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Abstract Esophageal subepithelial activity (ESEA) is an

important determinant of disease severity and complica-

tions in eosinophilic esophagitis (EoE). Inflammation and

fibrosis of the lamina propria and muscularis propria result

in esophageal dysfunction and stricture formation that are

clinically manifest by symptoms of dysphagia and food

impaction as well as the need for esophageal dilation.

Esophageal biopsies that are limited to the evaluation of

the esophageal epithelium are an inadequate means to

assess overall, clinical disease severity in EoE. Instruments

for the assessment of subepithelial activity in EoE are both

limited and/or underutilized and thus represent an impor-

tant unmet clinical need. Studies using endoscopic features,

endoscopic ultrasonography, and barium esophagography

have demonstrated improvement in ESEA parameters with

topical steroid therapy. Impedance planimetry is being

evaluated as an objective and quantifiable measure of

esophageal distensibility that is a consequence of ESEA. In

conjunction with symptom and histologic assessment,

evaluation of ESEA provides a more complete evaluation

of disease activity in EoE that will enhance clinical care as

well as provide insights into the strengths and limitations of

therapeutic interventions.

Keywords Eosinophilic esophagitis � Dysphagia �
Eosinophilic gastrointestinal disease � Esophageal stricture

Abbreviations

EoE Eosinophilic esophagitis

eos/hpf Eosinophils/high-power field

DP Distensibility plateau

GERD Gastroesophageal reflux disease

PPI Proton pump inhibitor

CSA Cross-sectional area

FLIP Functional lumen imaging probe

Introduction

Eosinophilic esophagitis (EoE) is a chronic, immune/anti-

gen-mediated esophageal disease characterized by symp-

toms related to esophageal dysfunction and eosinophil-

predominant esophageal inflammation. In both clinical

practice and clinical trials, disease activity assessment in

EoE centers upon symptoms and histopathology. Symp-

toms as well as disease complications of stricture formation

and food impaction have been more closely associated with

esophageal subepithelial activity (ESEA) than esophageal

mucosal eosinophilic inflammation [1-5]. This concept is

further evidenced by the immediate relief of dysphagia that

occurs in response to esophageal dilation in the absence of

improvement in esophageal mucosal inflammation [6].

ESEA includes lamina propria fibrosis, subepithelial

inflammatory infiltration, esophageal dysmotility, and

esophageal stricture formation. Esophageal biopsies that

sample the esophageal epithelium, therefore, are an inad-

equate means to assess overall disease severity in EoE.

The purpose of this review is to summarize current data

regarding the clinical assessment of ESEA in EoE. Such

evaluation provides a more complete depiction of disease

activity in EoE that enhances clinical care as well as
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provides insights into the strengths and limitations of

therapeutic interventions.

Clinical methods to assess esophageal subepithelial
disease activity in EoE

Esophageal biopsy sampling

Standard esophageal biopsies that sample the esophageal

epithelium are intrinsic to the diagnosis of EoE. In a

prospective placebo-controlled, clinical trial of budesonide

oral suspension, lamina propria deemed adequate for his-

tologic evaluation by a centralized, expert pathologist was

only found in 37% of esophageal biopsies [7]. A retro-

spective report of 30 adult patients compared the yield of

subepithelial tissue using various biopsy forceps [8]. Large

capacity forceps demonstrated subepithelial sampling in

55% compared to 90% for a specialized, ‘‘static jaw’’’ type

forceps. The high yield of the asymmetric forceps’ design

was confirmed in a second retrospective study of 200 adults

where subepithelial tissue was evaluable in 87% [9]. In this

same study, esophageal epithelial eosinophil density only

modestly correlated with subepithelial eosinophilic

inflammation (rho 0.33). In one-third of patients, eosino-

phil density was greater in the subepithelium than the

epithelium. Furthermore, subepithelial fibrosis was

demonstrated in 82%. Evaluation of cases of full thickness

esophageal histology in EoE has demonstrated eosinophilic

inflammation, eosinophil-related mediators, and fibrosis

extending not only into the submucosa but also muscularis

propria (Fig. 1) [10].

A muscular variant of EoE has been described in asso-

ciation with hypercontractile esophageal motility disorders

that include jackhammer esophagus, achalasia and distal

esophageal spasm. Deeper esophageal biopsies by means

of tunnel biopsies or cap-assisted, endoscopic mucosal

resection methods sampling the muscularis mucosa or

muscularis propria demonstrated smooth muscle infiltration

by eosinophils [11, 12]. Sato and colleagues reported a case

series of four patients with hypercontractile esophageal

dysmotility (three with jackhammer and one with nut-

cracker esophagus) that were diagnosed at the time of a per

oral esophageal myotomy [13]. Interestingly, none of the

patients had eosinophils in the epithelium. This group also

reported a patient with normal epithelial but elevated

subepithelial eosinophilia. These cases are similar to early

reports of four patients with a muscular variant of EoE,

three of whom were noted to have normal esophageal

mucosal biopsies but marked eosinophilic infiltration of the

muscularis propria based on tissue obtained at the time of

surgery or endoscopic mucosal resection in one case

[11, 12, 14].

In summary, subepithelial esophageal tissue sampling

methods are providing important insights into the role of

lamina propria and muscularis propria inflammation and

fibrosis in EoE. The data supports the concept of trans-

mural pathologic alterations in eosinophilic esophagitis

that may account for the dissociation between clinical

outcomes and mucosal pathology readouts.

Radiologic imaging

Barium radiography represents a traditional method to

evaluate esophageal structure and function. Early case

series described the association of marked restriction of the

esophageal luminal caliber with EoE, characterized as a

narrow caliber or small caliber esophagus (Fig. 2a) [15].

