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OBJECTIVE: Eosinophilic esophagitis (EoE), a disorder char-
acterized by eosinophilic infiltration of the esophageal mu-
cosa, has been defined in large part through published case
reports and series leading to ambiguity in both diagnostic
and treatment options. Corticosteroids, cromolyn, and ele-
mental diet have all been reported as successful treatments
for EoE. In this study, we sought to accurately define a
population of patients with EoE and then assess their re-
sponse to elemental diet.

METHODS: A series of patients with chronic symptoms of
gastroesophageal reflux disease and an isolated esophageal
eosinophilia on esophagogastroduodenoscopy (EGD) were
identified. Therapy with a proton pump inhibitor was insti-
tuted for 3 months, followed by repeat EGD when symp-
toms persisted. A 24-h pH probe study was performed, and
those with significantly abnormal studies were excluded.
The remaining patients were diagnosed with EoE and placed
on an elemental diet for 1 month, followed by a repeat EGD.

RESULTS: Of 346 patients with chronic gastroesophageal
reflux disease symptoms and eosinophils on esophageal
biopsy, 51 (14.7%) were ultimately diagnosed with EoE.
There was significant improvement in vomiting, abdominal
pain, and dysphagia after the elemental diet. The median
number of esophageal eosinophils per high-powered field
(HPF) decreased from 33.7 before the diet to 1.0 after the
diet (p �0.01). The average time to clinical improvement
was 8.5 days.

CONCLUSIONS: Elemental diet resulted in striking improve-
ment in both symptoms and histologic evidence of disease in
children and adolescents with EoE, as identified by strict
diagnostic criteria. (Am J Gastroenterol 2003;98:777–782.
© 2003 by Am. Coll. of Gastroenterology)

INTRODUCTION

Eosinophilic esophagitis (EoE) is a disease characterized by
an isolated, severe esophageal eosinophilia that occurs in
adults and in children. The symptoms of children with EoE
are often difficult to distinguish from those who have gas-

troesophageal reflux disease (GERD) and include vomiting,
regurgitation, nausea, epigastric pain, heartburn, and dys-
phagia. In both groups, the symptoms typically improve
with acid blockade; however, whereas patients with GERD
generally become symptom free and demonstrate a resolu-
tion in their esophagitis, children with EoE almost always
continue to exhibit clinical symptoms and display no histo-
logic improvement despite aggressive acid blockade.

The spectrum of EoE has been described predominantly
by case reports and case series. However, in the majority of
these reports, there has been considerable variability in the
criteria used to define EoE. Although effective treatment
regimens for EoE have also been reported, these series are
also limited by a lack of consistent outcome measures.

The aims of this study were to accurately define a pop-
ulation of patients with EoE, to study the effect of aggres-
sive acid blockade on EoE, and to evaluate the treatment of
EoE patients with dietary restriction using a complete ele-
mental diet.

MATERIALS AND METHODS

This study was conducted from January 1, 1997, to January
1, 2000, in the Division of Gastroenterology and Nutrition at
the Children’s Hospital of Philadelphia. Patients were ini-
tially identified if they had chronic GERD symptoms (3
months or more), normal upper GI anatomy based on bar-
ium upper GI series, and evidence of an isolated esophageal
eosinophilia by esophagogastroduodenoscopy (EGD) with
biopsy. GERD symptoms included vomiting/regurgitation,
epigastric pain, or at least two of the following: heartburn,
water brash, globus, chest pain, dysphagia, nighttime cough,
feeding disorder, or irritability. Symptoms were assessed by
questionnaire and patient interview, completed by the par-
ents and the patients together, and recorded by the physi-
cian. Patients with prior abdominal surgery or disorders of
other organ systems (neurologic, cardiac, renal, or endo-
crine) were excluded.

EGD included visual inspection of the esophagus, stom-
ach, and duodenum, as well as at least three biopsies from
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the distal esophagus (3–5 cm from the lower esophageal
sphincter), the gastric antrum, and the duodenum. All biop-
sies were reviewed by board-certified pathologists who re-
ported the number of eosinophils visible in the most se-
verely affected microscopic high-powered field (HPF)
equivalent to �40 magnification. Up to 10 eosinophils/HPF
in the gastric antrum were considered normal if in the basal
region of the lamina propria, and up to 25 eosinophils/HPF
were considered normal in the duodenum, based on previ-
ously published data (1). Other histologic features noted
included the presence of neutrophils, basal cell hyperplasia,
papillary length, and abscess formation.

