION: This study raises concern that current assessments of fibrostenosis are suboptimal. We describe a cohort

with unrecognizedslender esophagus thatwere identified through impedanceplanimetrymeasurements.

This tool provides additional information beyond symptomatic, histologic, and endoscopic assessments.
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INTRODUCTION
Eosinophilic esophagitis (EoE) is an allergic inflammatory condi-
tion characterized by esophageal infiltrationof eosinophils.Natural
history studies suggest that unchecked inflammation ultimately
leads tofibrostenotic disease (1).However, before the onset of frank
strictures, esophageal narrowing is challenging to assess symp-
tomatically due to lifestyle changes such as food avoidance and
prolonged eating. Determining the degree of fibrostenosis is chal-
lenging with esophagogastroduodenoscopy, radiography, and bi-
opsies alone, which allow for limited sampling and assessment of
esophageal diameter (2). Understanding esophageal stiffness,
narrowing, and distensibility requires further modalities.

The endolumenal functional lumen imaging probe (FLIP) pro-
vides novel information on esophageal distensibility. Thus far, limited
studies of adult patients reveal that patients with EoE have lower
esophageal distensibility than control patients (3–5). However, the
relationshipbetweendistensibilityanddiseaseactivitymayvarybyage.
We therefore sought to evaluate the relationship between histologic,
endoscopic, and symptomaticfindings and esophageal distensibility in
adult patients with EoE and to determine the utility of EndoFLIP in
distinguishing “slender” esophagus missed on routine endoscopy.

METHODS
Adult patients with EoE were prospectively recruited at the Hos-
pital of the University of Pennsylvania. Patients were excluded if
they had any anatomic esophageal abnormality unrelated to EoE, a
history of chest radiation, esophageal surgery, motility disorder, or
inflammatory bowel disease. Symptom assessment was performed
on the day of the endoscopy. Control patients with normal esoph-
ageal biopsies were included; most of these patients underwent en-
doscopy for reflux, dyspepsia, nausea, and vomiting. This study was
approved by our center’s institutional review board. All subjects
provided informed consent.

The FLIP EF-322 catheter (Medtronic, Fridley, MN) was used
in this study. The probe was placed transorally and passed to the
esophagogastric junction, as described by Nicodeme et al (4).
Distensibility plateau was defined by the minimal esophageal
body diameter at maximum esophageal distension at an intrabag
pressure of 40 mm Hg using methods described by Menard-
Katcher et al (5). Standard clinical practice biopsies were obtained
after FLIP measurements, and eosinophil counts were assessed by
pathologists. Esophageal biopsies were analyzed using the lamina
propria (LP) scores from the EoE-histology scoring system (6). A
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score of “not applicable/evaluable” was reported for samples con-
taining,35 mm LP thickness or samples where technical artifact
impaired scoring.

Data are presented as mean values6 SEMs or mean values6
SDs and were analyzed by using the 2-tailed Student t test or
ANOVA or the x2 test, where applicable. A P value of less than
0.05 was considered significant. Data were analyzed with the
software package Prism (GraphPad Software, La Jolla, CA). All
authors had access to the study data and reviewed and approved
the final manuscript.

RESULTS
Forty-eight adult patients with EoE and 17 control patients were
enrolled in this study. Patients were predominantlyWhite (92%),
male (56%), and younger than 50 years (88%). Both active and
inactive patients with EoE had a significantly lower distensibility
index compared with control patients (P , 0.05 for active vs
control and inactive vs control) (Figure 1a). Similar to the find-
ings ofNicodeme et al, patientswith active EoE (defined as greater
than 15 eosinophils per high-power field) had similar distensi-
bility measurements as inactive patients (4). Distensibility index
did not correlate with eosinophil counts in patients with EoE

(R2520.06, P5 0.0502) (Figure 1b and c). Patients with a history
of stricture requiring dilation did not have significantly different
distensibility compared with those without, although there was an
overall small population with previous dilation (Figure 2). Strik-
ingly, patients with a history of food impaction requiring endo-
scopic removal or symptoms of dysphagia in the preceding 30 days
did not have differences in their distensibility compared with those
without these factors. We eliminated patients with any critical
narrowing (,10 mm) requiring dilation during the procedure.