Additional early case series noted multiple, ring-like ste-

noses spanning lengths of the esophagus were initially

confused with congenital esophageal stenosis but were

subsequently recognized to be a characteristic feature of

EoE (Fig. 2b) [16]. Alexander characterized restriction of

the esophageal diameter in a cohort of adults with EoE,

demonstrating a reduction in esophageal luminal diameters

compared with controls [17]. Studies have demonstrated

Fig. 1 Full-thickness esophageal histology in EoE demonstrates

eosinophilic inflammation in the mucosa, submucosa and muscularis

propria (a). Trichrome staining of the same specimen demonstrated

transmural esophageal fibrosis
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Fig. 2 Narrow caliber

esophagus in EoE can be a

smooth diffuse tapered

appearance (a) or a more typical

‘‘trachealization’’ with distinct

ring-like deformation (b).
Inflammatory features are more

apparent on endoscopic imaging

compared to barium

esophagram (a). With medical

therapy of EoE, inflammatory

features may resolve but

remodeling changes can persist

(b, i pretherapy, b, ii post
topical steroids). Such patients

often require esophageal

dilation to alleviate persistent

dysphagia related to stricture

formation (b, iii)
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the substantial inaccuracy of endoscopists’ assessment of

esophageal stricture in pediatric and adult EoE when

compared with radiologic assessment [18, 19]. In the adult

study, endoscopy had a sensitivity of only 25% for eso-

phageal strictures of less than 16 mm and 33% for stric-

tures less than 14 mm [18]. A second, recent study

comparing endoscopic with radiologic findings in adults

with EoE noted greater detection of strictures but signifi-

cantly lower detection of edema, furrows and exudate with

barium radiography (Fig. 2a, b) [20]. Of note, narrow

caliber esophagus in EoE can be arbitrarily defined as

narrowing less than 18 mm involving greater than 50% of

the esophageal length [21].

Radiologic assessment of ESEA is widely available but

is limited by the inability to control for intraluminal dis-

tension pressure. A small volume of barium with low

intrabolus distension pressure will tend to provide falsely

low estimates of the diameter of an esophageal stricture

since the stiffness of the esophageal wall limits the ability

of the wall to expand. Limited studies have used cross-

sectional imaging modalities such as computed tomogra-

phy (CT) or magnetic resonance imaging (MRI) to char-

acterize the intramural effects of EoE [11, 22].

Endoscopy

Endoscopically detected esophageal features of EoE

include longitudinal furrows, white exudates (plaques),

edema (loss of vascular markings), rings (trachealization),

and strictures (Fig. 2a, b). Prospective studies in EoE have

identified endoscopic abnormalities in over 90% of chil-

dren and adults with EoE [23, 24]. Specific endoscopic

features in patients with EoE have been shown to vary by

age. Younger patients are more likely to have findings of

exudates, furrows, edema whereas adult patients are more

likely to have strictures, rings, narrow caliber esophagus,

and crepe-paper mucosa [24, 25]. Strictures and lumen

compromising rings that are manifestations of ESEA are

commonly identified in adults with EoE but a minority of

pediatric EoE patients. Esophageal strictures are uncom-

monly identified in children (\ 5% of EoE subjects), even

though food impactions occur in up to 30% of subjects

[25]. In adults, strictures defined as a reduction in luminal

diameter to less than 10 mm have been reported in as many

as 38% [26]. As discussed below, studies using barium

radiography or impedance planimetry show a significantly

greater prevalence of esophageal strictures than those using

endoscopy.

Duration of the untreated disease has been associated

with increased risk of endoscopically identified esophageal

stricture, supporting the concept of progressive esophageal

ESEA in EoE that may explain phenotypic differences

between children and adults [2, 26, 27]. The endoscopic

findings correlate with typical clinical presentations that

are characterized by anorexia/early satiety, GERD-like

symptoms and dysphagia in children and dysphagia with

food impaction in adults [3, 28]. These observations sup-

port an important distinction in the prevalence of ESEA

consequences of esophageal eosinophilia in different age

groups and the concept of progressive esophageal stricture

with increasing duration of disease.

A classification and grading system to assess the endo-

scopic findings in EoE has been developed and validated in

terms of inter and intra-observer agreement as well as

responsiveness to medical and dietary intervention [29].

The acronym for the Endoscopic REFerence System,

EREFS, designates the five major features of EoE (Edema,

Rings, Exudates, Furrows, Stricture). This instrument was

created to standardize and grade the endoscopic assessment

performed by gastroenterologists. EREFS is an important

tool that accounts for aspects of subepithelial esophageal

activity that are not currently captured in routine pathology

reports. To emphasize the significance of endoscopically

detected remodeling, the occurrence of food impaction, a

clinically relevant symptom outcome of EoE, has been

shown to be associated with the assessment of ring severity

using the EREFS system (Fig. 3) [2, 3, 30].

In summary, identification and grading of endoscopi-

cally identified esophageal features of EoE detects both

inflammatory and remodeling aspects of disease activity in

EoE. Endoscopic outcomes complement the current use of

symptoms and mucosal pathology as the primary outcome

metrics in clinical trials of novel therapies in EoE. Further

validation of scoring metrics for endoscopic features that

optimize the responsiveness to therapy will enhance their

utilization as a therapeutic endpoint, paralleling the

increasing importance of endoscopic outcomes in inflam-

matory bowel disease.

