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uring the last decade, clinical practice saw a rapid
ncrease of patients with esophageal eosinophilia who
ere thought to have gastroesophageal reflux disease

GERD) but who did not respond to medical and/or
urgical GERD management. Subsequent studies dem-
nstrated that these patients had a “new” disease
ermed eosinophilic esophagitis (EE). As recognition of
E grew, so did confusion surrounding diagnostic cri-

eria and treatment. To address these issues, a multidis-
iplinary task force of 31 physicians assembled with the
oal of determining diagnostic criteria and making rec-
mmendations for evaluation and treatment of chil-
ren and adults with suspected EE. Consensus recom-
endations were based upon a systematic review of the

iterature and expert opinion. EE is a clinicopathologi-
al disease characterized by (1) Symptoms including but
ot restricted to food impaction and dysphagia in
dults, and feeding intolerance and GERD symptoms in
hildren; (2) > 15 eosinophils/HPF; (3) Exclusion of
ther disorders associated with similar clinical, histo-

ogical, or endoscopic features, especially GERD. (Use
f high dose proton pump inhibitor treatment or nor-
al pH monitoring). Appropriate treatments include

ietary approaches based upon eliminating exposure to
ood allergens, or topical corticosteroids. Since EE is a
elatively new disease, the intent of this report is to
rovide current recommendations for care of affected
atients and defining gaps in knowledge for future re-
earch studies.

osinophilic esophagitis (EE) is a disease of the esoph-
agus that has become increasingly recognized in chil-
ren and adults over the last decade. It is a clinicopathologic
isorder characterized by a dense esophageal eosinophilia
ith severe squamous epithelial hyperplasia generally oc-

urring in association with upper gastrointestinal symp-
oms, primarily esophageal. In EE, the gastric and duo-
enal mucosae are normal. The esophageal abnormalities
o not respond to treatment with high-dose proton
ump inhibitor (PPI) therapy.
Although an increasing number of children and adults

re presenting with EE, few controlled trials have been
erformed to guide management. As a result, clinical
ractice is largely based on limited data and expert opin-

on. This review was conducted in preparation for The
irst International Gastrointestinal Eosinophil Research
ymposium held in Orlando, FL, on October 17 and 18,
006. The clinical recommendations made herein are
ased on a systematic review of the published literature
nd on expert opinion in which there are gaps or con-
roversy. The purpose of this review is to document the
urrent state of knowledge in EE and to determine how
o advance the field by expanding knowledge and defin-
ng priorities and strategies for future research.

Definition
A number of names and acronyms have been

pplied to this disease, including the following: eosino-

Abbreviations used in this paper: EDN, eosinophil-derived neuro-
oxin; EE, eosinophilic esophagitis; eos/HPF, eosinophils per high-
ower field; GERD, gastroesophageal reflux disease; PPI, proton pump

nhibitors.
© 2007 by the AGA Institute and North American Society of Pediatric

Gastroenterology, Hepatology, and Nutrition
0016-5085/07/$32.00
doi:10.1053/j.gastro.2007.08.017
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hilic esophagitis (EE and EoE), primary eosinophilic
sophagitis (PEE), allergic eosinophilic esophagitis (AEE),
nd idiopathic eosinophilic esophagitis (IEE). For the
urposes of this review, we will use the acronym EE.
efining EE presents some problems because the pre-

enting symptoms are similar to those of gastroesopha-
eal reflux disease (GERD) and include heartburn, chest
ain, feeding intolerance, dysphagia, odynophagia, and
ood impaction. However, although GERD may coexist
ith EE, the symptoms and pathologic features intrinsic

o EE do not respond to acid suppression treatment.
lthough basal cell hyperplasia of esophageal mucosa
ften occurs in EE, as it does in GERD, the distinguish-

ng primary histologic feature of EE is a striking eosin-
philia of esophageal mucosa, often with eosinophil mi-
roabcesses.

However, esophageal eosinophilia is not exclusively
ound in EE. Among other diseases that are associated
ith esophageal eosinophilia are GERD, Crohn’s disease,

ollagen vascular disease, infectious esophagitis (herpes,
andida), drug-associated esophagitis, hypereosinophilic
yndrome, and eosinophilic gastroenteritis1 (see Table 1).
herefore, careful consideration was given to excluding

hese conditions as diagnostic possibilities in the review.
or example, one case series described 2 children and 1
dult with clinicopathologic features consistent with EE
gross evidence of furrowing, white plaques, and �20
osinophils per high-power field [eos/HPF] in the squa-
ous mucosa) in whom symptoms and histopathology

esolved with intensive PPI medication.2 This is a some-
hat unusual example, but, given that it is not uncom-
on for patients with EE to have some symptoms of
ERD that respond to acid suppression treatment, our

eview focuses on those articles in which EE was clearly
he primary diagnosis.

For the purposes of this review, EE is defined as a
rimary clinicopathologic disorder of the esophagus,
haracterized by esophageal and/or upper gastrointesti-
al (GI) tract symptoms in association with esophageal
ucosal biopsy specimens containing �15 intraepithe-

ial eos/HPF in 1 or more biopsy specimens and absence
f pathologic GERD as evidenced by a normal pH mon-

toring study of the distal esophagus or lack of response

able 1. Differential Diagnosis of Esophageal Eosinophilia

astroesophageal reflux disease
osinophilic esophagitis
osinophilic gastroenteritis
rohn’s disease
onnective tissue disease
ypereosinophilic syndrome

nfection
rug hypersensitivity response
o high-dose PPI medication (see Table 2).
N

Methodology of Review
A task force of 31 physicians who participated in

he First International Gastrointestinal Eosinophil Re-
earch Symposium (FIGERS) performed this review. The
eviewers were divided into subcommittees along the
ines of their recognized expertise in clinical evaluation,
ndoscopy, histopathology, allergy, and treatment. A sys-
ematic review of the English language medical literature
hrough September 2006 was performed using electronic
atabases (MEDLINE, PubMed, and Ovid), with the key
ords “eosinophilic esophagitis,” “allergic esophagitis,”
nd “eosinophilic oesophagitis.” Review articles, letters to
he editor, most case reports of �3 patients, and ab-
tracts were excluded. Several relevant articles on EE have
een published since the Symposium, and a summary of
hese is provided at the end of this review.

Relevant data were discussed among committee mem-
ers in conference calls. Critical evaluations included
tudy design, numbers of patients, definitions used, out-
omes reported, and potential biases. The chair of each
ommittee synthesized the data, and inconsistencies were
esolved by discussion until consensus was achieved. The
uality of evidence supporting the recommendations
ontained in this review was assessed as follows: grade A:
omogeneous evidence from multiple, well-designed,
andomized (therapeutic) or cohort (descriptive) con-
rolled trials, each involving a number of participants to
e of sufficient statistical power; grade B: evidence from
t least 1, large, well-designed clinical trial with or with-
ut randomization from cohort or case-control analytic
tudies or well-designed meta-analysis; grade C: evidence
ased on clinical experience, descriptive studies, or re-
orts of expert committees.
The committees determined that the quality of evi-

ence in these articles fell primarily into the grade C
ategory. This finding speaks to the relative recent recog-
ition of EE and therefore the need for current guidelines
nd future well-designed, randomized studies.

A total of 80 studies met the inclusion criteria and
erve as the basis of this report. They include a total of
54 children (age range, 4 months to 20 years) and 323
dults (age range, 22– 89 years). The sample sizes varied
rom 7 to 381 patients (mean, 37 years). The studies were
ublished between 1977 and September 2006. Most were
onducted in academic centers in the United States, Can-
da, Europe, and Australia. The following is a review of
he literature, with critical comments and consensus rec-
mmendations on selected topics.

able 2. Diagnostic Guidelines

linical symptoms of esophageal dysfunction
15 Eosinophils in 1 high-power field

ack of responsiveness to high-dose proton pump inhibition (up to
2 mg/kg/day) or
ormal pH monitoring of the distal esophagus
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Epidemiology
Males are more commonly affected than females.

hirteen studies provided detailed information regarding
23 adult patients (76% males; mean age, 38 years; range,
4 – 89 years).3–15 Sixteen studies identified 754 pediatric
atients (66% males; mean age, 8.6 years; range, 0.5–21.1
ears).16 –31

Geographically, patients with EE have now been iden-
ified throughout the United States and Canada, and
eports in the literature have originated on all continents
xcept Africa. Although there is frequent discussion
bout geographic variations of prevalence, at this time,
here are no controlled data to support this.

EE has been described in patients with a variety of
thnic backgrounds, including white, African-American,
atin, and Asian, but few studies provided details. Thus,

t remains unclear whether EE is associated with an
thnic or racial predilection. Socioeconomic distribution
nd seasonal variation in EE have not been systematically
xamined.

Two studies addressed the increasing prevalence of EE.
oel et al identified a 4-fold increase in disease preva-

ence in children with EE in the Midwest United States
ccurring over a period from 2000 to 2003.32 In addition,
hey reported an incidence of �1:10,000 children per
ear, and this incidence remained constant over the
ourse of the 4-year study. Given the lack of mortality
ssociated with EE, the prevalence over time will increase
ven if the incidence remains the same. Similarly, Strau-
ann and Simon found an increase in EE prevalence in

witzerland from 2 per 100,000 to 27 per 100,000 inhab-
tants over a 16-year period.33 It is unlikely that this
ncrease can be entirely accounted for by increased rec-
gnition because the areas examined were geographically
table and recording practices were consistent.

A number of reports suggest familial clustering of the
isease, but it is difficult to determine whether this ob-
ervation represents genetic predisposition or similar en-
ironmental exposure.33–35 One study showed that the
ene encoding the eosinophil-specific chemoattractant
otaxin-3 was the most highly induced gene in EE pa-
ients compared with its expression level in healthy indi-
iduals and may be an indicator of a potential genetic
redisposition to EE.29

Clinical Manifestations
Children
As with many other diseases, some age-related

ifferences were noted between presenting symptoms in
hildren and adults.3,5–23,25–30,36 For instance, feeding re-
usal or intolerance is a common symptom of EE in
hildren who are perhaps too young to relate the feeling
f dysphagia. Children most commonly had GERD-like
ymptoms (including heartburn and regurgitation), al-

hough estimates varied widely across studies (range, a
%– 82%). Emesis and abdominal pain were also com-
only reported (range, 8%–100% for emesis; 5%– 68% for

bdominal pain). Dysphagia and food impaction were
lso reported (range, 16%–100% for dysphagia; 10%–50%
or food impaction). These symptoms tended to be in-
reasingly common with age. Other presenting symp-
oms in children included failure to thrive (range, 5%–
9%), chest pain (range, 17%–20%), and diarrhea (range,
%–24%).