Once identified, the patients were placed on a proton
pump inhibitor at a dose of at least 1 mg/kg/day (maximum
20 mg b.i.d.). Those with symptoms that persisted after 3
months of therapy underwent follow-up EGD. Patients with
20 or more esophageal eosinophils per HPF in conjunction
with normal antral and duodenal biopsies underwent a 24-h
pH probe esophagram. Patients with pH studies demonstrat-
ing no more than infrequent, brief episodes of GERD were
diagnosed with EoE and entered into the study. The remain-
ing patients were diagnosed with GERD (Fig. 1).

Once entered, patients were given a diet consisting of an
elemental formula, Neocate 1� (SHS North America,
Gaithersburg, MD), which consisted of free amino acids,
corn syrup solids, and medium-chain triglyceride oil. Pa-
tients were also allowed to take water and one fruit (either
grape or apple) and its corresponding pure juice. A nutri-

tionist determined the formula volume necessary to provide
adequate calories. The formula was delivered orally or via
nasogastric tube based on the patients’ ability and willing-
ness to drink the formula. Patients continued to receive
proton pump inhibitors. The patients were followed for
clinical improvement. While receiving the elemental for-
mula, patients were contacted weekly for review of symp-
toms and assessment of weight. If a patient demonstrated
weight loss, the volume of feedings was increased until
weight was shown to have stabilized. As a result, no patients
lost weight by the completion of the study. A repeat EGD
was performed 1 month after instituting the study diet.

Data were analyzed using the Wilcoxon sign-rank test for
continuous variables and the �2 test for dichotomous vari-
ables. Statistical comparisons were made using the statisti-
cal software package Stata 7.0 (Stata, College Station, TX).

RESULTS

During the study period, 346 patients were identified with
GERD symptoms and at least one esophageal eosinophil on
EGD. Of these, 281 (81.2%) demonstrated clinical improve-
ment on proton pump inhibitor therapy. All of these patients
had less than 20 esophageal eosinophils per HPF by biopsy.
Eleven patients refused participation in the study. The re-
maining 54 patients (15.6%) continued to have significant
symptoms despite proton pump inhibitors. All of these pa-
tients had 20 or more esophageal eosinophils per HPF with

Figure 1. Diagnostic algorithm for EoE.
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normal antral and duodenal biopsies. Three of the 54 pa-
tients had abnormal pH probe esophagrams (more than 6%
of the study time with an esophageal pH � 4) and were
excluded. The remaining 51 patients were diagnosed with
EoE and began therapy with the elemental diet. No patients
who began the elemental diet dropped out of the study. The
demographic characteristics of the 51 patients are summa-
rized in Table 1.

The average time to clinical improvement was 8.5 � 3.8
days. The diet was administered to three patients orally, and
to 48 patients via nasogastric tube. For each patient diag-
nosed with EoE, the number of esophageal eosinophils/HPF
in the distal esophagus was compared before and after
treatment with the elemental diet. In addition, the number of
patients experiencing symptoms was compared before and
after treatment. All but two patients experienced improve-
ment on the elemental diet. Responders did not differ from
nonresponders by type of symptoms or degree of eosino-
philia.

The number of eosinophils/HPF in the distal esophagus
was significantly decreased after therapy with the elemental
diet (Fig. 2). There were significant reductions in the num-
ber of patients experiencing the following symptoms: vom-
iting, abdominal pain, dysphagia, globus, heartburn, water
brash, and chest pain. The number of patients experiencing
night cough and irritability also decreased after the diet, but
did not meet statistical significance. These results are sum-
marized in Table 2.

Of the 51 patients diagnosed with EoE, visual inspection
of the esophagus revealed 21 patients (41%) with evidence
of esophageal furrowing (irregular, linear grooves in the
esophageal mucosa). Thirteen patients (25%) had histologic
evidence of eosinophilic abscess formation (defined as a
collection of eosinophils on the surface of the esophageal
mucosa). Patients with EoE were compared with the remain-
ing 281 patients with regard to esophageal eosinophils,
esophageal furrowing, and eosinophilic abscess formation
(Table 3). Clinical symptoms, esophageal eosinophils/HPF,
and response to diet did not vary when stratified by age and
by sex.