Endoluminal ultrasonography

Endoscopic ultrasonographic demonstration of the expan-

sion of the muscularis propria was described in an early

case report of an elderly patient with a muscular variant of

eosinophilic esophagitis [11]. A pediatric case series using

an ultrasonography catheter probe demonstrated modest

but significant increases in thickness of the combined

mucosal-submucosa as well as muscularis propria in 11

children with EoE [31]. Straumann utilized endoscopic

ultrasonography in a controlled trial of topical budesonide

and demonstrated significant mural expansion in adults

with EoE [32]. Doubling of the thickness of the mucosa

and a 50% increase in the thickness of the muscularis

propria were found with the most marked difference being

a threefold increase in submucosal thickness. Consistent

with the natural history of EoE being a chronic, progressive
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disease associated with submucosal remodeling, the mag-

nitude of the relative increases in mural thickness demon-

strated in adults is greater than found in children with EoE.

Esophageal manometry

The expansion of the muscularis propria on EUS imaging

as well as reports of dysphagia in EoE in the absence of

identified esophageal stricture has led to the notion that

esophageal motor function may be affected in EoE. Inter-

estingly, the first two cases of ‘‘eosinophilic esophagitis’’

were reported in adults with major esophageal motility

disorders; one having achalasia and the second having

esophageal spasm [14]. These patients would be excluded

from the current definition of EoE due to the presence of a

major esophageal motility disorder and concomitant eosi-

nophilic gastroenteritis but provide evidence for esopha-

geal dysmotility in association with esophageal

eosinophilia [33]. Additional reports of a muscular variant

of EoE include a case in which esophageal resection

specimen demonstrated marked esophageal mural expan-

sion and eosinophilic infiltration with manometric findings

of simultaneous esophageal body contractions with normal

distal latency [11]. Another case report described an adult

with more characteristic endoscopic and mucosal biopsy

features of EoE with manometric findings consistent with

achalasia that improved with systemic corticosteroids [34].

As noted above, a case series from Japan characterized five

patients with hypercontractile esophageal dysmotility

(Nutcracker or jackhammer) with eosinophilic inflamma-

tion of the muscularis propria identified on biopsies

obtained during per oral esophageal myotomy [13]. Of

note, these patients did not demonstrate typical features of

EoE on endoscopy or mucosal biopsies. In contrast to these

reports of increased contractility, other studies in adults

with EoE have demonstrated both hypertensive and weak

peristaltic function in a subset of EoE patients [35, 36].

An investigation of adults utilizing high-resolution

esophageal manometry and Chicago classification system-

atically compared a cohort of 50 patients with EoE, 50

patients with GERD and 50 healthy controls and demon-

strated normal peristalsis in 64%, with 36% demonstrating

nonspecific esophageal motor patterns dominated by weak

and failed peristalsis [37]. While such abnormalities could

contribute to dysphagia, they are not accepted as major

motility disorders due to generally poor correlation with

symptoms. Furthermore, the frequency of these abnormal

patterns was not significantly different from the motility

abnormalities in the cohort of patients with GERD. A novel

finding in this study was abnormal esophageal pressuriza-

tion, characterized by pan esophageal pressurization in

16% and distal esophageal pressurization in 18%. Another

study from Spain substantiated this observation through the

demonstration of pan esophageal pressurization in 48% of

EoE patients and none of a control group [38]. The eso-

phageal pressurization events in EoE may reflect reduced

esophageal mural compliance secondary to the transmural

remodeling demonstrated on EUS imaging or alterations in

motility that may occur secondary to EoE associated

ESEA.

Esophageal motility evaluates esophageal circular

muscle function but does not evaluate longitudinal muscle

function that is responsible for axial movement of the

esophagus. Using high-frequency ultrasonographic imag-

ing, Korsapati and Mittal assessed longitudinal muscle

activity in patients with EoE [39]. Compared with healthy

controls, patients with EoE showed significantly reduced

longitudinal muscle peak thickness as well as duration of

contraction. These results are consistent with longitudinal

muscle dysfunction in EoE. However, an alternate

Fig. 3 (Left) Esophageal ring

severity can be graded as mild

(grade 1), moderate (grade 2), or

severe (grade 3) based on

endoscopic imaging. (Right)

Both self-limited food

impaction (SLFI) and

emergency room visits for food

impaction (% ER visit) increase

with higher degrees of severity

of esophageal rings as

demonstrated on endoscopy [2]
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explanation of the defect identified is that the longitudinal

muscle contractile activity is intact but that transmural

remodeling alterations in EoE mechanically restrict the

ability of the esophagus to shorten. Regardless of the

underlying cause, impaired esophageal shortening can be a

mechanism that limits effective esophageal bolus transport

and thereby contributes to dysphagia and food impactions.

In summary, the available studies evaluating esophageal

motor function in EoE have demonstrated both hypercon-

tractile and hypocontractile esophageal body motor

abnormalities that could impair esophageal bolus transport.

The majority of manometric patterns identified are non-

specific and do not meet criteria for accepted, major eso-

phageal motility disorders. Jackhammer esophagus and

esophageal spasm were specifically identified in patients

with eosinophilic inflammation of the muscularis propria

often without mucosal involvement. In most adults with

EoE, dysphagia is likely the result decreased esophageal

distensibility due to subepithelial inflammation and fibro-

sis. In addition to their possible clinical implications,

manometric deficits in EoE provide important insights

regarding the pathophysiologic effects of ESEA.

Impedance planimetry

ESEA in EoE is inadequately assessed by endoscopy.