Adults
In adults, the most common presenting symp-

oms were intermittent dysphagia (range, 29%–100%) and
ood impaction (range, 25%–100%). One report found
hat EE was responsible for 50% of cases of esophageal
ood impaction in one institution.10 Although less com-

on than in children, GERD-like symptoms were also
eported (range, 7%–100%) as were chest pain (range,
%–58%) and abdominal pain (range, 3%–25%). Diarrhea
nd weight loss were reported in some patients. Many
dults had long-standing symptoms including recurrent
ood impactions prior to the diagnosis of EE.10,37

Recommendations. EE should be considered in
oung children with GERD-like symptoms, including
eeding problems, and in older children and adults with
ERD-like symptoms, especially in those with dysphagia
r esophageal food impaction. When the primary diag-
osis is EE, symptoms are unresponsive or only partially
esponsive to acid blockade (Grade B).

Natural History
Three studies examined the natural history of EE

n 90 adults, with follow-up ranging from 1 to 11.5
ears.4,7,11 Potter et al followed 29 patients (21 men; mean
ge, 35 years; range, 16 –71 years) who primarily pre-
ented with dysphagia and “refractory GERD” symp-
oms.7 The majority of patients showed evidence of tissue
emodeling at endoscopy. Rings, strictures, or small cal-
ber esophagus were found in 86% of patients, whereas
adiographic studies showed narrowing in 67%. Impor-
antly, the small caliber esophagus that was observed
ndoscopically was missed radiographically in 4 patients.
roese et al reported their experience with 31 patients
ith EE (24 men; mean age, 34 years; range, 14 –77 years)
ho most commonly presented with bolus impaction or
ysphagia (Table 3).11 Diagnosis was delayed a mean of
4 months (range, 0 –180 months), and, in retrospect,
ighly suggestive features of EE were not recognized in 7
atients, leading to a delay in diagnosis. Strictures were
resent in 57% and were described as localized to the
roximal esophagus, measuring several centimeters in

ength and extending in a longitudinal fashion. Dilation
esulted in longitudinal tears in 77% of patients. No
atient had a perforation. Straumann et al describe the

ongest follow-up of 30 adults with EE (22 men; mean

ge, 40.6 years; range, 16 –71 years).4 The presenting
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ymptom was almost exclusively dysphagia with food
mpaction, and the diagnosis was delayed an average of
.6 years (range, 0 –17 years). During the follow-up period
f 1.4 –11.5 years, 23% of patients reported increasing
ysphagia, and 36.7% reported stable symptoms. No
hange in endoscopic features was identified in 6 of 7
atients in whom a subepithelial component could be
nalyzed, but an increase in fibrosis and thickening was
ocumented.
Liacouras et al reported the largest longitudinal study

f 381 children with EE (66% male; mean age, 9 years).22

ost presented with symptoms of GERD refractory to
cid suppression treatment or with dysphagia. Upper GI
ontrast studies demonstrated esophageal narrowing in
% of children. Endoscopy showed rings in 12%, and 1
atient required esophageal dilation. In a subset of pa-
ients, medical treatment with systemic corticosteroids
nduced clinicopathologic remission in all but 1 patient,
hereas 52% of patients treated with topical fluticasone

howed improvement, with 2 developing esophageal can-
idiasis. Following discontinuation of medical treat-
ent, almost all patients had recurring symptoms and

sophageal eosinophilia. Dietary treatment in the form of
ither dietary restriction or amino acid-based formula
as highly effective (97.6% showed clinicopathologic re-

ponse) in inducing and maintaining remission. Barium
tudies normalized in 21 of 22 patients with esophageal
arrowing.
Eosinophilic inflammation seems to persist over time.

linical experience dictates that some patients may be
symptomatic and have esophageal eosinophilia. No data
xist as to the best management of these patients, but it
s suggested that they be followed closely for the devel-
pment of clinical symptoms.

The disease does not appear to limit life expectancy.
sophageal metaplasia, (that is Barrett’s esophagus or
ardia-type metaplasia or esophageal adenocarcinoma38)
as not been reported in patients with EE, even in adults
ith severe disease. EE is not a disease characterized by
ucosal ulceration or destruction. Therefore, it seems

ikely that the pathologic process of EE is different from
hat of GERD and that adenocarcinoma or squamous

able 3. Symptoms Suggestive of Eosinophilic Esophagitis

hildren Adult

eeding aversion/intolerance Dysphagia
omiting/regurgitation Food impaction
GERD refractory to medical
management”

“GERD refractory to medical
management”

GERD refractory to surgical
management”

ood impaction/foreign body
impaction

pigastric abdominal pain
ysphagia
E
ailure to thrive
ancer of the esophagus are not part of the spectrum of
E, other than perhaps as coincidental occurrences. Nat-
ral history and basic studies will provide insights into
he validity of this speculation.

Recommendations. EE tends to be a chronic dis-
ase with persistent or relapsing symptoms. To date,
sophageal strictures and small caliber esophagus, often
esulting in food impaction, have been the major com-
lications identified. When these findings are encoun-
ered, either radiologically or at endoscopy, a high index
f suspicion should be raised for EE, and mucosal biopsy
pecimens should be obtained (Grade B). Although
sophageal metaplasia (Barrett’s esophagus or cardia-
ype metaplasia) has not been described as an associated
nding in patients with EE, careful long-term follow-up

s advised. Other chronic problems include failure to
hrive and feeding intolerance in children. At present, it is
nclear whether persistent esophageal eosinophilia is al-
ays accompanied by symptoms. See Monitoring section
elow.

Diagnostic Testing
Endoscopy
At endoscopy, a number of gross mucosal abnor-

alities have been identified including longitudinal fur-
owing, friability, edema, longitudinal shearing, raised
hite specks, whitish exudates, “crêpe paper mucosa,”
arrow caliber esophagus, Schatzki ring, felinization, and
ransient or fixed rings3,6,7,9 –12,22,36,39 – 49 (See Table 4 and
igures 1 and 2). All listed findings except longitudinal
hearing and “crêpe paper” mucosa have been reported in
ther esophageal diseases. An earlier report described
eatures such as circular rings that were primarily attrib-
ted to GERD but in retrospect likely were related to
E.50 This report further emphasizes that a high index of
uspicion for EE must be maintained in any patient with
ERD-like symptoms who has an abnormal appearing
ucosa as described above.
Although none of the features can be classified as

athognomonic for EE, in the appropriate clinical con-
ext, the presence of more than 1 of these findings is
trongly suggestive of the diagnosis of EE. In contrast,
ome studies have reported normal appearing mucosa. As
xperience has accumulated, particularly in centers focus-
ng on endoscopic analysis of children and adults with

able 4. Endoscopic Features Associated With EE

inear furrowing, vertical lines of the esophageal mucosa
hite exudates, white specks, nodules, granularity
ircular rings, transient or fixed, felinization
inear shearing/crepe paper mucosa with passage of endoscope or
dilator

tricture: proximal, middle, or distal

OTE. None of the features are pathognomonic of EE.
E, subtle abnormalities are now being detected that may
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ave been previously overlooked in earlier series. This
ay be related to different endoscopic techniques or

lder equipment.

Biopsy Procurement and Evaluation
Many earlier studies reported on endoscopic bi-

psy specimens that were taken primarily or solely from
he distal esophagus. However, over the last several years,
n increasing number of studies have included the find-
ngs on biopsy specimens from the middle and upper
sophagus.6–8,10,11,14,16–18,20,22–25,28,29,32,36,45,48,51–57 Three im-
ortant points emerge from these studies. First, several
tudies show that histopathologic abnormalities are com-

on in biopsy specimens obtained from endoscopically
ormal appearing mucosa. For example, in a study of 381
hildren with EE, 30% had a normal appearance endo-
copically.22 However, over the last decade, as literature
as developed and endoscopists have become increas-

ngly aware of EE, the subtle features have become more
ully recognized. Second, Bouin’s preservative was used in
ne study, and its use resulted in reduced ability to

dentify eosinophils.7 Therefore, fixing mucosal samples
n preservatives other than Bouin’s is preferable. Third, to

igure 1. Endoscopic findings associated with eosinophilic esophagi-
is. (A) Mucosal rings representative of transient contractions or fixed
tructures. This appearance has also been termed feline esophagus,
rachealization, or concentric rings. (B) Whitish exudates scattered
cross the mucosal surface. These represent eosinophilic purulence
urgeoning through the esophageal epithelium. Exudates can appear
s punctate white nodules, dispersant flocculant material, or in a gran-
lar pattern and can occur along the length of the esophagus.
etermine how the number of biopsy samples impacted
iagnostic ability, Gonsalves et al performed a retrospec-
ive analysis of 341 biopsy specimens from 66 adults with
E. The results showed that, with a threshold of 15
os/HPF, the procurement of 1 biopsy specimen had a
ensitivity of 55%, in contrast to a sensitivity of 100%
ith 5 biopsy specimens.57 Clinical experience suggests

hat areas of gross endoscopic abnormalities, as well as
roximal and distal esophageal mucosa (even if macro-
copically unremarkable), should be assessed histologi-
ally.

Recommendations. The preceding discussion
rovides the rationale for histological assessment of
E. Endoscopic appearances should be documented
nd photographed. Mucosal pinch biopsy specimens
hould be obtained from all patients in whom EE is in
he differential diagnosis. Biopsy specimens should be
btained regardless of the gross appearance of the mucosa,
nd multiple biopsy specimens should be obtained
rom different esophageal locations along the length
f the esophagus. Biopsy specimens should also be
btained from stomach and duodenum to rule out
ther diseases such as eosinophilic gastroenteritis and,
hen appropriate, inflammatory bowel disease. Opti-
al fixation is accomplished by using fixative such as

ormalin or paraformaldehyde (Grade C). The cost-
ffectiveness of these recommendations has not been
valuated but deserves further study.

