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ackground & Aims: In children, eosinophilic esophagitis
EE) is predominantly, but not exclusively, a food-hypersensi-
ivity disorder. A crystalline amino acid– based elemental diet
ELED) formula currently remains the most effective nutri-
ional treatment in inducing clinical and histologic remission.
owever, compliance with an exclusive, poor-tasting liquid for-
ulation is difficult. Methods: This retrospective observa-

ional study assessed the short-term clinical and histologic
esponses of 2 cohorts of children with EE evaluated during 2
ifferent time periods: one was treated with the standard 6-food
limination diet (SFED) and the other was treated with ELED.
f the 60 children who met the inclusion criteria and were

ompliant with the dietary protocol, 35 were treated with a diet
xcluding cow-milk protein, soy, wheat, egg, peanut, and sea-
ood while allowing all other table foods and 25 were treated
xclusively with ELED. Repeat esophageal biopsy specimens
ere obtained at least 6 weeks later. Results: Twenty-six of 35

74%) in the SFED group and 22 of 25 (88%) in the ELED group
chieved significant improvement of esophageal inflammation
�10 eosinophils/high-power field). The pretreatment and
osttreatment peak eosinophil counts for the SFED were
0.2 � 44.0 and 13.6 � 23.8 (P � .0001) and 58.8 � 31.9
nd 3.7 � 6.5 (P � .001) for the ELED group, respectively.
onclusions: SFED treatment was associated with clinical

nd histologic improvement in EE in an observational study. It
ffers advantages of better acceptance, cost, and compliance
han ELED and should be considered as an option in the initial

anagement of children with EE.

osinophilic esophagitis (EE) is a chronic inflammatory
disorder characterized by dense eosinophilic infiltration of

he esophageal epithelium with gastroesophageal reflux dis-
ase–like symptoms resistant to aggressive acid suppression. In
995, Kelly et al1 described a cohort of 10 children with esoph-
geal eosinophilia resistant to multiple courses of standard
ntireflux therapy whose long-term symptoms and biopsy ex-
mination results improved once intact protein was removed
rom their diet and replaced with an amino acid– based for-

ula. Subsequent controlled re-introduction of solid foods
esulted in recurrence of gastrointestinal symptoms specific to
ndividual foods. This seminal article established a clear link
etween food hypersensitivity and esophageal injury in that
roup of patients. Several descriptive pediatric studies have

ince established EE as a distinct clinical entity different from
evere peptic esophagitis resulting from gastroesophageal reflux
isease.2–9

Besides elemental diet, the only effective treatment approach
or this disorder has been topical and systemic glucocorticoste-
oids, which induce only temporary clinical and histologic re-

ission.10 –13 After initial induction of remission with cortico-
teroids long-term maintenance steroid therapy is necessary to

aintain remission. Prolonged use of systemic corticosteroids
s associated with numerous well-known side effects including
drenal suppression, cataracts, and growth retardation; candi-
iasis has been reported with topical steroids.13–15 Other novel
herapies for EE include montelukast, a selective D4-receptor
ntagonist that has shown clinical without corresponding his-
ologic improvement in adults,16 and mepolizumab, an anti–
nterleukin-5 monoclonal antibody that has been used to treat
ypereosinophilic syndrome and has resulted in resolution of
ymptoms and reduction of esophageal eosinophilia in a single
dult patient with EE.17 Safety profile and optimal dosing in
hildren are awaited pending phase II trails. In contrast to these
herapies, substitution of all intact protein with an exclusive
rystalline amino acid– based formula is an effective, if unpal-
table, treatment modality that both relieves clinical symptoms
nd normalizes esophageal histology in EE.12 This approach
as been used more widely because it lacks the potential side
ffects associated with steroid therapy and it eliminates the
nderlying source of esophageal injury. However, compliance
ith elemental therapy can be compromised because of its poor

aste.18 This difficulty is often overcome by using nasogastric or
astrostomy feedings that compound patient discomfort and
arental distress. The exclusion of all solid foods coupled with
he monotonous same liquid nutrient can lead to frustration
nd dietary cheating. The child’s participation in many social
ctivities can be curtailed because most activities revolve around
ood.19

In an effort to make the dietary approach more palatable,
nd to overcome the compliance resistance, we explored an
lternative dietary approach of eliminating several, but not all,
ntact food proteins with a 6-food elimination diet (SFED). We
pecifically excluded milk protein, soy, egg, wheat, peanut/tree

Abbreviations used in this paper: EE, eosinophilic esophagitis; ELED,
lemental diet; HPF, high-power field; SFED, 6-food elimination diet.
© 2006 by the American Gastroenterological Association (AGA) Institute
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uts, and seafood, which are not only foods that are associated
ost commonly with food allergies in children, but also those
ost commonly reported to cause esophageal mucosal injury in

hildren with EE.20,21 Because the majority of solid foods are
llowed we believed this diet would be more acceptable to the
atients and their families. If healing occurred on SFED then
he number of foods that would need to be re-introduced to
etermine the offending antigens would be greatly reduced. The
rimary objective of the present study was to establish that
FED is efficacious in treating children with EE and the sec-
ndary objective was to assess the compliance relative to an
lemental diet (ELED), which is the most common dietary
odality in children.