Assessment of esophageal mural distensibility utilizing a

impedance planimetry measured by functional luminal

imaging probe (FLIP) is a better approach for quantifying

the functional consequences of ESEA [40]. The FLIP

technology incorporates a multichannel electrical

impedance catheter and manometric sensor surrounded by

an infinitely compliant bag that is filled with an electrode

conducting solution (Fig. 4). As the bag is filled with the

solution, the probe simultaneously measures the esopha-

geal luminal diameter and pressure at multiple points along

the catheter assembly. The resulting pressure–volume

curves provide a detailed interrogation of the distensibility

of the esophageal wall.

Recent investigations have applied FLIP to assess eso-

phageal body biomechanics. Compliance plots were

depicted as volume versus pressure while distensibility

plots were depicted as cross-sectional area (CSA) versus

intra-balloon pressure. Reduced distensibility at higher

balloon pressures was observed leading to the metric of the

distensibility plateau (DP) [41]. The DP, calculated by

polynomial regression, represents the CSA of the esopha-

gus at which increasing intra-luminal distension results in

negligible increases in CSA. The calculation is based on

the axial location within the recording region with the

minimum CSA at a given distension volume. The nar-

rowest CSA is a clinically relevant parameter as it defines

the ‘‘rate limiting step’’ in esophageal bolus transit.

Esophageal distensibility characteristics in eosinophilic

esophagitis (EoE) were first evaluated by Kwiatek et al.

[41]. Distal esophageal body compliance was significantly

reduced in EoE compared with controls. Interestingly, the

compliance curves deviated during initial distension pres-

sures under 20 mmHg but merged at higher pressures.

Distensibility curves for the locus with the minimal CSA

along an 8 cm segment of the distal esophagus demon-

strated significant reductions in the DP in 33 patients with

Fig. 4 Impedance planimetry

recording equipment (functional

lumen imaging probe, FLIP).

The left image shows the FLIP

device which is a portable,

bedside recording instrument

with pump system to allow for

volumetric distension of the

gastrointestinal tract. The right

image depicts the FLIP catheter

that incorporates impedance

electrodes that measure the

cross-sectional area at 16

different longitudinally

separated sites along with

intraluminal pressure within an

infinitely compliant balloon that

fills with an electrode

conducting solution

254 J Gastroenterol (2020) 55:249–260

123



eosinophilic esophagitis compared with 15 controls. The

overall DP was about 50% lower in EoE than controls (259

vs 438 mm2). Although variability in the DP was observed

in both groups, 24 of 33(73%) EoE patients exhibited a DP

of\ 300 mm2, while 10 of 15 (67%) control subjects had a

DP C 400 mm2. Amongst patients with EoE, the DP was

not significantly associated with the degree of esophageal

eosinophilia. This latter observation is consistent with an

important dissociation between esophageal mucosal eosi-

nophilic inflammation and ESEA [42].

The clinical relevance of measurements of esophageal

distensibility in EoE was demonstrated in a study utilizing

impedance planimetry in 70 adults with EoE [3]. Esopha-

geal distensibility curves as well as the DP were signifi-

cantly lower in EoE patients with food impaction compared

to EoE patients without food impaction. During a mean

follow up period of 9 months, reduced esophageal disten-

sibility was associated with the need for esophageal dila-

tion and occurrence of food impaction (Fig. 5). A DP

threshold of 225 mm2 (esophageal diameter of 17 mm) or

less differentiated EoE subjects with food impaction.

Esophageal eosinophilia was again not associated with

food impaction outcomes or distensibility. The lack of

correlation between esophageal distensibility and mucosal

eosinophil density provides several potential insights into

EoE disease mechanisms. Although epithelial eosinophilic

inflammation is used to define one parameter of disease

activity, it may not reflect the degree of submucosal

activity. This is of relevance since the pathogenesis of

remodeling lies largely below the mucosal surface.

Mucosal eosinophilia is likely the harbinger of deeper tis-

sue eosinophilia, as is seen in the LP and muscular layers in

EoE. In turn, eosinophilia travels in conjunction with other

inflammatory cells and mediators that drive fibrosis,

angiogenesis, stenosis, and smooth muscle changes.

Application of impedance planimetry to children with

EoE was recently reported and demonstrated reduced dis-

tensibility as well as association with food impaction [43].

Importantly, the analyses of control pediatric subjects

demonstrated substantial variability in esophageal disten-

sibility by age. This observation is logical given the

expected increase in esophageal size as children grow. It

also emphasizes the need for normative data to allow for

accurate comparisons of disease activity across ages.

A comparison of EREFS and esophageal biomechanical

properties on FLIP demonstrated that increased esophageal

ring severity was significantly associated with reduced

distensibility [30]. This observation implies that ring for-

mation provides a visual estimate of the severity of

underlying esophageal remodeling. On the other hand, the

endoscopic features of exudate and furrows were associ-

ated with esophageal eosinophilia but not distensibility.

The measurement of the DP is restricted to the narrowest

CSA of the interrogated portion of the esophageal body.

Esophageal distensibility topography captures a more

comprehensive representation of the esophageal body [44].

Similar to high resolution esophageal manometric topog-

raphy, the y-axis denotes the vertical distance along the

esophagus whereas the x-axis depicts time during pro-

gressive, volumetric esophageal distension. Color topog-

raphy illustrates the esophageal diameter. The pictorial

representation allows for rapid recognition of patterns

consistent with a focal esophageal stricture (Fig. 6) or

diffuse esophageal luminal narrowing (‘‘narrow caliber

esophagus’’) (Fig. 7). Improvement in esophageal disten-

sibility following medical therapy is readily apparent on

topography (Fig. 8).