In total, 13 of the 48 patients with EoE had an esophageal
diameter less than 15 mm. The diameter of active patients with
EoE ranged from 11.43 to 21.2 mmwhile the diameter of inactive
patients with EoE ranged from 13.77 to 19.98 mm (Figure 1a). Of
the patients with a diameter,15 mm, 6 had no dysphagia, 6 had
no prior food impaction, and 11 had no prior stricture (Table 1).
Comparison of the populations did not show any significant
differences between the population with.15mm esophagus and
those with ,15 mm save for disease activity, although the pres-
ence of rings and trended toward significance. Taken together,
these results demonstrate a population without known compli-
cations, symptoms, or endoscopic findings that has a narrowed
esophagus.

Figure1. (a) Comparison of distensibilitymeasurements in patients with eosinophilic esophagitis (EoE) and control patients. Distensibility is significantly
lower in patients with EoE, but similar between active and inactive patients with EoE. *P, 0.05. (b) Correlation of distensibility and eosinophil count,
R2 5 20.06, P 5 0.0502. (c) Correlation of distensibility and fibrosis score, R2 5 0.0017, P 5 0.8103.

Figure 2. Distensibility of patients with stricture, impaction, and dysphagia. (a) Distensibility of patients with a history of stricture requiring dilation (mean
distensibility 15.2 mm) and those without (mean 16.59 mm), P 5 0.31. (b) Patients with a history of impaction requiring endoscopic retrieval (mean
distensibility 16.17 mm) compared with those without (mean distensibility 16.79 mm), P5 0.4175. (c) Patients with a history of dysphagia in the last 30
days (meandistensibility 16.68mm)comparedwith thosewithout (meandistensibility 16.23mm),P50.486.Redcircles indicatepatientswith esophageal
caliber,15 mm who have no history of stricture, history of impaction, or dysphagia.
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DISCUSSION
In EoE, dysphagia symptoms, histology, and endoscopic ap-
pearance do not necessarily shed light on true diameter. Our data
suggest a group of patients with a slender esophagus (diameter
ranging from10 to 15mm)with no histologic signs of fibrosis and
no frank dysphagia. Using FLIP, we identified patients with a
previously unrecognized slender esophagus and targeted these
patients for more aggressive management and dilation.

This study confirms prior findings in both adult and pediatric
populations showing that esophageal distensibility is decreased in
EoE. Furthermore, it demonstrates that the absence of disease
activity does not necessarily improve distensibility in the adult
population; a finding that stands in striking contrast to the pe-
diatric population (5,7,8). A recent EoE disease severity index has
been published, which focuses on symptoms, eosinophil count,
endoscopic findings, the presence of LP, and the ability to pass a
standard adult upper endoscope (9). Furthermore, it takes com-
plications including emergent food impactions and a history of
dilation into account. Our data reveal an EoE subgroup with an
abnormal esophageal diameter that lacks obvious dysphagia, nar-
rowing, inflammation, or complications. In addition, patients with
a slender esophagus may be clinically indistinguishable from pa-
tients in deep remission due to careful food selection and behav-
ioral adjustments. Thus, it may be challenging to assign a true
disease severity score in these cases without the use of advanced
technology.

Onenewfinding fromour studywas that thedegreeofLPfibrosis
as scored by extent and grade showed no relationship with disten-
sibility.While previous reports determined that the rates of adequate
LP samplingoccur in approximately 50%endoscopieswithbiopsy, if
present, it was believed to be a reliable marker of remodeling in the
subepithelium (2,5).However, our results highlight that there is little
difference in distensibility based on the severity of LP fibrosis.
Therefore, relying solely on LP fibrosis, even when adequately
sampled, may not be sufficient to evaluate subepithelial remodeling
or adequately characterize the EoE phenotype.

This study highlights the dichotomy between dysphagia as-
sessment and esophageal diameter. Simple symptom assessment
does not capture the status of the esophagus. An in-depth un-
derstanding of symptoms with interrogation of eating habits is
required, andmeasurements through impedance planimetrymay
provide a more complete assessment. In this study, we used FLIP
to elucidate a novel cohort of patients with EoE with a slender
esophagus that may be overlooked. These patients may benefit
from dilation and optimization of medical management to im-
prove both quality of life and alter remodeling.
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