Materials and Methods
Definition of Eosinophilic Esophagitis
Children and adolescents with chronic gastrointestinal

ymptoms including vomiting, epigastric abdominal pain, dys-
hagia, food impaction, failure to thrive, and food aversion who
ere refractory to proton pump inhibitor therapy (lansprazole,
meprazole) were diagnosed with EE based on 20 or more
osinophils per high-power field (HPF), equivalent to 400�
agnification, in the esophageal biopsy specimens with normal

astric and duodenal biopsy specimens. The eosinophil counts
ere from an area of the esophagus with the highest number of

osinophils for both the initial diagnostic and after interven-
ion therapy and are referred to as the peak eosinophil count.

idesophageal and distal esophageal biopsy specimens were
equired for the initial assessment but patients referred from
utside institutions with only distal esophageal biopsy speci-
ens also were included in the study. All biopsy specimens were

eviewed by a single board-certified pathologist (H.M.-A.)
linded to the clinical information. Patients treated with swal-

owed steroids or leukotriene-receptor antagonist were ex-
luded.

Study Design and Participants
This observational study examined 2 cohorts of chil-

ren with EE seen in the division of Gastroenterology, Hepa-
ology, and Nutrition at Children’s Memorial Hospital in Chi-
ago, Illinois. One cohort of 27 children was diagnosed with EE
etween January 2001 and September 2003 and was treated
ith ELED consisting of a crystalline amino acid– based for-
ula (Neocate, Neocate EO28, Neocate 1�; SHS International,

iverpool, UK, or Elecare; Ross Pediatrics, Abbott Laboratories,
bbott Park, IL); all solid foods were excluded from the chil-
ren’s diet in this group. Compliance with ELED required
dministering the formula via nasogastric or feeding gastros-
omy tubes.

Between October 2003 and June 2005, a second cohort of 39
hildren with EE were managed with the SFED, which permit-
ed all solid table foods except cow-milk protein, soy, egg,
heat, peanut/tree nuts, and fish. Processed foods that con-

ained these 6 foods as ingredients also were excluded from the
iet. The choice of these 6 foods was based on the list of most
ommon allergenic foods previously reported.20,21 The dura-
ion of this diet was 6 weeks, with systematic expansion of the
iet once histologic recovery was shown. A registered dietitian

S.R.) initially instructed and regularly counseled (and re-

ponded to telephone and e-mail inquiries) the parent(s)/guard- S
an(s) about the SFED and provided printed lists that clearly
dentified the foods to be avoided and instructions about care-
ully reading food labels to avoid cross-contamination. The
arent(s)/guardian(s) also were instructed on how to achieve an
ge-appropriate balanced diet in the face of elimination of
everal common food stuffs. All patients had their weight mon-
tored after 6 weeks at the time of repeat endoscopy. During the
nitial evaluation patients’ parents were asked open-ended ques-
ions about their clinical presentation but at their follow-up
osttherapy visit they were questioned specifically if their initial
ymptom(s) resolved, improved, or did not change.

Outcome Measures
Outcome measures were based on symptomatic and

istologic responses to either of the 2 dietary approaches. His-
ologic outcomes were based on posttreatment esophageal
mid- and distal) peak eosinophil counts in the area of highest
ensity irrespective of the biopsy examination site. They were
efined as follows: complete histologic resolution or healing for
eak eosinophil count of 0 –1 per HPF, significant histologic

mprovement for peak eosinophil count up to 10 per HPF.
artial response was defined as a peak eosinophil count between
1 and 20 per HPF and treatment failure was defined as a peak
osinophil count greater than 20 per HPF after 6 weeks treat-
ent. Pretreatment and posttreatment symptoms also were

eported. The principal outcome measure for improved histo-
ogic outcome for the purpose of this study was an esophageal
osinophil count of 10 or less per HPF after dietary therapy
ith either ELED or SFED. The treatment end point thus was

ndoscopic biopsy examination after at least 6 weeks after
reatment with either dietary modality.

Statistical Methods and Analysis
Paired t tests were used to analyze the differences in

retreatment and posttreatment histology and significance was
efined as a P value of less than .05. Equivalence testing was
sed to compare the proportion of patients with significant
istologic improvement, as defined by a mucosal eosinophil
ount of 10 per HPF or less after treatment by ELED and SFED.