In summary, the optimal clinical utilization of impe-

dance planimetry measurements of esophageal body

biomechanics in EoE is still being defined. The technology

provides the most accurate and precise estimates for eso-

phageal mural distensibility. Advantages over the barium

esophagram include the ability to control esophageal dis-

tension pressure. On a practical note, impedance planime-

try can be performed with acquisition times of less than

10 min during a routine endoscopy session, thereby obvi-

ating the need for scheduling a separate radiologic proce-

dure. Most importantly, esophageal distensibility is

significantly associated with the clinically relevant conse-

quences of EoE, including strictures and food impaction.

Thus, esophageal distensibility measurement may serve as

Fig. 5 Impedance planimetry in eosinophilic esophagitis. Distensi-

bility curves plot esophageal cross-sectional area along the most

narrowed segment of the esophagus versus intraluminal distension

pressure. Esophageal distensibility if reduced in EoE patients with

food impaction compared to those without food impaction. This

illustrates the relevance of esophageal subepithelial activity measured

by impedance planimetry as related to clinical outcomes [3]
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an important biomarker of overall EoE activity in the

future.

Effectiveness of therapies for esophageal
subepithelial activity in EoE

Therapeutic options in EoE include medications, elimina-

tion diets and esophageal dilation [45]. Pharmacologic

therapies are commonly used in clinical practice but not yet

approved by the United States Food and Drug Adminis-

tration although several agents are in phase 3 clinical trials.

A tablet formulation of budesonide was approved in 2018

by the European Medicines Agency. The primary end-

points used to judge the efficacy of therapies are symptoms

and esophageal mucosal eosinophilic infiltration [46].

Symptoms are a consequence but indirect and often inac-

curate measure of ESEA.

The benefits of swallowed topical steroids have been

convincing in terms of resolving mucosal inflammation

Fig. 6 Impedance planimetry

topographic plot mapping

esophageal diameters over time

with increasing volumetric

esophageal distension. The

upper plot depicts the upper

16 cm of the esophagus

landmarked to the upper

esophageal sphincter. The lower

plot depicts the lower 16 cm of

the esophagus landmarked to

the lower esophageal sphincter.

This plot demonstrates a focal

stricture in the proximal

esophagus with inner diameter

of 10 mm in a patient with

eosinophilic esophagitis

Fig. 7 Impedance planimetry

topographic plot illustrating

diffuse narrow caliber

esophagus in a patient with

eosinophilic esophagus. With

the exception of the upper 5 cm

of the esophagus, the majority

of the esophagus is less than

14 mm in diameter. The

distensibility plateau in the

distal esophagus is 10 mm
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[45]. Available studies demonstrate heterogeneity regard-

ing improvement in esophageal subepithelial fibrosis with

swallowed topical steroids in EoE. Aceves first described

significant reduction in the severity of fibrosis utilizing

topical budesonide in children with EoE [47]. This obser-

vation was confirmed by two subsequent pediatric series

that utilized diet and topical fluticasone as well as an adult

study using topical budesonide [48-50]. Notably, the

reduction in fibrosis paralleled improvement in epithelial

inflammation. Improvement of fibrostenosis with steroids

has been less consistent in adult studies of EoE. A signif-

icant improvement in esophageal fibrosis using a

histopathologic fibrosis score was demonstrated in a ran-

domized controlled trial of adults following 15 days of

topical budesonide by Straumann [50]. Numerical but not

significant improvement was reported in an uncontrolled,

prospective study following a year of topical fluticasone

[51]. While both Aceves (pediatric) and Straumann (adult)

have shown reduction in TGFb1 expression following

topical steroid therapy, a study of fluticasone demonstrated

decreases only in CCL18 [51]. The ability to improve

fibrotic changes may depend on the degree and duration of

fibrosis, the age of the patient, and formulation of topical

corticosteroid.

Heterogeneity in histopathologic and biomarkers for

subepithelial activity in EoE is also demonstrated in the

clinical outcomes of controlled trials of topical steroids.

Prospective studies in adults with EoE with both topical

steroids have demonstrated symptom improvement but the

persistence of endoscopically detected esophageal features

of fibrostenosis including rings and strictures [50, 52, 53].

Swallowed budesonide significantly reduced esophageal

subepithelial expansion quantified by endoscopic

ultrasonography compared to placebo [32]. Furthermore,

significant reduction in esophageal ring severity was

demonstrated in a placebo-controlled trial of budesonide

oral suspension [52]. Alexander and colleagues found

improvements in esophageal lumen diameter in the subset

of subjects with more restricted pre-treatment esophageal

caliber following short-term topical budesonide [17]. A

retrospective series of adults treated with medical or diet

therapy for EoE demonstrated a significant improvement in

esophageal distensibility, with 44% of patients achieving

an increase in esophageal diameter by more than 2 mm

(Fig. 8) [54]. The data, therefore, supports the ability for

swallowed topical steroids to modestly improve ESEA in a

subset of EoE patients.

Systemic therapy for EoE offers conceptual advantages

over topical therapy with the potential to target subep-

ithelial disease. To date, there have been three randomized

studies in pediatric and adult EoE using anti-IL-5 and two

trials targeting IL-13 and one trial targeting the IL-4

receptor. Decreases in epithelial TGFb1 and tenascin C in

adult subjects were demonstrated with anti-IL5 therapy

[55-57]. Measurement of esophageal distensibility was an

exploratory outcome of a recent phase 2 clinical trial of

dupilumab targeting the IL-4 receptor. The trial demon-

strated a significant increase in esophageal distensibility

with dupilumab in addition to improvements in dysphagia,

eosinophilic inflammation and endoscopic features [45].

Esophageal dilation is a highly effective means of

alleviating symptoms of dysphagia in patients with EoE.