Table 1. Characteristics of Patients With Eosinophilic Esophagitis

Male/female 33/18
Age (yr) (range) 8.3 � 3.1 (3–16)
Race (white/black/Hispanic/Asian/other) 36/8/4/2/1
First-degree relative with atopic disease (%) 20 (39)
Symptoms (%)

Epigastric pain 40 (78)
Vomiting/regurgitation 36 (71)
Heartburn 27 (53)
Atopic disease (asthma/eczema/allergic

rhinitis)
26 (51)

Water brash 11 (22)
Globus 9 (18)
Dysphagia 7 (14)
Night cough 5 (10)
Chest pain 4 (8)
Irritability 3 (6)

Table 2. Number of Patients With Symptoms Before (Prediet) and
After 1 Month of Treatment With Elemental Diet (Postdiet)

Prediet Postdiet p

Eosinophils/HPF 33.7 � 10.3 1.0 � 0.6 �0.01
Abdominal pain 40 2 �0.01
Vomiting 36 1 �0.01
Heartburn 27 2 �0.01
Water brash 11 1 �0.01
Globus 9 1 �0.01
Dysphagia 7 0 �0.01
Chest pain 4 0 0.04
Night cough 5 1 0.1
Irritability 3 0 0.08

HPF � microscopic high-powered field, equivalent to 40�.

Figure 2. Esophageal biopsies of a patient with EoE before and
after treatment with elemental diet (hematoxylin and eosin, origi-
nal magnification, �40).

Table 3. Comparison of Patients With EoE and Patients With
GERD

EoE Patients
(51)

GERD Patients
(292) p

Eosinophils/HPF 33.7 � 10.3 2.1 � 0.8 �0.01
Furrows 21 101 ns
Eosinophilic abscess 13 0 �0.01

HPF � microscopic high-powered field, equivalent to 40�.
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DISCUSSION

Before 1980, the histologic hallmarks for reflux esophagitis
included basal zone hyperplasia, elongated papillae, and the
presence of intraepithelial neutrophils (2–5). In 1982, the
presence of intraepithelial eosinophils was suggested as an
added criterion for the diagnosis of reflux esophagitis in
children (6). This was later confirmed in adults (7). How-
ever, over the last 25 yr, several reports identified patients
with a severe EoE not responding to standard antireflux
therapy (8–11). The diagnosis of EoE has become ex-
tremely important as these patients are often misdiagnosed
as having severe GERD and may undergo unnecessary
antireflux surgery or may be committed to chronic use of
antireflux medications without improvement of their esoph-
agitis.

Idiopathic EoE, primary EoE, allergic esophagitis, and
esophageal eosinophilia are several terms that have been
used in the past to describe an isolated eosinophilia in the
esophagus that cannot be attributed to GERD, parasitic
infection, or other causes. The clinical features of EoE in
children are often difficult to distinguish from children with
GERD. The majority of patients with EoE present with a
combination of chronic epigastric or substernal pain, vom-
iting, regurgitation, and nausea (9). Other associations in-
clude dysphagia, growth failure, hematemesis, globus, and
water brash (11, 12). Stricture formation is a well-described
entity in EoE (13–15), whereas extraintestinal manifesta-
tions, especially asthma, eczema, and chronic rhinitis, occur
frequently in children (16).

There have been several reported treatments for EoE. In
1995, Kelly et al. (17) first described the effective use of an
elemental diet in a small group of patients diagnosed with
EoE. The authors studied a cohort of children with persistent
symptoms of GERD not responding to various antireflux
therapies, including histamine-2 receptor antagonists, pro-
kinetic agents, and a Nissen fundoplication (17). Each was
also noted to have increased numbers of eosinophils on
endoscopic esophageal biopsy (median 41 eosinophils/
HPF). Ten of these children underwent treatment with an
amino acid-based elemental formula for a minimum period
of 6 wk. Eight of 10 subjects had complete resolution of
symptoms, whereas the remaining two had improvement.
Follow-up endoscopy revealed significant improvement in
the number of esophageal eosinophils (median 0.5 eosino-
phils/HPF). Symptoms recurred in nine of 10 patients after
systematic food challenge. Avoidance of the offending
foods allowed eight of 10 subjects to remain asymptomatic
without antireflux medications.