95% confidence interval for the differences in the proportion
f patients who improved was calculated. This confidence in-
erval was compared with a range for a nontrivial clinical
ifference (�10 to �10) to determine equivalence. The data
ere analyzed by using SAS version 9.1 (SAS Institute, Cary,
C).

Ethics
This study was approved by the institutional review com-

ittee at Children’s Memorial Hospital in Chicago, Illinois.

Results
Of the 39 children (72% boys) who were managed with

FED, 4 were dropped from the study: 2 for dietary noncom-
liance and 2 for having more than 6 foods excluded from their
iet. Of the 27 children (82% boys) begun on ELED, 2 were
ropped from the study for dietary noncompliance. The patient
rofiles and symptoms of the 2 groups were similar with the
xception that the ELED group had more children presenting
ith failure to thrive and food aversion compared with the

FED group (Tables 1 and 2). Only 7 ingested the ELED and 18
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September 2006 SFED AND IMPROVEMENT IN EE 1099
72%) required administration via either nasogastric (9) or gas-
rostomy (9) tube.

The clinical symptom response of patients to the 2 treat-
ents is shown in Table 2. The 5 children with failure to thrive

reated with SFED showed a mean weight gain of 1.32 kg
range, .9 –2.0 kg) over 6 weeks of treatment. The mean weight
ain in children with failure to thrive in the ELED group was
.03 kg (range, .1–2.1 kg). We were unable to assess the response
f food aversion in the ELED group because all 6 were only tube
ed.

Pretreatment midesophageal and distal esophageal biopsy
pecimens were obtained from 51 patients and 9 referred pa-
ients had only distal esophageal biopsy specimens. Figures 1
nd 2 show the peak individual pretreatment and posttreat-
ent eosinophil counts for all SFED and ELED patients. The

eak mucosal eosinophil counts from biopsy specimens at
resentation and posttreatment for the ELED group were 58.8

31.9 and 3.6 � 6.5 (P � .001), respectively, and 80.2 � 44.0
nd 13.6 � 23.8 (P � .0001), respectively, for the SFED group.
omplete mucosal healing was seen in 10 of 35 (29%) in the
FED group and in 14 of 25 (56%) in the ELED group. The
ost-treatment biopsy examination mucosal eosinophil counts
et the criteria for significant histologic improvement (�10/
PF) in 74% and 88% of children in the SFED and ELED

roups, respectively, and are shown in Table 3. Therefore, the
ajority of children in both groups met the criteria for signif-

cant histologic improvement in response to dietary therapy.
Of the 6 children who failed SFED, 1 had subsequent sig-

ificant histologic improvement in esophageal eosinophilia
hen milk protein cross-contamination in processed food was

liminated. Of the SFED failures treated with ELED, 3 had
ignificant and 1 had partial histologic improvement. One pa-

able 1. Patient Profile

SFED ELED

umber of patients 35 25
ean age, y 6.2 6.4
ale sex, n (%) 26 (74) 22 (88)
thnicity (white/black/Asian/Latino) 27/4/2/2 16/4/4/1
topic, n (%) 20 (57) 14 (56)
czema/asthma/rhinitis 12/8/7 11/9/3

OTE. A total of 60 patients were included in the study.

able 2. Number of Patients With Initial Symptoms and Resp

Symptom

SFED (N � 35)

Resolved Improved N

omiting 15 5
bdominal pain 8 1
ysphagia 8
ood impaction 7
ailure to thrive 5
ood aversion 2 1
ausea 4
iarrhea 2
ough 2
alitosis 1
Same patient who also had no histologic improvement.
ient refused ELED or corticosteroid treatment. The only pa-
ient in the ELED group who did not respond to treatment also
erially failed topical and systemic corticosteroid treatment and
as classified as nonallergic EE.

Discussion
In this study, the SFED, excluding cow-milk protein,

oy, egg, wheat, peanut/tree nuts, and fish induced improve-
ent in clinical symptoms and significantly reduced esophageal
ucosal eosinophilia in a majority of children with EE. The

esults suggest that SFED is an effective treatment modality
oth in improving symptoms and reducing inflammation asso-
iated with EE. This study further shows that SFED has the
ractical and palatable advantages of allowing table foods in
he diet and therefore better acceptability by patients and their
amilies.