Relief of dysphagia is immediate and associated with sig-

nificant patient-reported satisfaction. Dilation, however,

does not address the underlying inflammatory process

responsible for the development of the stenosis [6].

Fig. 8 Impedance planimetry

topographic plots of the distal

esophagus in patient with

eosinophilic esophagitis before

and after swallowed topical

budesonide administration.

Prior to therapy, the patient

demonstrates diffuse esophageal

narrowing with a distensibility

plateau of 7 mm and absent

peristalsis. Following treatment,

the distensibility plateau

improved to 13 mm with more

global improvement across the

esophageal lumen. In addition,

esophageal peristaltic function

recovered [54]
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Although relief of dysphagia can continue for over a year

following esophageal dilation even in the absence of anti-

inflammatory therapy, EoE is a chronic disease and

symptomatic recurrence is expected in most patients [6].

Retrospective studies have shown that use of medical

therapy to control eosinophilic inflammation was associ-

ated with reduced utilization of esophageal dilation in EoE

[58].

Conclusions

In conclusion, esophageal subepithelial activity (ESEA) in

EoE is responsible for the major clinical symptoms and

complications of EoE. As such, a reduction in ESEA may

be an objective and clinically relevant endpoint of the

therapeutics in EoE. The current emphasis on symptom

outcomes inadequately recognizes the contribution of

subepithelial disease and deemphasizes the importance of

anti-inflammatory benefits in preventing future esophageal

remodeling. Biomarkers and clinical techniques that pro-

vide information on subepithelial activity will more fully

elucidate the potential benefits and limitations of thera-

peutic interventions. Currently available instruments for

assessment of subepithelial activity in EoE are both limited

and/or underutilized and thus represent an important,

unmet clinical need.

Author contributions Drafting of the manuscript (IH); critical

revision of the manuscript for important intellectual content (IH).

Compliance with ethical standards

Conflict of interest Ikuo Hirano: consulting: Adare, Celgene,

Regeneron, Shire, Allakos, Esocap; research funding: Celgene,

Regeneron, Shire. Allakos; Royalties: up to date.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://crea

tivecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. Schoepfer AM, Straumann A, Panczak R, et al. Development and

validation of a symptom-based activity index for adults with

eosinophilic esophagitis. Gastroenterology. 2014;147(6):1255

e1221–66 e1221.

2. Stern E, Taft T, Zalewski A, Gonsalves N, Hirano I. Prospective

assessment of disease-specific quality of life in adults with

eosinophilic esophagitis. Dis Esophagus. 2018;31:4.

3. Nicodeme F, Hirano I, Chen J, et al. Esophageal distensibility as

a measure of disease severity in patients with eosinophilic

esophagitis. Clin Gastroenterol Hepatol. 2013;11(9):1101

e1101–7 e1101.

4. Safroneeva E, Straumann A, Coslovsky M, et al. Symptoms have

modest accuracy in detecting endoscopic and histologic remission

in adults with eosinophilic esophagitis. Gastroenterology.

2016;150(3):581 e584–90 e584.

5. Pentiuk S, Putnam PE, Collins MH, Rothenberg ME. Dissocia-

tion between symptoms and histological severity in pediatric

eosinophilic esophagitis. J Pediatr Gastroenterol Nutr.

2009;48(2):152–60.

6. Schoepfer AM, Gonsalves N, Bussmann C, et al. Esophageal

dilation in eosinophilic esophagitis: effectiveness, safety, and

impact on the underlying inflammation. Am J Gastroenterol.

2010;105(5):1062–70.

7. Collins MH, Martin LJ, Alexander ES, et al. Newly developed

and validated eosinophilic esophagitis histology scoring system

and evidence that it outperforms peak eosinophil count for dis-

ease diagnosis and monitoring. Dis Esophagus. 2017;30(3):1–8.

8. Bussmann C, Schoepfer AM, Safroneeva E, et al. Comparison of

different biopsy forceps models for tissue sampling in eosino-

philic esophagitis. Endoscopy. 2016;48(12):1069–75.

9. Schoepfer AM, Simko A, Bussmann C, et al. Eosinophilic

esophagitis: relationship of subepithelial eosinophilic inflamma-

tion with epithelial histology, endoscopy, blood eosinophils, and

symptoms. Am J Gastroenterol. 2018;113(3):348–57.

10. Rieder F, Nonevski I, Ma J, et al. T-helper 2 cytokines, trans-

forming growth factor beta1, and eosinophil products induce

fibrogenesis and alter muscle motility in patients with eosino-

philic esophagitis. Gastroenterology. 2014;146(5):1266

e1261–1269–1277 e1261–1269.

11. Stevoff C, Rao S, Parsons W, Kahrilas PJ, Hirano I. EUS and

histopathologic correlates in eosinophilic esophagitis. Gastroin-

test Endosc. 2001;54(3):373–7.

12. Benias PC, Matin A, Ascunce GI, Carr-Locke DL. Esophageal

obstruction as a result of isolated eosinophilic gastroenteritis.

Gastroenterol Hepatol (N Y). 2013;9(9):607–10.

13. Sato H, Nakajima N, Takahashi K, et al. Proposed criteria to

differentiate heterogeneous eosinophilic gastrointestinal disorders

of the esophagus, including eosinophilic esophageal myositis.

World J Gastroenterol. 2017;23(13):2414–23.

14. Landres RT, Kuster GG, Strum WB. Eosinophilic esophagitis in a

patient with vigorous achalasia. Gastroenterology.

1978;74(6):1298–301.

15. Vasilopoulos S, Murphy P, Auerbach A, et al. The small-caliber

esophagus: an unappreciated cause of dysphagia for solids in

patients with eosinophilic esophagitis. Gastrointest Endosc.