Intraesophageal pH Testing

Data regarding pH monitoring were reported
n 9 studies involving adults and 11 involving chil-
ren.3– 6,9,11–20,23,25,27,28,57 Of 228 adults, pH monitoring
as performed in 91 (40%) patients, with normal re-

ults in 75 (82%) patients. Of 223 children, pH moni-
oring was performed in 173 (78%) patients, with nor-

al results in 156 (90%) patients.

Esophageal Impedance

No impedance monitoring studies have been re-
orted in patients with EE.

Figure 2. Esophageal furrowing rep-
resentative of mucosal edema and
thickening. (A) Furrows encompass
the entire luminal surface of the distal
esophagus with a very thick and al-
most nodular appearance. (B) In this
Figure, the most prominent furrowing
occurs preferentially along the left lat-
eral wall. (C) Vertical lines course
along the length of the esophageal
mucosa. This finding is often most
prominent when the esophagus is in-

flated.
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Esophageal Manometry
Esophageal manometry results were reported in

0 studies (7 adult and 3 pediatric) and were performed
n 77 adults and 14 children.3,6,9,11,13–15,20,27,28,57 Of the
7 adults, the lower esophageal sphincter was normoten-
ive in 66, hypotensive in 10, and hypertensive in 1
atient. Peristaltic abnormalities were reported in 30 of
he 77 patients, with 28 of the 30 patients having non-
pecific peristaltic abnormalities, and 1 each having distal
sophageal spasms and nutcracker esophagus. Esopha-
eal manometry, overall, was abnormal in 41 of the 77
dult patients (53%). All 14 children had a normal esoph-
geal manometry.

Endoscopic Ultrasound
Endoscopic ultrasound was performed in one

tudy of 11 children. The study reported significant
hickening of the esophageal wall and individual tissue
ayers, including the combined mucosa and submucosal
ayer, and the muscularis propria, as compared with nor-

al controls.25

Recommendations. When the diagnosis of
ERD vs EE is not apparent despite endoscopy and
iopsy, intraesophageal pH monitoring may be of use in
xcluding pathologic reflux as either the primary or a
oncomitant cause for esophageal eosinophilia (Grade B).
lternatively, an upper endoscopy after 6 – 8 weeks of
igh-dose PPI treatment can help determine the etiology
f esophageal eosinophilia (see Treatment section).
sophageal manometry does not provide diagnostic
alue in patients with EE.

Radiography
Some of the initial case series describing EE re-

orted esophageal narrowing.47,58,59 Since then, it is well
ecognized that proximal and distal strictures are associ-
ted with EE. In addition, long segment narrowing and
ecreased compliance of the esophagus have also been
escribed; these dynamic findings must be sought care-
ully because they may not be apparent on routine study.
chatzki ring has been described in some patients with
E. In a series of 18 children with Schatzki ring, 8 were

ound to have EE.43 At endoscopy, none of these children
howed gross evidence of a ring, suggesting that the
adiograph had shown a transient contraction. These
ndings suggest that narrowing observed at endoscopy
ay or may not be seen radiographically and vice versa.
hen an esophageal contrast study is performed, close

ttention needs to be paid to esophageal distensibility
nd evidence of proximal or transient narrowing. In pa-
ients with a history of chronic vomiting, upper GI series

ay be useful to investigate other possible anatomic
auses of vomiting (eg, malrotation, hiatal hernia).

Recommendations. In patients with dysphagia,
n upper GI contrast study may identify the presence of

stricture, as well as its caliber and length. A contrast b
tudy may be beneficial for children who present with
omiting to rule out anatomic etiologies such as malro-
ation (Grade C). This information is also potentially
elpful for a subsequent upper endoscopy because it may
lert the endoscopist to use a smaller caliber endoscope
r to proceed particularly cautiously with passage of the

nstrument so as to lessen the likelihood of a mucosal
ear. In addition, it prepares the endoscopist for the
ossible need for a dilatation. An upper GI contrast study

s generally not useful in patients presenting with symp-
oms typical of GERD, eg, heartburn.

Histopathology
History of Esophageal Eosinophilia
In 1977, the first report of eosinophilic inflamma-

ion of the esophageal epithelium in an adult with dys-
hagia and no GERD symptoms was published.60 Over
he following few years, isolated case reports described
dditional similar findings in adults and children.61– 64

Throughout the 1980s, a number of reports associated
ntraepithelial eosinophils in esophageal biopsy speci-

ens with GERD.65– 69 Interestingly, Leape et al67 and
yams et al68 recognized that a number of patients who
ad intraepithelial eosinophils in esophageal biopsy spec-

mens failed to respond to medical treatment for GERD.
distinguishing feature of these patients was a dense

osinophilic infiltrate (�20 eos/HPF) in their esophageal
ucosa (see Figure 3). From 1982 until 1995, the signif-

cance of numerous esophageal eosinophils was underap-
reciated. Most pathologists viewed the presence of in-
raepithelial esophageal eosinophils as pathognomonic
or GERD.

During this time, several investigators began to suggest
hat GERD might not be the etiology in patients present-
ng with a severe esophageal eosinophilia. In 1985, Lee
eported a series of children and adults whose esophageal

igure 3. Eosinophilic esophageal inflammation in eosinophilic esophagi-
is. (A) Low-power view of the epithelium showing increased numbers of
osinophils and evidence of basal zone hyperplasia and elongated rete
apillae. (B) High-power view of the epithelium demonstrating large num-
ers of eosinophils accumulating preferentially toward the luminal surface
long with a thickened basal zone.
iopsy specimens showed “marked eosinophilia,” defined
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s �10 intraepithelial eosinophils in 2 HPFs (Table 5).70

ne patient, a 15-year-old girl presented with abdominal
ain, asthma, and peripheral eosinophilia and showed no
vidence of GERD. Lee considered this case to be an
xample of “idiopathic eosinophilic esophagitis.” In
993, 11 adults with dysphagia, normal pH monitoring,
nd dense esophageal eosinophilia (�20 eos/HPF) were
eported.14 Importantly, control patients with GERD had
mean of 3.3 eos/HPF in their esophageal mucosa. Seven
atients had food hypersensitivity, and all required
dvanced intervention (dilation and/or steroids in one
ase) for resolution of symptoms. The authors cau-
ioned about automatically attributing esophageal eo-
inophilia to GERD.14

In 1995, a seminal article by Kelly et al reported 10
hildren with GERD-like symptoms with intense esoph-
geal eosinophilia despite antireflux therapy.23 Two of
hese patients had already received fundoplication, and
ll responded well to amino acid formulas, suggesting an
llergic etiology. Subsequently, the degree of intraepithe-
ial eosinophilic infiltration was correlated with response
o conventional GERD treatment in children.16,54 During
he 1990s, a number of studies described children with
ense esophageal eosinophilia (�15–20 eos/HPF) who
howed clinicopathologic response to dietary restriction
ith an amino acid-based formula,23,54 oral corticoste-

oids,54,56,71 and topical corticosteroids.72 Additionally,
teiner et al showed an inverse correlation between epi-
helial eosinophil counts and reflux index, ie, 1–5 eos/
PF correlated with an elevated reflux index.18 These

tudies provided additional confirmation that patients
ith intractable GERD symptoms and dense eosinophilic

sophageal infiltrates appeared to have a unique non-
ERD disorder, which in some cases seemed related to

llergy.

Quantitation of Eosinophils
The key diagnostic criterion for diagnosing EE

n all studies has been an increased number of intra-
pithelial eosinophils. All studies used a threshold
umber of eos/HPF for the diagnosis of EE, but the
umber and method used to generate that number was
ot uniform. Peak count, the highest number of eo-
inophils within a HPF, was the method most com-

only used.3,11,14,22,23,25,28,29,52,55,73 A mean number of
os/HPF was generated in some studies based on count-
ng the number of eosinophils in several representative

able 5. Histologic Features Associated With EE

�15 Intraepithelial eos/HPF (peak count)
Eosinophil microabscess
Superficial layering of eosinophils
Basal zone hyperplasia

OTE. None of the features are pathognomonic of EE.
PFs6,8,10,16,17,36,43 or in all HPFs.32,48,51,54,56 Most studies fi
id not report the magnification and/or dimensions of
he HPF in which eosinophils were counted. Those that
id reported a wide variance in surface area, from 0.196
m2 to 0.44 mm2.6,16,17,22,36

Number of Eosinophils That Define EE
The number of eos/HPF used to establish a diag-

osis of EE varied among studies. For example, 10 studies
equired �15 eos/HPF based on peak count7,23–25,45,73 or

ean number from a defined number of fields exam-
ned6,17,43,56; 8 studies required �20 eos/HPF based on
eak count3,14,15,22,28,52,55 or mean number10; 2 studies
equired �24 eos/HPF peak count29 or mean number32;
nd 1 study required a peak count �30 eos/HPF.11 One
tudy took a novel approach and set threshold numbers
t �20 eosinophils in 1 HPF or �15 in 2 HPFs.8 The
owest number density of eosinophils reported for a di-
gnosis of EE was 15 eos/HPF for either peak or mean
ounts. The maximal number of eos/HPF that is associ-
ted with GERD-related esophagitis is still under inves-
igation.2,14

Mucosal Biopsy Specimens From Other Parts
of the GI Tract
In most studies, investigators identified histologically

ormal biopsy specimens from stomach (generally antrum)
nd duodenum.3,4,6–8,10,11,14–17,19,20,22–24,28,30,43,51,53–56 Four
tudies specifically excluded patients with eosinophilia of
onesophageal sites in their analysis of EE.10,11,56,73

Eosinophil Morphology and Associated
Histopathologic Features Observed in EE
Degranulation. Major basic protein has been used

s a marker for eosinophil degranulation in studies of
sthma and atopic dermatitis. Increased extracellular ma-
or basic protein deposition in the esophageal mucosa of
dults with EE compared with those with GERD has
een reported.8,10 Other studies identified extracellular
osinophil granules in the mucosa affected by EE, but
ontrols were not examined.8,14,25,28 A caveat in interpret-
ng eosinophil degranulation is the fact that biopsy
rocurement and processing may cause eosinophil
egranulation.74,75