Subsequently, alternative therapies including systemic
and inhaled corticosteroids and enteral cromolyn sodium
have been administered to patients with EoE. Liacouras et
al. studied 20 patients with EoE, with persistent symptoms
despite therapy with proton pump inhibitors, and showed
that therapy with oral corticosteroids improved both the
symptoms of EoE as well as the number of esophageal

intraepithelial eosinophils (9). The majority of patients de-
veloped a recurrence of symptoms upon discontinuation of
the therapy.

In 1998, Faubion et al. reported that topical corticoste-
roids, administered from a metered-dose inhaler and then
swallowed, also led to rapid, symptomatic improvement in
four children with EoE (18); however, long-term follow-up
was not established. More recently, Teitelbaum et al. dem-
onstrated histologic and immunopathological results in pa-
tients with EoE treated with swallowed fluticasone propi-
onate (19). These patients had a better response than patients
placed on selective dietary restriction did, with restriction
based on the results of allergy testing. This study is of
special importance because it demonstrates that simply re-
stricting foods, without the use of elemental diet, may be
ineffective for treating EoE. Finally, there is anecdotal ex-
perience that oral cromolyn sodium may be useful in treat-
ing EoE. Although enteric cromolyn sodium has been used
in children with eosinophilic gastroenteritis (20, 21), there
have been no discreet studies with regard to EoE.

Despite the acceptance of EoE as an entity distinct from
reflux esophagitis, there remains considerable ambiguity in
both the criteria used to establish the diagnosis and in its
treatment. Over the past 5 yr, many studies have attempted
to characterize patients or demonstrate treatment of patients
with EoE without adhering to a strict definition of EoE or
without ascertaining information regarding histology or gas-
tric acid. In addition, reports of EoE often included patients
with eosinophilia of the stomach and intestine as well (15,
22–24). A recent series detailing EoE in children demon-
strated many of the difficulties in establishing a definitive
diagnosis (11). In this series, subjects were considered to
have EoE if they had greater than five eosinophils/HPF
(although the series was then stratified into those with five
to 20 eosinophils/HPF and those with greater than 20 eo-
sinophils/HPF). There was also considerable variability in
the sites biopsied for diagnosis, the sites of the GI tract
affected by eosinophilia, the presence or absence of food
allergy, and the response to therapy.

Our study represents the largest trial of elemental diet in
patients diagnosed with EoE to date. Although the main goal
of this study was to demonstrate the therapeutic response of
patients with EoE to an elemental diet, another goal was to
better define EoE. Specifically, we hoped to classify the
population as one distinct from those who suffer from eo-
sinophilic gastroenteritis by limiting our population to those
with only esophageal infiltration. We found that approxi-
mately one in seven patients identified with refractory reflux
symptoms on histamine-2 receptor antagonists had an iso-
lated esophageal eosinophilia with greater than 20 eosino-
phils/HPF. When GERD was excluded as a plausible ex-
planation by pH probe monitoring, a subset of patients
remained whom we believe exemplify the true entity of
EoE. We also used the lack of response to proton pump
inhibitors and a normal upper GI series as necessary criteria
for inclusion. We believe that these criteria have allowed us
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to differentiate EoE from other disorders. This method may
also serve as an algorithm for diagnosing future patients
with EoE.

Identification of patients with EoE was followed by a
strict elimination diet. The response to the diet was over-
whelmingly positive, with significant reductions in symp-
toms within 10 days, as well as a dramatic reduction of the
number of eosinophils infiltrating the esophagus. The di-
etary trial period was 4 wk demonstrating that a long treat-
ment course is not necessary to induce remission.

A limitation to this study was the interview process used.
Although a standardized set of questions was used to assess
symptoms, there was not a single person responsible for
administering the questions or recording the responses. Ad-
ditionally, some ambiguity may arise when differing re-
sponses are given from parents and children, with the po-
tential for the most favorable response to be recorded.
Because physicians were not blinded to therapy, there may
have been a degree of bias in the recording of symptoms at
the follow-up visit. Nevertheless, there was dramatic im-
provement in objective findings that could be considered
less prone to bias, such as vomiting and the histologic
findings. The biggest obstacle in this study was the method
used to deliver the diet. Because the formula was unpalat-
able, most of the patients did not ingest it orally, opting
instead for nasogastric administration. Initially, the prospect
of nasogastric feedings was distressing to the families. How-
ever, the chronicity and severity of symptoms in the pa-
tients, combined with in-depth discussion regarding the
potential side effects of long-term corticosteroid use was
convincing to the families that a trial of elemental feeds was
warranted. The rapid response to therapy further reinforced
the acceptance of the diet, resulting in no patients discon-
tinuing the feeding regimen.