2002;55(1):99–106.

16. Zimmerman SL, Levine MS, Rubesin SE, et al. Idiopathic eosi-

nophilic esophagitis in adults: the ringed esophagus. Radiology.

2005;236(1):159–65.

17. Lee J, Huprich J, Kujath C, et al. Esophageal diameter is

decreased in some patients with eosinophilic esophagitis and

might increase with topical corticosteroid therapy. Clin Gas-

troenterol Hepatol. 2012;10(5):481–6.

18. Gentile N, Katzka D, Ravi K, et al. Oesophageal narrowing is

common and frequently under-appreciated at endoscopy in

patients with oesophageal eosinophilia. Aliment Pharmacol Ther.

2014;40(11–12):1333–400.

19. Menard-Katcher C, Swerdlow MP, Mehta P, Furuta GT, Fenton

LZ. Contribution of esophagram to the evaluation of complicated

pediatric eosinophilic esophagitis. J Pediatr Gastroenterol Nutr.

2015;61(5):541–6.

258 J Gastroenterol (2020) 55:249–260

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


20. Nelson MJ, Miller FH, Moy N, et al. Comparison of endoscopy

and radiographic imaging for detection of esophageal inflam-

mation and remodeling in adults with eosinophilic esophagitis.

Gastrointest Endosc. 2018;87(4):962–8.

21. Carlson DA, Hirano I. Narrow-caliber esophagus of eosinophilic

esophagitis: difficult to define, resistant to remedy. Gastrointest

Endosc. 2016;83(6):1149–50.

22. Aswakul P, Janyangdikul P, Prachayakul V. Thickened esopha-

gus as an unusual manifestation of eosinophilic esophagitis. Dis

Esophagus. 2016;29(6):681–3.

23. Kim HP, Vance RB, Shaheen NJ, Dellon ES. The prevalence and

diagnostic utility of endoscopic features of eosinophilic

esophagitis: a meta-analysis. Clin Gastroenterol Hepatol.

2012;10(9):988 e985–96 e985.

24. Wechsler JB, Bolton SM, Amsden K, Wershil BK, Hirano I,

Kagalwalla AF. Eosinophilic esophagitis reference score accu-

rately identifies disease activity and treatment effects in children.

Clin Gastroenterol Hepatol. 2018;16(7):1056–63.

25. Straumann A, Aceves SS, Blanchard C, et al. Pediatric and adult

eosinophilic esophagitis: similarities and differences. Allergy.

2012;67(4):477–90.

26. Schoepfer AM, Safroneeva E, Bussmann C, et al. Delay in

diagnosis of eosinophilic esophagitis increases risk for stricture

formation in a time-dependent manner. Gastroenterology.

2013;145(6):1230 e1231–1232–1236 e1231–1232.

27. Koutlas NT, Dellon ES. Progression from an inflammatory to a

fibrostenotic phenotype in eosinophilic esophagitis. Case Rep

Gastroenterol. 2017;11(2):382–8.

28. Aceves SS, Ackerman SJ. Relationships between eosinophilic

inflammation, tissue remodeling, and fibrosis in eosinophilic

esophagitis. Immunol Allergy Clin N Am. 2009;29(1):197–211,

xiii–xiv.

29. Hirano I, Moy N, Heckman MG, Thomas CS, Gonsalves N,

Achem SR. Endoscopic assessment of the oesophageal features of

eosinophilic oesophagitis: validation of a novel classification and

grading system. Gut. 2013;62(4):489–95.

30. Chen JW, Pandolfino JE, Lin Z, et al. Severity of endoscopically

identified esophageal rings correlates with reduced esophageal

distensibility in eosinophilic esophagitis. Endoscopy.

2016;48(9):794–801.

31. Fox VL, Nurko S, Teitelbaum JE, Badizadegan K, Furuta GT.

High-resolution EUS in children with eosinophilic ‘‘allergic’’

esophagitis. Gastrointest Endosc. 2003;57(1):30–6.

32. Straumann A, Conus S, Degen L, et al. Long-term budesonide

maintenance treatment is partially effective for patients with

eosinophilic esophagitis. Clin Gastroenterol Hepatol.

2011;9(5):400 e401–9 e401 e401.

33. Liacouras CA, Furuta GT, Hirano I, et al. Eosinophilic

esophagitis: updated; consensus recommendations for children

and adults. J Allergy Clin Immunol. 2011;128(1):3 e26–20 e26

(quiz 21–22).
34. Savarino E, Gemignani L, Zentilin P, et al. Achalasia with dense

eosinophilic infiltrate responds to steroid therapy. Clin Gas-

troenterol Hepatol. 2011;9(12):1104–6.

35. Lucendo AJ, Pascual-Turrion JM, Navarro M, et al. Endoscopic,

bioptic, and manometric findings in eosinophilic esophagitis

before and after steroid therapy: a case series. Endoscopy.

2007;39(9):765–71.

36. Moawad FJ, Maydonovitch CL, Veerappan GR, Bassett JT, Lake

JM, Wong RK. Esophageal motor disorders in adults with eosi-

nophilic esophagitis. Dig Dis Sci. 2011;56(5):1427–31.

37. Roman S, Hirano I, Kwiatek MA, et al. Manometric features of

eosinophilic esophagitis in esophageal pressure topography.

Neurogastroenterol Motil. 2011;23(3):208 e111–14 e111.

38. Martin Martin L, Santander C, Lopez Martin MC, et al. Eso-

phageal motor abnormalities in eosinophilic esophagitis identified

by high-resolution manometry. J Gastroenterol Hepatol.