Microabscesses. Three studies determined that
osinophilic microabscesses, defined as aggregates of 4 or
ore eosinophils in a cluster, were found exclusively in

atients affected by EE and not in those with GERD8,10,16

see Figure 4).
Superficial layering. Another histologic feature as-

ociated with EE is the preferential superficial distribution
f eosinophilic inflammation in the upper one third to half
f the squamous epithelium7,8,10,14,16,17,19,20,25,28,43,55 (see
igure 4). Surface layering was not found in biopsy spec-

mens from reference groups.10,16,55

Basal zone hyperplasia. Most investigators de-

ned basal zone hyperplasia as a basal zone that occupied
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ore than 20% of the epithelium8,10,14,16 –18,20,23,36,43 (see
igures 3 and 4). Some studies reported less prevalent or

ess marked basal layer hyperplasia in a reference group
ompared with patients with EE.8,14,16,28,29,36,52 Papillary
engthening was variably defined and was reported
n 50%–100% of cases of EE in which it was evalu-
ted.8,14,16,19,20,23,36 Some reports described papillary
engthening that was less prevalent8 or milder16,23 in a
eference group compared with EE biopsy specimens.
asal zone hyperplasia and papillary elongation require
ell-oriented sections and therefore can be evaluated in
nly a minority of EE patients. Quantification of basal
one hyperplasia can be accomplished by staining for the
roliferating cell antigen Ki-67 (MIB1 antibody); indeed,
atients with EE have increased Ki-67 staining compared
ith reference control groups.21

Epithelial edema was occasionally described in histo-

igure 4. Eosinophilic microabscess
ssociated with eosinophilic esoph-
gitis. (A) Low-power view of an eo-
inophilic microabscess with superfi-
ial layering of eosinophils along the

uminal surface. (B) Low-power view
f 2 massive eosinophil abscesses
long luminal border of esophagus.
hese occur on a base of hyperplastic
pithelium. (C) High-power view of eo-
inophil microabscess. Inferior to the
bscess are a number of eosinophils,
ome of which appear degranulated.
ogic evaluations of EE,7,8 whereas epithelial ulcers were s
arely reported.8,16 Lamina propria fibrosis was described
n only 2 reports.8,36 A limitation in evaluating this find-
ng is the absence of lamina propria in most esophageal
inch biopsy specimens.

Other inflammatory cells. Cell types other than
osinophils were evaluated in some studies. Lympho-
ytes were increased in EE biopsy specimens10,16,17,21,51

ompared with a reference group17,21,29,51 and in biopsy
pecimens obtained prior to therapy compared with
iopsy specimens following therapy.17,21 Polymorpho-
uclear leukocytes were reported in some studies of EE
iopsy specimens8,14,16,48 and were more8 or less16,48

bundant in reference groups. Mast cells were de-
cribed as scattered as opposed to aggregated14 and
ere increased in EE biopsy specimens compared with
reference group.24,29,51 Numbers of mast cells posi-

ively correlated with numbers of eosinophils in one

tudy.29
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Recommendations. EE is a clinicopathologic dis-
ase defined by esophageal symptoms associated with a
evere isolated esophageal eosinophilia and absence of
athologic GERD as evidenced by normal pH monitoring
f the distal esophagus or lack of response to high-dose
PI treatment. Intraepithelial eosinophils should be
ounted in the most intensely inflamed HPF of the bi-
psy (�400) to generate a peak count. Setting a fixed
umber of eosinophils as the sole cut-off criterion to
istinguish EE from GERD is contentious, possibly mis-

eading, and probably unwise based on current knowl-
dge. On the basis of this literature review and collective
linical experience, we conclude that a peak count of �15
ntraepithelial eos/HPF is an absolute minimum number
o make the diagnosis of EE in the proper clinical context
Grade B). If all HPFs are counted, the mean eosinophil
umber may be less than 15 because of focal inflamma-
ion in the biopsy specimens, but at least 1 HPF must
ontain at least 15 intraepithelial eosinophils. For re-
earch purposes, defining EE with a higher threshold of
eak eosinophils may be advisable to increase the speci-
city of the diagnosis.
Additional features that are not pathognomonic but
ay be helpful to the pathologist in recognizing EE

nclude eosinophil microabscesses (correlate of endo-
copic mucosal with specks and plaques), surface layering
f eosinophils, basal layer hyperplasia, papillary length-
ning, degranulating eosinophils, and lamina propria fi-
rosis and inflammation. These features should be as-
essed in all biopsy specimens and included in pathology
eports in addition to the number of eosinophils. The
iagnostic criteria for adults are the same as for children.
astroenterologists treating adults and children with

ymptoms of esophageal dysfunction and numerous in-
raepithelial eosinophils in esophageal biopsy specimens
hould ensure that the disease cannot be attributed solely
o GERD before making a diagnosis of EE.

Allergic Evaluation
History, Physical Examination, and Testing
for Other Atopic Diatheses
Most studies characterizing the allergic pheno-

ype have been performed in children. Allergic responses
ave been strongly implicated in the etiology of EE based
n several lines of evidence. The majority of patients with
E (50%– 80%)22 is atopic based on the coexistence of
topic dermatitis, allergic rhinitis, and/or asthma and the
resence of allergic antigen sensitization based on skin
rick testing or measurement of plasma antigen-specific
gE. Importantly, most patients improve on allergen-free
iets, providing supportive evidence that antigen is elic-

ting the disease. Substantial evidence is accumulating
hat EE is associated with T helper cell (Th) 2 type
mmune responses (the type of T helper cell polarization
een in allergic individuals). In particular, elevated levels

f eosinophil-active Th2 cytokines (eg, interleukin (IL)-4, w
L-5, and IL-13) as well as mast cells are present in the
sophagus of EE patients.5,24,51 In addition, experimen-
al models of EE can be induced in mice by allergen
xposure, especially in the respiratory tract following
ucosal or epicutaneous sensitization, as well as by

verexpression of Th2 cytokines (IL-5 and IL-13).76 –79

ollectively, these experimental systems demonstrate
n intimate connection between the development of
osinophilic inflammation in the respiratory tract and
sophagus not only in response to external allergic
riggers but also to intrinsic Th2 cytokines. It is inter-
sting to note that patients with EE sometimes report
easonal variations in their symptoms; case reports
ecently documented seasonal changes in esophageal
osinophil levels, especially in the proximal esopha-
us.80,81

Recommendations. Because of the high rate of
llergic rhinitis, asthma, and/or eczema in EE patients, a
omplete evaluation by a well-informed allergist for other
topic diatheses is recommended (Grade C).

Assessment of Atopy by Analysis of Blood
Samples
Peripheral eosinophil count and eosinophil

ranule proteins. Seven pediatric16,17,19 –21,26,47 and 4
dult4,8,51,80 studies document the number of peripheral
osinophils, the percentage of EE patients with periph-
ral eosinophilia, and the levels of eosinophil granule
roteins. All were retrospective studies or case reports
xcept for one prospective cross-sectional study. There
as a significant amount of variability in the defining

evel for “peripheral eosinophilia” (range of eosinophils
eported as abnormal ranged from greater than 350 eo-
inophils per mm3 to greater than 800 eosinophils per

m3). Some reports did not define the number of blood
osinophils that constituted a diagnosis of blood eosin-
philia. Overall, 10%–50% of adults and 20%–100% of
hildren had elevated peripheral eosinophil counts but
sually only modestly elevated (�2-fold). In all studies,
here was a high percentage of concurrent allergic sensi-
ization, and it is likely that concurrent allergic diatheses
n conjunction with EE play a role in the elevated eosin-
phil counts found in these patients. One study demon-
trated that persistent blood eosinophilia correlated with
ersistent dysphagia.4 In another study, the degree of
levation of serum eosinophils correlated with the sever-
ty of EE.82

Two studies document decreases in blood eosinophil
ounts following therapy. Following treatment with flu-
icasone, 88% of patients demonstrated decreased blood
osinophil counts.26 In another study of oral corticoste-
oids, most patients demonstrated decreased blood eo-
inophils following treatment.56

Compared with other eosinophil products, plasma eo-
inophil-derived neurotoxin (EDN) (but not stool EDN)

as also elevated in EE patients but had less predictive
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alue than circulating eosinophil counts.82 When ele-
ated levels of EDN and peripheral eosinophil counts
ere used together, sensitivity, specificity, and positive
nd negative predictive values were 63%, 92%, 83%, and
9%, respectively.

Recommendations. Evaluation of peripheral
lood eosinophils may provide supportive evidence for
he presence of EE and the degree of tissue involvement
ut are not diagnostic, and correlation with disease ac-
ivity is unknown (Grade C). In future studies, if eosin-
phil levels are to be followed, it is important that (1)
lood eosinophil levels be drawn at diagnosis and again
t each evaluation for response to treatment (dietary or
edical) and (2) notation is made regarding the control

f concurrent atopic diatheses and the extent of aeroal-
ergen exposure at each time when eosinophil count is
valuated. Absolute eosinophil counts and defining cri-
eria for “blood eosinophilia” should be reported in pub-
ications that document peripheral eosinophilia. Further
tudies are needed to evaluate whether eosinophils con-
titute an adequate surrogate disease marker either alone
r in combination with other surrogate disease markers
uch as EDN.