Once EoE is diagnosed and treated with dietary elimina-
tion, the major difficulty lies in determining the patient’s
specific food allergens. EoE does not seem to be a strict
IgE-mediated allergy (25). Instead, the cause of EoE may be
a combination of IgE-mediated antibodies and TH1-medi-
ated reactions. Prior reports of EoE and eosinophilic gas-
troenteritis have used food allergy testing of all types to
varying degrees, making interpretation of their role in diag-
nosis and treatment difficult. Similarly, elevated peripheral
blood eosinophil count has had poor sensitivity and speci-
ficity for diagnosing EoE. Thus, although there are multiple
methods available to test for food allergy, including radio-
allergosorbant testing, skin prick testing, and skin patch
testing, no single test has yet to be distinguished as the best
test to identify food allergens in patients with EoE. Cur-
rently, our method of choice is the slow reintroduction of
single foods every 5 to 7 days while simultaneously observ-
ing clinical symptoms. Whenever ambiguity arises, repeat
endoscopy with biopsy is performed.

The use of an elemental diet for EoE offers advantages
over other reported therapies. Systemic corticosteroids, al-
though proven effective, have well-known side effects,

which make their long-term use undesirable (26). Although
topical (inhaled) corticosteroids may have a more accept-
able perceived side-effect profile, they still carry potential
side effects. Even when used in a small series of patients,
esophageal candidiasis has been demonstrated with these
medications (19). Additionally, there are some who question
their effects on growth in pediatric patients (27–29). A third
issue regards the long-term safety and efficacy of these
agents when intentionally ingested–a manner of administra-
tion other than what was originally intended.

More importantly, corticosteroids or other anti-inflamma-
tory agents, such as the mast cell stabilizer cromolyn, treat
the final manifestation of the eosinophilic infiltration with-
out addressing the primary cause. We believe that therapies
that address and treat the underlying cause of EoE are
superior to those that treat symptoms alone. When used in
combination with well-delineated diagnostic criteria, we
conclude that elemental diet is not only effective but also the
best treatment option.

Reprint requests and correspondence: Jonathan E. Markowitz,
M.D., Division of Gastroenterology and Nutrition, The Children’s
Hospital of Philadelphia, 34th Street and Civic Center Boulevard,
Philadelphia, PA 19104.

Received May 3, 2002; accepted Dec. 9, 2002.

REFERENCES

1. Lowichik A, Weinberg AG. A quantitative evaluation of mu-
cosal eosinophils in the pediatric gastrointestinal tract. Mod
Pathol 1996;9:110–4.

2. Ismail-Beigi F, Horton PF, Pope CE 2nd. Histological conse-
quences of gastroesophageal reflux in man. Gastroenterology
1970;58:163–74.

3. Behar J, Sheahan D. Histologic abnormalities in reflux esoph-
agitis. Arch Pathol 1975;99:387–91.

4. Seefeld U, Krejs GJ, Siebenmann RE, et al. Esophageal his-
tology in gastroesophageal reflux. Morphometric findings in
suction biopsies. Am J Dig Dis 1977;22:956–64.

5. Johnson LF, Demeester TR, Haggitt RC. Esophageal epithelial
response to gastroesophageal reflux. A quantitative study.
Am J Dig Dis 1978;23:498–509.

6. Winter HS, Madara JL, Stafford RJ, et al. Intraepithelial eo-
sinophils: A new diagnostic criterion for reflux esophagitis.
Gastroenterology 1982;83:818–23.

7. Brown LF, Goldman H, Antonioli DA. Intraepithelial eosin-
ophils in endoscopic biopsies of adults with reflux esophagitis.
Am J Surg Pathol 1984;8:899–905.

8. Liacouras CA. Failed Nissen fundoplication in two patients
who had persistent vomiting and eosinophilic esophagitis.
J Pediatr Surg 1997;32:1504–6.