2011;26(9):1447–500.

39. Korsapati H, Babaei A, Bhargava V, Dohil R, Quin A, Mittal RK.

Dysfunction of the longitudinal muscles of the oesophagus in

eosinophilic oesophagitis. Gut. 2009;58(8):1056–62.

40. Hirano I, Pandolfino JE, Boeckxstaens GE. Functional lumen

imaging probe for the management of esophageal disorders:

expert review from the clinical practice updates committee of the

AGA Institute. Clin Gastroenterol Hepatol. 2017;15(3):325–34.

41. Kwiatek MA, Hirano I, Kahrilas PJ, Rothe J, Luger D, Pandolfino

JE. Mechanical properties of the esophagus in eosinophilic

esophagitis. Gastroenterology. 2011;140(1):82–90.

42. Hirano I, Aceves SS. Clinical implications and pathogenesis of

esophageal remodeling in eosinophilic esophagitis. Gastroenterol

Clin N Am. 2014;43(2):297–316.

43. Menard-Katcher C, Benitez AJ, Pan Z, et al. Influence of age and

eosinophilic esophagitis on esophageal distensibility in a pedi-

atric cohort. Am J Gastroenterol. 2017;112(9):1466–73.

44. Lin Z, Kahrilas PJ, Xiao Y, et al. Functional luminal imaging

probe topography: an improved method for characterizing eso-

phageal distensibility in eosinophilic esophagitis. Therap Adv

Gastroenterol. 2013;6(2):97–107.

45. Hirano I, Chan E, Rank M, et al. American Gastroenterological

Institute and the Joint Task Force on Allergy-Immunology

Practice Parameters Clinical Guidelines for the management of

eosinophilic esophagitis. Gastroenterology. 2019.

46. Hirano I, Spechler S, Furuta G, Dellon ES. White paper AGA:

drug development for eosinophilic esophagitis. Clin Gastroen-

terol Hepatol. 2017;15(8):1173–83.

47. Aceves SS, Newbury RO, Chen D, et al. Resolution of remod-

eling in eosinophilic esophagitis correlates with epithelial

response to topical corticosteroids. Allergy. 2010;65(1):109–16.

48. Abu-Sultaneh SM, Durst P, Maynard V, Elitsur Y. Fluticasone and

food allergen elimination reverse sub-epithelial fibrosis in children

with eosinophilic esophagitis. Dig Dis Sci. 2011;56(1):97–102.

49. Chehade M, Sampson HA, Morotti RA, Magid MS. Esophageal

subepithelial fibrosis in children with eosinophilic esophagitis.

J Pediatr Gastroenterol Nutr. 2007;45(3):319–28.

50. Straumann A, Conus S, Degen L, et al. Budesonide is effective in

adolescent and adult patients with active eosinophilic esophagitis.

Gastroenterology. 2010;139(5):1526 e1521–37 e1521.

51. Lucendo AJ, Arias A, De Rezende LC, et al. Subepithelial col-
lagen deposition, profibrogenic cytokine gene expression, and

changes after prolonged fluticasone propionate treatment in adult

eosinophilic esophagitis: a prospective study. J Allergy Clin

Immunol. 2011;128(5):1037–46.

52. Dellon ES, Katzka DA, Collins MH, et al. Budesonide oral sus-

pension improves symptomatic, endoscopic, and histologic

parameters compared with placebo in patients with eosinophilic

esophagitis. Gastroenterology. 2017;152(4):776 e775–86 e775.

53. Alexander JA, Jung KW, Arora AS, et al. Swallowed fluticasone

improves histologic but not symptomatic responseof adults with

eosinophilic esophagitis. Clin Gastroenterol Hepatol.

2012;10(7):742 e741–9 e741.

54. Carlson DA, Hirano I, Zalewski A, Gonsalves N, Lin Z, Pan-

dolfino JE. Improvement in esophageal distensibility in response

to medical and diet therapy in eosinophilic esophagitis. Clin

Transl Gastroenterol. 2017;8(10):e119.

55. Assa’ad AH, Gupta SK, Collins MH, et al. An antibody against

IL-5 reduces numbers of esophageal intraepithelial eosinophils in

children with eosinophilic esophagitis. Gastroenterology.

2011;141(5):1593–604.

56. Spergel JM, Rothenberg ME, Collins MH, et al. Reslizumab in

children and adolescents with eosinophilic esophagitis: results of

a double-blind, randomized, placebo-controlled trial. J Allergy

Clin Immunol. 2012;129(2):456 e451–453–463 e451–453.

J Gastroenterol (2020) 55:249–260 259

123



57. Straumann A, Conus S, Grzonka P, et al. Anti-interleukin-5

antibody treatment (mepolizumab) in active eosinophilic

oesophagitis: a randomised, placebo-controlled, double-blind

trial. Gut. 2010;59(1):21–30.

58. Runge TM, Eluri S, Cotton CC, et al. Outcomes of esophageal

dilation in eosinophilic esophagitis: safety, efficacy, and

persistence of the fibrostenotic phenotype. Am J Gastroenterol.

2016;111(2):206–13.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

260 J Gastroenterol (2020) 55:249–260

123


	Clinical relevance of esophageal subepithelial activity in eosinophilic esophagitis
	Abstract
	Introduction
	Clinical methods to assess esophageal subepithelial disease activity in EoE
	Esophageal biopsy sampling
	Radiologic imaging
	Endoscopy
	Endoluminal ultrasonography
	Esophageal manometry
	Impedance planimetry

	Effectiveness of therapies for esophageal subepithelial activity in EoE
	Conclusions
	Author contributions
	Open Access
	References