Total IgE. Five pediatric19,26,47,56,73 and 3 adult
tudies4,51,83 report levels of total IgE in EE patients. All
f the studies are retrospective and/or case reports/series.
s with peripheral eosinophil counts, the defining crite-

ia for abnormal values varied among studies, thus mak-
ng broad conclusions difficult. One pediatric study cor-
elated response of total IgE levels to oral corticosteroid
herapy and found an almost 5-fold decrease, but the

ean IgE level remained above normal.56 Overall, 71%–
8% of pediatric EE patients and 60%– 69% of adult EE
atients had elevated total IgE levels. One adult study
emonstrates that peripheral IgE levels remained ele-
ated for years in EE patients not undergoing pharma-
ologic intervention.4 The high rate of concurrent atopic
iatheses in these patients suggests that elevated IgE

evels were likely not linked specifically to EE.
Recommendations. No published studies docu-

ent whether or not total IgE can serve as a surrogate
arker for disease progression or resolution. If total IgE

evels are to be followed, it is imperative that (1) an
valuation is done regarding whether or not the patient
as adequate aeroallergen avoidance and the pollen sea-
on at each time when the total IgE level is evaluated and
2) an evaluation is done regarding whether or not con-
urrent atopic diatheses are adequately controlled at the
ime that the total IgE is evaluated. If IgE levels are
ollowed, it is recommended that levels be checked at
iagnosis and at each endoscopic evaluation of disease
esponse to intervention (Grade C). It is important that
otal IgE levels be interpreted within the context of age-
efined normal values and that the total IgE level that is

onsidered “normal” be clearly stated in any publication. e
Aeroallergen-specific IgE. Although the presence
f allergic rhinitis is cited in multiple studies, only one
dult study specifically delineates the presence of anti-
en-specific IgE to specific allergens (grass, a potential
ross-reacting allergen to wheat and rye) in a patient with
E.83 In addition, one case report suggests that EE is
riven by aeroallergens,81 and one case series reports
sophageal eosinophilia (up to 20 eos/HPF in the prox-
mal esophagus and up to 12 in the distal esophagus) in
atients with pollen allergies.80 Animal models have pro-
osed that EE can be induced by aeroallergens.79

Recommendations. Given the high rate of other
llergic diatheses (50%– 80%) in EE patients and the po-
ential of aeroallergens to have a role in the instigation of
E, it may be important to evaluate EE patients for
eroallergen sensitivity (Grade C). Allergy testing may
redict the response to pharmacotherapy or dietary
voidance in EE patients and thus warrants evaluation.21

Food-specific IgE. Three pediatric studies17,20,84

nd one adult study11 clearly delineate the results of food
pecific radioallergosorbent testing (RAST) in EE pa-
ients. One study utilized partial elimination diet (with-
ut success) based on food-specific IgE testing in addi-
ion to skin prick testing.17 No other studies used a
learly defined food specific-based elimination diet. Stud-
es using empiric elemental formula or empiric elimina-
ion diet in children without any allergy testing (skin
rick and/or patch, antigen-specific IgE) documented a
7%–98% disease improvement or eradication, suggesting
hat any allergy testing utilized for foods may not iden-
ify the inciting food allergen.55,85 It is currently unclear
hy more patients with food-specific IgE do not have
naphylaxis to those foods for which they have positive
ests.

Recommendations. There are no positive or neg-
tive predictive values for food-specific IgE level testing in
E. In vitro food allergy testing is not supported in the
valuation of EE patients at this time, and empiric food
esting should utilize skin prick tests (see below; Grade B).

Peripheral cytokines. Three studies, 1 adult51

nd 2 pediatric,29,82 evaluated peripheral cytokine pro-
uction in EE patients. IL-13 release was elevated in 50%
f adult patients (n � 3 patients with increased IL-13)
ith EE as compared with controls; no differences in IL-5
r interferon � were observed. In one study, eotaxin-3

evels were found to be elevated 2-fold in the peripheral
lood of EE (n � 12) as compared with normal (n � 6)
nd chronic esophagitis patients (n � 5).29 In another
tudy involving 47 EE pediatric patients, eotaxin-3 was
hown to be elevated in EE and correlated with esopha-
eal eosinophil levels (37.7 vs 11.5 pg/mL, respectively,
� .01). In the same study, levels of plasma eotaxin-1,

otaxin-2, and IL-5 had no predictive value.82 Genetic
nalysis of single nucleotide polymorphism (SNPs) in the

otaxin-3 gene demonstrated that SNP 2496 GG in the
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=-untranslated region was overrepresented in EE pa-
ients independent of atopic status.

Recommendations. Eotaxin-3 expression and its
enetic variation are promising markers of distinguish-
ng EE from other causes of esophagitis (Grade B). Fu-
ure research concerning the reversibility of eotaxin-3
evels with therapy and their prognostic significance de-
erve further investigation.

Gene expression. Two pediatric studies and one
dult study evaluated changes in the level of esophageal
enes in EE vs non-EE patients.24,29,51 Using a genome-
ide transcript expression profile analysis, EE patients
ave been demonstrated to have dysregulation of �1% of
he human genome, with �50 genes changing over 10-
old. In contrast, patients with chronic esophagitis were

uch more similar to normal individuals. In fact, a
umber of these genes appear to be epithelial gene prod-
cts, suggesting that the primary defect in EE may be
econdary to an altered epithelial cell phenotype.

Using a genome-wide approach, followed by polymer-
se chain reaction-based verification and assessment of
rotein elevations, eotaxin-3 has been identified as mark-
dly elevated in EE patients (50- to 100-fold) compared
ith normal individuals and those with chronic esoph-
gitis. Although one study did not find elevated levels of
otaxin-3, the same study failed to find any gene elevated
2-fold, suggesting technical limitations. Two studies

howed low or no difference in esophageal RANTES
xpression; both showed increased esophageal IL-5 ex-
ression.24,51 One study has shown increased levels of
umor necrosis factor � in affected tissue.51 There have
een no demonstrable increases in cysteinyl leukotriene
xpression in EE patients.30

Recommendations. Although the results of
otaxin-3 expression in EE vs non-EE patients are highly
romising, assessment of eotaxin-3 remains a research
ool, and correlations with disease severity and activity
emain to be evaluated (Grade B). The identified EE
ranscriptome may indeed have promising value for dis-
ase diagnosis, assessment of therapeutic responsiveness,
nd prognosis.

Skin prick testing for antigen sensitization. Fif-
een studies involving 12 case series and 3 case reports
ave examined skin prick testing in EE patients. In
dults, positive skin tests to food allergens were difficult
o elicit, except when there was a history of a reaction to

food (1 case). Positive skin tests to environmental
llergens were more frequently found than positive reac-
ions to food antigens. In pediatric patients, more com-
rehensive studies have been reported, including a retro-
pective case series with a total of 786 patients.
ollectively, these studies have shown that approximately

wo thirds of patients have positive skin tests to at least
ne food allergen, whereas one third do not have any
ositive skin tests. The number of foods tested were not

lways reported but varied from an average of 13 foods to m
panel of 42 foods. When larger panels were used, the
oods tested included the common food allergens— cow

ilk, eggs, peanuts, soy, wheat, and fish—as well as rep-
esentative members of classes of foods including grains,

eats, seafood, tree nuts, fruits, and vegetables. The
ean number of positive skin tests to foods when the

arger panels were used varied from 2.7 � 3.3 to 6 � 4.2.
he most common foods reported to be positive by skin
rick tests included common food allergens—peanuts,
ggs, soy, cow milk, and wheat—in addition to beans, rye,
nd beef.

Recommendations. Skin prick testing for foods
nd environmental allergens should be considered so
hat potential allergens and the atopic status of EE pa-
ients are identified (Grade C).

Atopy patch testing in EE. Patch tests were first
escribed for contact dermatitis in the late 1890s for
allergy” to fabric. The earliest publication on patch test-
ng in eczema was described in 1937,86 with the earliest
ontrolled trial in 1982.87 Atopy patch testing (APT) has
een used for the diagnosis of non-IgE, cell-mediated

mmune responses in which T cells are thought to play
prominent role. APT involves prolonged contact of

he allergen to the skin with the goal of mimicking a
imilar immune response to atopic dermatitis. In fact,
iopsy specimens of the patch test sites were found to
ave initial Th2 cell infiltration followed by a predom-

nance of Th1 cytokines and eosinophils88 similar to
he biopsy findings that have been observed in the skin
f atopic dermatitis patients during acute and chronic

esions.89

APT has been most extensively studied in atopic der-
atitis. Most studies find that APT was better in identi-

ying late reactions and GI reactions in children with
topic dermatitis.90 –92 APT has been studied primarily in
topic dermatitis. The food to be tested is typically placed
n aluminum cups (Finn Chambers on Scanpore; Aller-
erm Laboratories, Inc. Petaluma, CA) and then applied
o uninvolved areas of the patient’s back in the 12-mm
hambers.93 Similar to patch testing for contact derma-
itis, a 48-hour occlusion time is used, and the patches
re subsequently read at 20 minutes and 24 hours after
emoval of the Finn chamber, examining for erythema,
apules, and induration.94 Any food can be assessed with
atch testing, although cow’s milk, hen’s egg, wheat, and
oy have been studied most extensively.73

Application of APT in EE
APT has been used for the diagnosis of food

llergies in two published studies by Spergel et al.73,93

hey examined 146 children with biopsy specimen-diag-
osed EE and eliminated foods based on positive skin
est and atopy patch test. The authors found that 77% of
he patients had resolution of their biopsy specimens
ased on these results (including 14% that required ele-

ental formulas because of the multiple positive food
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llergies). Greater than 98% of their population re-
ponded to an elemental diet,22 indicating that patients
ho failed testing did not identify the correct foods.
pergel et al also identified foods that were apparently
ausative based on reintroduction of single foods or
limination resulting in normalization of biopsy speci-
ens on elimination or significant eosinophilia on rein-

roduction. The most common foods were milk, egg, soy,
hicken, and wheat.73

Recommendations. The combination of prick
kin tests and APT has been successful in one center and
s being examined at other centers to verify these results.
n addition, APT has shown promise in atopic dermatitis
ith good predictive values, high specificity, and low

ensitivity, and APT has shown highly promising results
ith regard to food elimination diet and food reintro-
uction in patients with EE. However, its use should be
eserved until additional data from multiple research
eams emerge that clearly establish its value for diagnos-
ng and/or managing EE (Grade B). In addition, further
ata regarding the types of cells and immune response
hat is occurring at the site of patch testing are needed
eg, skin biopsy studies).

Treatment of EE
It is not known whether treatment will impact

ong-term outcomes of the disease, and the exact end
oints (reversal of symptoms and/or endoscopically or
istologically normal mucosa) are not certain. The lack
f evidence makes decisions regarding choice and dura-
ion of treatment difficult. Here, we present the evalua-
ion of the data regarding efficacy and safety of known
reatments.