We had 3 compelling reasons to study the effect of this novel
FED dietary treatment in children with EE. First, previous
tudies have shown that eliminating foods based on the results
f the radioimmunosorbent test and the skin prick test is not
ffective in resolving symptoms and esophagitis.2,3 So instead
f using proven allergy to identify food allergens, and in an
ffort to provide a semblance of a regular diet, we planned to
emporarily eliminate 6 foods that are the most common food
llergens in children.20 This diet would circumvent the discom-
ort and distress of feeding tubes and the monotony of the
ame liquid diet. Second, this dietary approach to treating EE
as assessed to be nutritionally safe and one that was expected

o induce short-term remission similar to that when gluten is
xcluded in celiac disease. Third, although strict, exclusive
LED has been shown to be highly effective in inducing remis-
ion in children with EE,12 compliance remains a problem even
hen tube feedings are used, as shown in 2 of our excluded
atients. The strict ELED places significant financial and social
urdens on families because it can cost between $900 and
1500 per month to provide adequate calories for growth in a
0-kg child. The placement and maintenance of the tubes also

ncurs additional health care costs,22,23 and leads to an im-
aired quality of life and also affects social life because most
hildhood activities revolve around food.24 By contrast, SFED
llows most regular table foods and is therefore better accepted.
e found that compliance with SFED was high and potential

ood cross-contamination was extremely low, and it was less
rustrating and disruptive to family life. Finally, once SFED

to SFED and ELED

ELED (N � 25)

ange Resolved Improved No change

a 15 3
a 4 1

2
1

14 1
a Tube fed

0
2
1

onse

o ch

1
1

1
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chieved remission the subsequent sequential food challenges
nvolved only 6 foods as compared with more than a hundred
oods with the ELED.

Those who failed SFED treatment (esophageal eosinophil
ount �20/HPF) were offered the option of treatment with
LED. Four of these 5 patients showed histologic improvement
ith elimination of all the intact proteins, thus showing that

ood proteins other than the 6 excluded ones were involved in
ausing the esophageal inflammation in the nonresponders.
ne patient failed the elemental diet and both topical and

ystemic steroids, indicating a nonallergic cause.
At present there is no standard recommended therapy for

E.13 The dietary approach is challenging and unpalatable and
harmacologic options have side effects. The ideal treatment is
ne that leads to long-term clinical and histologic remission,
hus preventing potential complications such as esophageal
trictures. Our data suggest that temporarily eliminating the

igure 2. Pretreatment and post-
reatment esophageal eosinophil

ount after ELED (N � 25).
ost common food allergens such as cow-milk protein, soy,
gg, wheat, peanut/tree nuts, and fish is effective at inducing
hort-term clinical and histologic improvement in a majority of
hildren and may be an effective approach that limits the
umber of foods for subsequent challenges. Based on our
ndings, SFED appears to be an effective short-term therapy for
hildren with EE. As an added benefit, this approach reserves
ther more difficult treatment options including an amino acid
lemental formula, allergy test– directed elimination diets, and
orticosteroids for the children who fail SFED. However, be-
ause this study did not collate long-term follow-up data it is
ot be possible to predict the eventual outcome in those in
hom causal food allergens are identified. For instance, it is not
nown if tolerance to the incriminating food(s) will develop in
ime as occurs with cow’s-milk protein enterocolitis25 or
hether this is a permanent sensitivity requiring life-long ex-

lusion such as gluten-containing foods in celiac disease.26

Figure 1. Pretreatment and post-
treatment peak eosinophil counts af-
ter SFED (N � 35).
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September 2006 SFED AND IMPROVEMENT IN EE 1101
The major limitation of this study is the lack of long-term
ata about identification and exclusion of specific incriminat-

ng food allergens and the eventual outcome in patients with
E. The other major shortcoming is in the design of this study.
here were several years separating the 2 observational inter-
ention study groups, making meaningful comparison of the
fficacy and superiority of one treatment modality over the
ther almost impossible.

Although this therapy is effective it also presents chal-
enges in appropriately implementing an elimination diet,
hich is difficult without the active participation of a regis-

ered dietitian. To strictly comply with SFED initially and to
rovide subsequent ongoing active dietary counseling the
articipation of a registered dietitian is absolutely essential;
his, in addition to reducing the risk of food contamination,
lso ensures a balanced and calorically adequate diet in the
bsence of several major food proteins in the diet. Effective
n 2006, the food allergen and consumer protection legisla-
ion requires food manufacturers to clearly identify the pres-
nce of 8 food antigens including cow-milk protein, soy, egg,
heat, peanuts, tree nuts, seafood, and shell fish foods on

abels. Although this will significantly simplify the process of
voiding food contamination, it will not, unfortunately,
liminate the need for the dietitian.

In summary, our results show that a standard SFED
chieves significant histologic improvement in three quarters
f children with EE. It offers several substantial advantages
y allowing ingestion of solid foods rather than liquid for-
ula alone, it circumvents the discomfort and distress of

ube feedings, and it limits the number of potential food
llergens that need to be re-introduced subsequent to suc-
essful improvement. We believe this treatment approach
ffers the prospect of a short-term remission, a shorter time
o identify the offending food allergen(s), and the potential
rospect for long-term cure. Prospective long-term, double-
lind, randomized studies are needed to compare the efficacy
f different dietary treatments and to address the long-term
utcome in patients with EE.
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