9. Liacouras CA, Wenner WJ, Brown K, et al. Primary eosino-
philic esophagitis in children: Successful treatment with oral
corticosteroids. J Pediatr Gastroenterol Nutr 1998;26:380–5.

10. Ruchelli E, Wenner W, Voytek T, et al. Severity of esophageal
eosinophilia predicts response to conventional gastroesopha-
geal reflux therapy. Pediatr Dev Pathol 1999;2:15–8.

11. Orenstein SR, Shalaby TM, Di Lorenzo C, et al. The spectrum
of pediatric eosinophilic esophagitis beyond infancy: A clin-
ical series of 30 children. Am J Gastroenterol 2000;95:1422–
30.

781AJG – April, 2003 Elemental Diet Treatment for EoE



12. Attwood SE, Smyrk TC, Demeester TR, et al. Esophageal
eosinophilia with dysphagia. A distinct clinicopathologic syn-
drome. Dig Dis Sci 1993;38:109–16.

13. Mahajan L, Wyllie R, Petras R, et al. Idiopathic eosinophilic
esophagitis with stricture formation in a patient with long-
standing eosinophilic gastroenteritis. Gastrointest Endosc
1997;46:557–60.

14. Vitellas KM, Bennett WF, Bova JG, et al. Idiopathic eosino-
philic esophagitis. Radiology 1993;186:789–93.

15. Lee RG. Marked eosinophilia in esophageal mucosal biopsies.
Am J Surg Pathol 1985;9:475–9.

16. Rothenberg ME, Mishra A, Collins MH, et al. Pathogenesis
and clinical features of eosinophilic esophagitis. J Allergy Clin
Immunol 2001;108:891–4.

17. Kelly KJ, Lazenby AJ, Rowe PC, et al. Eosinophilic esoph-
agitis attributed to gastroesophageal reflux: Improvement with
an amino acid-based formula. Gastroenterology
1995;109:1503–12.

18. Faubion WA Jr, Perrault J, Burgart LJ, et al. Treatment of
eosinophilic esophagitis with inhaled corticosteroids. J Pediatr
Gastroenterol Nutr 1998;27:90–3.

19. Teitelbaum JE, Fox VL, Twarog FJ, et al. Eosinophilic esoph-
agitis in children: Immunopathological analysis and response
to fluticasone propionate. Gastroenterology 2002;122:1216–
25.

20. Whitington PF, Whitington GL. Eosinophilic gastroenteropa-
thy in childhood. J Pediatr Gastroenterol Nutr 1988;7:379–85.

21. Vitellas KM, Bennett WF, Bova JG, et al. Radiographic man-
ifestations of eosinophilic gastroenteritis. Abdom Imaging
1995;20:406–13.

22. Dobbins JW, Sheahan DG, Behar J. Eosinophilic gastroenter-
itis with esophageal involvement. Gastroenterology 1977;72:
1312–6.

23. Matzinger MA, Daneman A. Esophageal involvement in eo-
sinophilic gastroenteritis. Pediatr Radiol 1983;13:35–8.

24. Feczko PJ, Halpert RD, Zonca M. Radiographic abnormalities
in eosinophilic esophagitis. Gastrointest Radiol
1985;10:321–4.

25. Spergel JM, Beausoleil JL, Mascarenhas M, et al. The use of
skin prick tests and patch tests to identify causative foods in
eosinophilic esophagitis. J Allergy Clin Immunol 2002;109:
363–8.

26. Furuta GT. Eosinophils in the esophagus: Acid is not the only
cause. J Pediatr Gastroenterol Nutr 1998;26:468–71.

27. Allen DB. Influence of inhaled corticosteroids on growth: A
pediatric endocrinologist’s perspective. Acta Paediatr 1998;
87:123–9.

28. Sharek PJ, Bergman DA. Beclomethasone for asthma in chil-
dren: Effects on linear growth. Cochrane Database Syst Rev
2000:CD001282.

29. Sharek PJ, Bergman DA. The effect of inhaled steroids on the
linear growth of children with asthma: A meta-analysis. Pe-
diatrics 2000;106:E8.

782 Markowitz et al. AJG – Vol. 98, No. 4, 2003


	Elemental Diet Is an Effective Treatment for Eosinophilic Esophagitis in Children and Adolescents
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