Acid Suppression
Rationale. Gastric acid is not thought to be the

rimary mediator associated with the pathogenesis of EE.
atients with esophageal eosinophilia who are treated
ith PPI with resolution of their symptoms have GERD
nd not EE. Basic studies suggest that gastric acid inhi-
ition may predispose to an allergic phenotype but pop-
lation-based research has not yet been done to confirm
his hypothesis.95,96

Studies. PPIs play 2 potential roles for patients
ith EE. First, they are useful as part of the diagnostic

valuation in patients suspected of having EE. Lack of
linicopathologic response to PPI treatment in patients
ith an isolated esophageal eosinophilia is virtually di-
gnostic of EE.18,19,22 On the other hand, some patients
ith a well-established diagnosis of EE may develop re-
ux symptoms intermittently that are responsive to PPI
reatment. In a collection of 49 patients from 3 different
tudies, only 16% demonstrated significant symptomatic
mprovement following PPI treatment.13,35,50 In a study
f 102 patients with esophageal eosinophilia who were

reated with acid blockade, those who presented with less i
han 3 eos/HPF improved clinically and histologically,
hereas those with greater than 20 eos/HPF remained

ymptomatic and histologically abnormal.54,56 Rarely, pa-
ients who have a significant esophageal eosinophilia
espond to PPI medication. Ngo et al reported that 3
atients with significant esophageal eosinophilia (maxi-
um of 37, 21, and 52 eos/HPF) responded dramatically

o PPI therapy.2

Recommendations. Acid suppression is useful as
part of fulfilling the diagnostic criteria for EE. In

ddition, it may be used in lieu of esophageal pH mon-
toring for patients with established EE who have symp-
oms secondary to concomitant GERD. PPI therapy
hould not be considered as a primary treatment for
atients with EE. Rather, it may be considered as co-
herapy because it sometimes alleviates symptoms in part
Grade C). It is interesting to speculate that the esopha-
us of EE patients may have enhanced sensitivity to acid,
ven in the absence of pathologic reflux.

Esophageal Dilatation
Rationale. A number of studies document the

resence of esophageal narrowing in patients with EE.
he incidence of this complication is not certain. By the

ime this complication arises, medical management alone
ay not suffice, and thus mechanical dilatation may be

ecessary.
Studies. Several studies have reported the use of

sophageal dilatation of EE strictures in adults. Morrow
t al described 19 patients who underwent dilatation: 15
f 16 reported overall improvement in their dysphagia
fter multiple sessions of dilatation.50 No perforations
ccurred; however, deep mucosal tears, increased posten-
oscopy analgesia, and difficulty inserting the endoscope
ere reported in several patients. Straumann et al studied
1 EE patients who required esophageal dilatation.4 Of
hese, only 4 patients required repeat dilatation. Al-
hough the procedure caused severe mucosal tearing, no
erforations occurred. Over 50% became asymptomatic,
nd one patient reported no improvement in symptoms.
asilopoulos et al described 5 patients with small caliber
sophagus.39 Of these patients, all received esophageal
ougienage; 2 experienced extensive esophageal tearing
ssociated with chest pain and overnight hospitalization.
antu et al reported successful esophageal balloon dila-

ation in 2 cases.97 In the only pediatric study, Nurko
t al described 7 EE patients who underwent dilatation.
ive of the 7 patients had total symptom relief, whereas
he other 2 only had a partial response.43 Despite suc-
essful esophageal dilatation, a significant number of
atients developed a recurrence of their stricture requir-

ng repeat dilatation. The recurrence rate ranged from 7%
o 50% and occurred between 2 and 24 months.4,36,50,98

dditionally, as mentioned above, there have been a
umber of reports of esophageal mucosal tearing, signif-
cant pain, and rare reports of esophageal perforation.9
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oreover, there has been an association with linear
sophageal renting or tearing simply with the introduc-
ion of the endoscope through the stricture.

Although dilatation may not alter the underlying ab-
ormal esophageal histology, it may be required to facil-

tate esophageal function. Whether medical therapy
hould always be considered prior to performing dilata-
ion of strictures secondary to EE is not certain. No
tudies have demonstrated normal esophageal histology
fter dilatation without additional medical or dietary
herapy. Unless a critical stricture exists, a diagnostic
rocedure should be performed. If esophageal eosino-
hilia exists, patients not previously treated with acid
uppression should be started on PPI therapy. If EE
ersists, medical or dietary therapy should be initiated.
he approach to the untreated patient with narrowing is
ot certain. Approaches include pretreatment with nutri-
ional or medical treatments or immediate dilatation.

hether medical treatment before dilatation leads to a
etter outcome is not known. Although not proven, con-
ern exists that the use of steroids (systemic or topical)
ay exacerbate the risk of a perforation related to dila-

ation. Expert opinion suggests that residual strictures,
nresponsive to medical therapy, may be more safely
ilated, thereby reducing the risk of esophageal tearing.

Recommendations. Esophageal dilatation is use-
ul for symptomatic patients who present with symptom-
tic esophageal narrowing secondary to fixed strictures
ausing food impaction (Grade C). However, because of
he risk of mucosal tearing and perforation, whenever
ossible, a diagnostic endoscopy with biopsy followed by
edical or dietary therapy for EE should be attempted

rior to performing esophageal dilatation. Inspection of
he esophageal mucosa (radiographic or very gentle en-
oscopic examination) should be considered following
sophageal dilation to assess for laceration injury prior to
he performance of sequential, larger caliber dilation.

Corticosteroids
Rationale. Eosinophilic inflammation acutely re-

olves with the use of systemic corticosteroids in a num-
er of allergic diseases including asthma and eczema.
roposed mechanisms in which corticosteroids impact
osinophils include induction of apoptosis, down-regu-
ation of chemotactic factors, and inhibition of proin-
ammatory mediators. As such, a number of studies have
hown that corticosteroids significantly improve esopha-
eal eosinophilia in patients with EE. Although systemic
orticosteroids are effective, they are associated with sig-
ificant adverse effects. In contrast, swallowed topical
teroids administered by a metered dose inhaler (or in a
iscous solution) provide several advantages compared
ith systemic steroids. The dose of topical steroid is

ignificantly less, the liver rapidly metabolizes the topical
teroid, and the delivery of the medication is directly to

he esophageal mucosa. i
Studies: systemic steroids. Two early studies have
emonstrated that systemic glucocorticoids (prednisone)
re an effective pharmacologic treatment in resolving the
linicopathologic features of EE.61,71 In 1998, Liacouras et al
emonstrated that the use of systemic corticosteroids sig-
ificantly improved both clinical symptoms (within 7
ays) and esophageal histology (within 4 weeks) in 20 of
1 children with EE.56 No published studies to date have
ompared the impact of systemic corticosteroids with
ther treatments.

Clinical experience dictates that systemic corticoste-
oids are useful when urgent symptom relief is required.
hese patients include those with severe dysphagia, de-
ydration, significant weight loss, or esophageal stric-
ures. Additionally, steroids may be useful for EE patients
resenting with a small caliber esophagus or for those
atients deemed at high risk for esophageal perforation
hen undergoing esophageal dilatation. Dosages effec-

ive in relieving clinicopathologic abnormalities were
imilar to those used for inflammatory bowel disease (1–2

g/kg/day of prednisone; maximum 60 mg), although
ower doses have not been reported.56 Risk factors asso-
iated with long-term use of systemic corticosteroids
nclude growth abnormalities, bone abnormalities, mood
isturbances, and adrenal axis suppression among oth-
rs. Corticosteroids were weaned similar to a schedule
ollowed for patients with inflammatory bowel disease.
ypically, when the medication was discontinued, the
linicopathologic signs and symptoms recurred.

Studies: topical steroids. Beginning in 1998, mul-
iple studies demonstrated the effectiveness of swallowed
opical corticosteroids delivered from a metered dose in-
aler unit in treating clinical symptoms and abnormal his-
ology associated with EE in adults and children. The first
uch study was reported by Faubion et al who prescribed
wallowed fluticasone propionate (up to 880 �g/day) or
eclomethasone twice a day to 4 patients with EE.72 All 4
atients demonstrated an improvement in clinical symp-
oms; 1 patient underwent repeat posttreatment biopsy
nd showed resolution of mucosal eosinophilia.

Since that initial study, 47 adults and 33 children were
tudied in 4 separate studies.6,15,17,21 With regard to the
dults studied, 440 –500 �g twice daily of fluticasone
ropionate was administered for 4 – 6 weeks. Clinical
ymptoms improved in all but 1 patient; complete reso-
ution occurred in 75% of cases. Reported adverse effects
ncluded esophageal candidiasis in 3 patients and severe
ry mouth in 1 patient. Follow-up evaluation revealed a
ecurrence in symptoms in 17 of 37 patients between 3
nd 18 months after therapy was discontinued. With
egard to the pediatric patients studied, 220 – 440 �g
wice daily of fluticasone propionate was administered
or 6 –12 weeks. Clinical and histologic symptoms im-
roved in 31 of 33 patients; 2 patients had no significant
mprovement. Esophageal candidiasis developed in 6 pa-
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ients. Long-term follow-up and recurrence of symptoms
fter therapy was discontinued was not reported.

Details regarding the exact method of administration
ere not always presented, but clinical experience and
ocumented protocols recommend that patients spray
he metered dose inhaler in the mouth with lips sealed
round the device. Following administration, patients
hould not eat, drink, or rinse for 30 minutes.17,81 In an
ttempt to provide easier delivery of this form of medi-
ation, Aceves et al used a preparation of viscous budes-
nide.99 Two patients were studied and swallowed 500 �g
f oral budesonide mixed in a sucralose suspension twice
day. The patients’ symptoms as well as histopathology
ormalized within 3 months of initiating therapy.
A meta-analysis of the risk of inhaled corticosteroids

ound that fluticasone might lead to bone loss at total
aily doses higher than 750 �g each day. This risk may
ot be as great with swallowed topical steroids because
hey are rapidly metabolized by the first pass effect not
resent with inhaled steroids.100 Although this study
valuated inhaled steroids in patients with asthma, it
hould be noted that total daily doses of 1760 �g each
ay have been reported in patients with EE.15

Recommendations. Systemic and topical cortico-
teroids effectively resolve acute clinicopathologic fea-
ures of EE; however, when discontinued, the disease
enerally recurs. Systemic corticosteroids may be utilized
n emergent cases such as dysphagia requiring hospital-
zation, dehydration because of swallowing difficulties,
nd weight loss. However, because of the potential for
ignificant toxicity, their long-term use is not recom-

ended (Grade B). For many patients, topical corticoste-
oids are also effective in inducing EE remission. Al-
hough the incidence of adverse effects with this form of
dministration has not been formally studied, several
tudies have documented its safety, except for local fun-
al infections.

The use of topical corticosteroids for maintenance
reatment has not been studied. Age adjusted doses and
dministration frequency of topical corticosteroids, ie,
uticasone, budesonide, for children and adults with EE
ave not been established and these formulations were
ot designed for esophageal administration. One study
xtrapolated doses from those utilized in the treatment
f asthma.17 Since then, others have utilized higher doses
ithout significant complications.6,15,21,116 On the basis
f expert opinion and the current literature, suggested
tarting doses range from 440 – 880 �g per day for chil-
ren and 880 –1760 per day for adolescents/adults. Drug
as been administered by mouth and can be split into
wice or 4 times daily doses. Equally important is the

ethod of administration; patients should be instructed
o administer the MDI without the use of a spacer. The

DI should be inserted into the mouth, sprayed with
ips sealed around the device. The powder should then be

wallowed and not rinsed. Patients should not eat or o
rink for at least 30 minutes. This regimen is continued
or 6 – 8 weeks and then patients followed as described in

onitoring section (Grade B). More studies are needed to
larify specifics of topical steroid treatment plans. Also
ee Update section for information on alternative

ethod of administration.

Leukotriene Receptor Antagonists and Mast
Cell Stabilizers
Rationale. Inflammatory mediators such as cys-

einyl leukotrienes or preformed mediators found in
ranules released by mast cells have been theorized to
ause esophageal inflammation and tissue eosinophilia
hat occurs in patients with EE.

Studies: cromolyn sodium. The use of oral cro-
olyn sodium has never been formally studied in pa-

ients with EE. In a 10-year review, Liacouras et al pre-
ented information on 14 EE patients treated with 100

g oral cromolyn, 4 times daily for 1 month.22 The study
emonstrated that no patient improved either clinically
r histologically.

Studies: leukotriene receptor antagonists. Two
tudies have addressed the role of leukotriene receptor
ntagonists in patients with EE. Attwood et al utilized up
o 100 mg in 8 patients diagnosed with EE manifested by
ysphagia and symptoms of gastroesophageal reflux.13

fter several weeks of treatment, 7 of the 8 patients
howed complete symptomatic resolution; the other pa-
ient improved but did not completely resolve. The med-
cation was maintained for a median of 14 months at
oses ranging from 20 to 40 mg per day. Once discon-
inued, 6 of 8 patients had a recurrence of symptoms
ithin 3 weeks. Minimal adverse effects (nausea, myalgia)
ccurred; however, no significant improvement in histol-
gy was appreciated. Gupta et al determined esophageal
ucosal levels of cysteinyl leukotrienes in children with

E and normal controls and found that they were similar
n both groups.30

Recommendations. Although cromolyn sodium
as no significant adverse effects, it has no apparent
herapeutic effect for patients with EE. Leukotriene re-
eptor antagonists have been shown to induce symptom-
tic relief at high dosages; however, its use has not been
hown to have any effect on esophageal eosinophilia.

easurements of mucosal leukotriene levels do not sug-
est potential for a therapeutic benefit. The use of these
rugs for the treatment of EE is not supported by the
urrent literature (Grade C).

Dietary Treatment
Rationale. There is strong circumstantial but not

efinitive evidence that food allergens contribute to the
athogenesis of EE in children. The removal of food
ntigens has clearly been demonstrated to treat success-
ully both the symptoms and the underlying histopathol-

gy in the majority of patients with EE. The elimination
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f causative foods can follow several therapeutic regi-
ens. First, specific food elimination can be based on

llergy testing and clinical history. Second, the decision
o limit foods can be based on simply removing the foods
eemed to be the most likely to cause EE. Finally, an
mino acid-based formula can be utilized, thus removing
ll potential food allergens. The effectiveness of dietary
herapy in adults has not been studied.

Studies: specific food elimination. As was men-
ioned in the section entitled Allergy Testing, diagnostic
ests consisting of radioallergosorbent testing and IgE
kin prick tests are limited and may have poor predictive
alue in implicating those antigens that provoke an in-
ammatory response in the esophageal mucosa. Several
tudies have demonstrated poor correlation of these tests
o improvement of either symptoms or tissue inflamma-
ion.17,21 However, in one academic center, the introduc-
ion of APT used in combination with IgE skin prick
esting significantly increased the ability to identify po-
ential food allergens. Spergel et al described the use of
ombination skin prick and APT in 146 patients with
E.73 Of these, 112 patients (77%) demonstrated clinical
nd histologic improvement after 6 weeks of dietary
estriction based on allergy testing utilizing skin prick
ests and APT.

Studies: removal of selected causative foods. In
n attempt to minimize allergy testing and determine
tiologic food allergens, Kagawalla et al demonstrated
hat the removal of the 6 most common allergenic foods
dairy, eggs, wheat, soy, peanuts, fish/shellfish), without
he aid of allergy testing, demonstrated significant effi-
acy.85 Approximately 74% of the 35 patients who re-
eived the 6-food elimination diet demonstrated signifi-
ant improvement both clinically and histologically. The
tudy also compared the 6-food elimination diet to 25
atients who received a strict amino acid-based diet with
o other added foods. The comparison revealed that,
lthough both diets significantly improved the clinico-
athologic features of the disease, the elemental diet was
ore effective with regard to the number of patients who

esponded (22 of 25) and with regard to the residual
umber of eosinophils per HPF (13.6 in the 6-food
roup; 3.7 in the amino acid formula group).

Studies: amino acid-based formula. The use of
n amino acid-based formula is currently the gold stan-
ard in determining whether food antigens are responsi-
le for EE in those patients who do not respond to diet
limination of specific antigens. In children, the use of an
lemental formula has been shown to be extremely effec-
ive in 92%–98% of patients.23,55 Patients’ symptoms re-
olved within 7 to 10 days followed by almost complete
istologic resolution of the esophageal eosinophilia
ithin 4 to 5 weeks. After the symptoms and histology
ormalized, a slow reintroduction of select foods was

nitiated. Because of poor palatability, the use of a strict

mino acid-based formula frequently required enteral a
eeding via a nasogastric or gastrostomy tube as reported
n these studies. Additionally, the administration of these
ormulas can be costly.

Recommendations. Dietary therapy (the specific
ntigens removal or elemental formula) should be con-
idered as an effective therapy in all children diagnosed
ith EE (Grade B). When deciding on the use of a specific
ietary therapy, the patient’s lifestyle and family re-
ources also need to be considered. Consultation with a
egistered dietitian is strongly encouraged to ensure that
roper calories, vitamins, and micronutrients are main-
ained. The use of dietary therapy in adults requires
urther study.

Biologics
Rationale. Potential future treatment includes

he use of monoclonal antibodies such as anti-IL-5. Bio-
ogic treatments, like anti-IL-5, specifically target the

olecule receptors that influence the production, migra-
ion, and activation of the eosinophil, subsequently re-
ucing esophageal tissue inflammation.101 Notably,
nti-IL-5 or IL-5 gene deletion blocks induction of exper-
mental EE in mice, including esophageal epithelial hy-
erplasia, providing preclinical evidence that this strategy
ay be effective in EE.

Studies. Garrett et al demonstrated the effective-
ess of anti-IL-5 antibodies in an adolescent male who
ad hypereosinophilic syndrome manifested by signifi-
ant esophageal eosinophilia.102 Anti-IL-5 was adminis-
ered via an intravenous infusion monthly. Within 3

onths of treatment, the patient’s symptoms and esoph-
geal eosinophilia dramatically improved (Grade C).

Recommendations. Novel biologic agents present a
nique opportunity for certain patients with EE. These
olecules await clinical trials and cannot be recommended

or routine use at the present time (Grade C).

Treatment Panel Discussion
Treatment recommendations are based on the po-

ential unknown deleterious impact of chronic esopha-
eal eosinophilia. Minimizing treatment adverse effects
nd maintenance of a high quality of life are additional
reatment goals. Drug treatments are less restrictive, plac-
ng no compromises on the patient’s diet, but carry
otential adverse effects and unknown duration of treat-
ent. Dietary treatments give the prospect of prolonged

emission but entail significant lifestyle modification.
Despite the advances that have been made, controversy

ontinues regarding treatment end points. Should treat-
ent be aimed at symptomatic improvement or toward

istologic resolution of eosinophilia? An analogy with
nflammatory bowel disease may be made: the treatment
f inflammatory bowel disease and celiac disease is aimed
t symptomatic relief and not histological normalcy. In
ontrast, chronic esophageal inflammation secondary to

cid reflux has been shown to contribute to Barrett’s
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sophagus and potential esophageal cancer. Because we
o not yet know the impact of chronic, untreated esoph-
geal eosinophilia, there is an urgent need to determine,
r even estimate, the natural history of EE so that we can
etter weigh the morbidity of chronic therapy against the
isk of future complications.

Treatment end points. The goal of therapy re-
ains unsettled. At the minimum, treatment should be

imed at relieving symptoms, which would ideally be
ccompanied by resolution of esophageal eosinophilia.
owever, resolution of symptoms and esophageal eosin-

philia may not occur concordantly. Substantial esoph-
geal eosinophilia persists in some patients who are
symptomatic or have only minimal symptoms. The op-
imal approach to such patients is unclear. On the one
and, more aggressive treatment may help prevent pro-
ression to permanent esophageal dysfunction and pos-
ibly improve symptoms that may not have been fully
ppreciated by the patient or parents. On the other hand,
he natural history of esophageal eosinophilia has not
een well established, and it is thus not clear whether all
atients with persistent esophageal eosinophilia are des-
ined to develop complications. There are no well-estab-
ished markers to predict patients at increased risk, al-
hough those who have already developed esophageal

orphologic abnormalities (such as rings, strictures, or
arrowing) have already established themselves as being
t increased risk.

At the same time, more aggressive treatment may have
mplication on quality of life and/or adverse effects.
limination of foods in children, for example, can de-
rease quality of life in the patients and their family
embers. Corticosteroids, even if given topically, have

een associated with esophageal candidiasis, and the
ong-term safety of strategies involving such treatment is
nknown.
Thus, we suggest that treatment be initially aimed at

mproving symptoms. In those with persistent esophageal
osinophilia, the decision to advance treatment should be
ased on the degree of symptoms, the age of the patient, the
resence of esophageal morphologic abnormalities, the re-
ults of monitoring (see below), and the patient’s and fam-
ly’s values and preferences (Grade C).

Monitoring. Optimal strategies for monitoring pa-
ients with EE have not been established, and there contin-
es to be variability among experts. EE has not been asso-
iated with the development of esophageal malignancy,
lthough follow-up has been short. Thus, the main aim of
onitoring is to prevent progressive esophageal dysfunc-

ion and detect complications from therapy.
In children with EE, many experts perform periodic

ndoscopy and/or barium studies to evaluate for persistent
sophageal eosinophilia and/or the development of esoph-
geal morphologic abnormalities. However, as noted above,
hether the detection of persistent esophageal eosinophilia
n asymptomatic patients warrants more aggressive therapy a
s unclear. Furthermore, there have been few studies to
uide the biopsy protocol and the optimal interval for
urveillance and to clarify baseline fluctuation in the density
f esophageal eosinophilia with time. Whether surveillance
and the subsequent response to findings on surveillance)
mproves outcomes is unclear. Surveillance endoscopies
re also associated with the potential for complications.
n particular, patients with EE are at increased risk for
sophageal tears and perforation.

Similar issues apply to adults with EE. Adults are more
apable than younger children to report accurately their
ymptoms; however, whether monitoring symptoms alone
s sufficient to guide treatment decisions remains uncertain.
ome experts suggest periodic, regular, upper endoscopy
egardless of symptoms, whereas others suggest upper en-
oscopy guided mainly by changes in symptoms.

Recommendations. In children and adults with
E, we suggest regular clinic visits during which the patient
nd parents should be questioned about symptoms, com-
liance with therapy, and adverse effects (Grade C). This
uggestion is based on improving the recognition of
ong-term complications associated with chronic esoph-
geal eosinophilia; presently, the incidence of complica-
ions is unknown.

In children, options for endoscopic and radiographic
onitoring should be discussed considering the issues

bove. One approach might be to perform repeated up-
er endoscopies until settling on a treatment regimen
hat has controlled symptoms and ideally resolved
sophageal eosinophilia. Repeat examinations can be
ased on change in symptoms or compliance with
herapy. If repeat endoscopy with biopsy is planned, it
hould be performed no sooner than 4 weeks after the
ast therapeutic intervention. These suggestions are
ased on improving the recognition of long-term com-
lications associated with chronic esophageal eosino-
hilia; currently, data are not available to determine
he optimal method to follow patients.

In asymptomatic patients with persistent esophageal
osinophilia, a repeat upper endoscopy can be performed
ollowing institution of additional treatment. For those
n whom additional treatment is deferred, a repeat upper
ndoscopy and/or barium swallow can be obtained every

to 3 years to evaluate for progressive disease, but the
isks of this approach outside of a clinical research pro-
ocol need to be weighed against the unknown benefits;
his is especially important because the accuracy of his-
ologic and radiologic predictors of disease progression is
nclear.
The approach to adults with EE should consider sim-

lar principles as described above for children. However,
linical experience suggests that adults may be inclined to
uide treatment based mainly on symptoms. Thus, the
eed for surveillance should also consider willingness to

ccept more aggressive treatment based on the results.
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Future Research
Today, the care of patients with EE stands at a

rossroad (see Table 6). Clinical experience and the cur-
ent literature dictate that EE is a chronic disease with
ew patients, if any, outgrowing their illness. Whether

erely a subset or a majority of these patients is at risk to
evelop irreversible fibrotic changes is not known. If a
tricture develops, the timetable is also unknown. These
ilemmas complicate the question: What are appropriate
reatment end points: symptom resolution, histologic
emission, or both? Natural history studies will be key to
etermining whether treatment alters the disease pro-
ression. Basic studies directed at understanding the
echanisms by which eosinophils contribute to esopha-

eal injury will be critical.
Currently, clinicians are limited to endoscopic biopsies

n making the proper diagnosis and, in many circum-
tances, establishing disease remission. The identification
f novel methods to assess disease activity, by reducing
eliance on repeated endoscopies, will significantly im-
rove the quality of life of patients and likely reduce the
conomic burden of the disease. Mechanistic pathways
ust be further delineated to identify target molecules

or intervention. Results of these studies will also lead to
ovel therapeutic approaches (such as anti-IL-5 antibody,
nti-eotaxin-3 antibody) that will be particularly impor-
ant for patients who cannot comply with current med-
cal and nutritional approaches, those with recalcitrant
isease, and those with fibrotic changes.
Finally, instituting appropriate treatment has become
challenging and time-consuming clinical process. Nu-

ritional (dietary antigen elimination, elemental diet) and
teroid treatments are both effective in inducing clinico-
athologic remission in most patients, but some patients
re still recalcitrant or encumbered by nonadherence or
ntolerable adverse effects. The definition and recogni-
ion of disease subtypes, using clinical phenotypes and/or
iomarker profiles, holds promise for future identifica-
ion of at-risk (for fibrosis and stricture formation) sub-
roups for more aggressive therapeutic intervention and
onitoring. For instance, recent studies suggest that

here are allergic and nonallergic phenotypes, and this
nformation may guide future treatment into different
pproaches. The challenge will be to develop appropriate

able 6. Unresolved Issues

Maintenance medical management
Treatment end points
Natural history
Best method to identify food/aeroallergens
Degree of eosinophilia associated with GERD
Evaluation and management of the asymptomatic patient with

esophageal eosinophilia
Etiology and pathogenesis
ranslational studies that define valid phenotypic subsets. t
The past decade has witnessed the emergence and
ecognition of a new disease entity with unique features
hat differentiate it from gastroesophageal reflux disease,
ith which it had been confused. The joint efforts of

linical scientists and basic scientists to undertake stud-
es on natural history, pathophysiology, biomarkers, and
herapeutic approaches will be critical to developing
ovel diagnostic tools and therapeutic options that will

mprove the lives of affected children and adults.

Update Since the First International
Gastrointestinal Eosinophil Research
Symposium
At the time of acceptance of this article (July

007), there has already been a remarkable 25% growth of
ubMed articles concerning EE including high-quality
rticles about epidemiology, diagnosis, pathogenesis, and
reatment (including the first controlled clinical trial and
arly results with a novel targeted biotherapeutic agent).
otably, these studies were contributed by investigators

n 3 continents, including Europe (Sweden, Switzerland,
nd Spain), America (United States and Canada), and
ustralia; this highlights the expanded global health bur-
en of EE. Interestingly, a recent comprehensive litera-
ure review about the diagnostic criteria for EE indicated
he need for a consensus standard,103 highlighting the
alue of our current report.

In the area of diagnostics, the striking association of
E with food impaction,104 dysphagia,105 and multi-
inged esophagus was reported in several papers.105 In-
erestingly, the familial association of EE was expanded
o include the cooccurrence of dysphagia and Schatzki
ings in family members of EE patients.106 Furthermore,
reliminary studies concerning cooccurrence of EE with
eliac disease, erythema nodusum, and anticonvulsant hy-
ersensitivity syndrome were reported.107–109 One long-term
istory study in pediatrics reported the chronic and relaps-

ng nature of EE and a strong predominance among
hites.110

In the area of diagnostics, an important surveillance
ndoscopy study in 1000 healthy individuals in Sweden
evealed the presence of esophageal eosinophilia in 5% of
ndoscopic biopsy specimens, with 1% of individuals
eeting diagnostic criteria for EE.111 This raises the pos-

ibility that the prevalence of EE may be substantially
igher than expected, especially in view of the chronic
nd relapsing nature recently reported.110 A retrospective
tudy reported that the incidence of EE in a pathology
atabase in Iowa was similar in 1990 and 2005, suggest-

ng that the recent recognition of EE is not due to
ncreased disease awareness rather than increased inci-
ence.112 In addition, 2 early studies reported the poten-
ial utility of noninvasive biomarkers based on the levels
f peripheral blood eosinophils, EDN, eotaxin-3, and
ononuclear cell Th2 cytokine production in response
o food and/or aeroallergens.82,113
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Several major advances in the area of therapy were
eported, including an early provocative study demon-
trating the ability of a humanized anti-IL-5 monoclonal
ntibody markedly to reduce esophageal eosinophilia
nd improve clinical symptoms in adult patients with
ong-standing disease.114 Positive and negative predictive
alues for skin testing and patch testing for EE were
etermined for the most common foods in EE.115 Fur-
hermore, the first double-blind, placebo-controlled trial
n EE was reported.116 In particular, the investigators
valuated the effect of swallowed fluticasone (880 �g
aily) vs placebo in a 3-month trial. Notably, they were
ble to demonstrate strong efficacy of fluticasone com-
ared with placebo, but only 50% of patients responded
o the study drug, likely because of the existence of
orticosteroid resistance in a substantial number of EE
atients. In addition, the investigators defined the first
lacebo effect in EE at �10%; this will have significant

mpact on the design of future clinical trials. A retrospec-
ive study reported the success of oral viscous budesonide
n 20 pediatric patients.99

In a retrospective study of 20 children, median age 4.1
ears (1.7–17.6), some 85% responded within 3– 4 months
esolution or improvement of symptoms and histopa-
hology to use of topical steroid administered as a slurry
f oral viscous budesonide (OVB). They had previously
ailed PPI treatment alone. This form of treatment is
articularly suitable for younger children who may have
ifficulty with taking medication by inhaler. Patients
eceived OVB 1–2 mg daily and were instructed not to
ngest any solid or liquid food for 30 minutes after its
dministration. Children under the age of 10 years re-
eived OVB 1 mg daily and those who were 10 years or
lder received 2 mg/day. Viscous budesonide was made
y mixing each 0.5 mg Pulmicort Repulse with 5 g (5
ackets) or sucralose (Splenda) to create a volume of
–12 mL. A Pulmicort Respule is liquid budesonide in-

ended for nebulized administration (0.5 mg budes-
nide/2 mL).

Finally, advances in understanding disease pathogene-
is included an important paper describing the role of
daptive immunity in a murine model of EE (consistent
ith the view that EE is an antigen-driven disease) and a

ompelling paper that demonstrated the presence of ex-
ensive tissue remodeling (including deposition of collagen
nd evidence of angiogenesis) in EE biopsy specimens from
ediatric patients.117,118 Of note, the investigators provided
vidence for the overexpression of transforming growth
actor � and its signaling molecule, phosphorylated
MAD2. The level of esophageal remodeling as well as the
resence of activated IgE-bearing mast cells distinguished
E from GERD patients.119,120 Additionally, evidence for
ooperation between systemic Th2 immunity and local

otaxin-3 production was reported.121 C
Appendix 1. FIGERS Subcommittees
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Endoscopy
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