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Abstract

BACKGROUND & AIMS: Eosinophilic esophagitis (EoE) is a patchy disease of the esophagus 

with significant variability in intraepithelial eosinophilia. Three biopsies each from distal and 

proximal esophagus are recommended for identification of active EoE. Recent work suggests 

3 biopsy sites are more optimal. We sought to evaluate 2-site vs 3-site esophageal biopsy 

combinations for utility to identify active EoE.

METHODS: We prospectively obtained 3-site esophageal biopsies based on rigorous endoscopic 

measurements of the proximal, mid, and distal esophagus and gastroesophageal junction. Biopsies 

were reviewed by a pathologist, and those with at least 15 eosinophils per high-power field were 

considered active EoE. The sensitivity of one or more sites to identify active EoE was determined, 

and endoscopic measurements were correlated to height and age.
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RESULTS: Five hundred ninety-six endoscopies were performed in 217 patients; of these, 304 

endoscopies in 167 patients had active EoE. Among the initial esophagogastroduodenoscopies 

with active EoE, distal biopsies had greater than 80% sensitivity, whereas mid and proximal 

biopsies had sensitivity of 65% and 62%, respectively, and distal + proximal biopsies had the 

highest diagnostic sensitivity for a 2-site combination. Among the 304 endoscopies with active 

EoE, 9 had focal eosinophilia restricted to the mid esophagus, and 8 were restricted to the 

proximal esophagus. For patients with multiple endoscopies with active EoE, nearly one fourth 

had reduced sites with eosinophilia at the second time point. Endoscopic measurements strongly 

correlated with height and age.

CONCLUSIONS: This study supports endoscopic measurement–guided 3-site biopsies for 

optimal disease assessment of active EoE in children.
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Eosinophilic esophagitis (EoE) is a chronic disease characterized by eosinophil-predominant 

inflammation of the esophagus.1 EoE is a patchy disease, and assessment of biopsies from 

multiple locations within the esophagus is valuable for accurate diagnosis.2–5 Multiple 

endoscopies are often necessary for diagnosis, assessment of the response to treatment, 

and disease surveillance.1 Consensus guidelines recommend obtaining multiple biopsies 

from distal and proximal esophagus and are based on previous studies that have used only 

proximal and distal esophageal biopsy locations. A recent study in adults demonstrated that 

a protocol obtaining and analyzing biopsies from distal, mid, and proximal esophagus may 

enhance the diagnostic sensitivity for EoE compared with 2-site biopsy.3 However, a study 

in children by Chernetsova et al,2 which retrospectively assessed 100 EoE patients, was 

inconclusive regarding the utility of mid-esophageal biopsies. Thus, the question of 3-site 

biopsies in children remains.

In a retrospective study, Shah et al4 identified histopathologic variability among biopsy 

specimens and demonstrated that a total of 6 biopsies from 2 locations achieved 100% 

diagnostic sensitivity. In a prospective adult study Gonsalves et al5 established that multiple 

locations are necessary for identification of active EoE, with 5 biopsies required to achieve 

100% sensitivity. Major limitation of these studies were the study design, small patient 

cohort, and lack of standardized assessment of multiple esophageal segments to maximize 

diagnostic sensitivity. Although most studies examined the proximal and distal esophagus, 

several recent studies have separated the esophagus into proximal, mid, and distal thirds.6–9 

Because the practice of obtaining biopsies from multiple areas of the esophagus varies from 

center to center, we aimed to compare esophageal biopsies from 3 levels with the currently 

recommended 2-level biopsy protocols for diagnosis of EoE in children.

Most studies pertaining to esophageal length have been performed with the objective 

of identifying the location of lower esophageal sphincter for impedance/pH studies.10–12 

Several methods have been described to estimate esophageal length by using manometry or 

radiology.10,12,13 There is only one previous study that used height and endoscopy to assess 

length of the esophagus in a small cohort of adults.14 Moreau et al13 reported a correlation 
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between height and esophageal length; however, the utility of endoscopic measurements to 

guide esophageal biopsy in children has not been previously studied.

Our primary objective was to prospectively assess the diagnostic utility of biopsies from 

proximal, mid, and distal esophageal locations and compare their sensitivity with 2-site 

biopsies. The secondary aim of this study was to correlate endoscopic measurements of 

topographical esophageal sites (proximal, mid, distal, gastroesophageal junction [GEJ]) to 

height and age.

Materials and Methods

Study Design

We performed an analysis of a prospective longitudinal cohort of children, ages 2–17 

years, undergoing endoscopy at Ann & Robert H. Lurie Children’s Hospital of Chicago 

for suspected or previously diagnosed EoE from 2012 to 2016. All endoscopies were 

performed by a single provider (AFK). Indications for endoscopies ranged from symptoms 

of esophageal dysfunction such as dysphagia and heartburn to evaluation of response to 

therapy and annual surveillance in previously diagnosed EoE. Diagnosis of EoE was based 

on 2011 diagnostic criteria, which were defined as the presence of symptoms of esophageal 

dysfunction and esophageal eosinophilia (at least 15 eosinophils/high-power field [eos/hpf]) 

after treatment with high dose proton pump inhibitor.15 A waiver of consent was obtained 

for this study to consecutively register children undergoing endoscopy for suspected EoE 

or assessment of disease activity in patients with established EoE. Demographic and 

medication data were obtained by chart review. This study was approved by the Institutional 

Review Board of Ann & Robert H. Lurie Children’s Hospital of Chicago, IL (IRB #2011–

14486).

Biopsy Acquisition and Analysis

Patients had ≥3 biopsies each from the proximal, mid, and distal esophagus. Landmarks 

including cricopharyngeus and GEJ were recorded in a standardized operative note along 

with the endoscopic reference score for each site of the esophagus. Measurements were 

obtained from the lips to the cricopharyngeus and the GEJ. The proximal esophageal biopsy 

location was located 3 cm below the cricopharyngeus, the mid esophagus was midpoint 

between the cricopharyngeus and the GEJ, and the distal esophagus location was 2 cm above 

the GEJ. Routine pathologist review to determine the peak eosinophil count (eos/hpf) at 

×400 was performed. Samples with active EoE (defined as ≥15 eos/hpf in any biopsy) were 

included in the analysis to determine the utility of biopsies from one or multiple sites in the 

esophagus.

Statistical Analysis

Statistical analysis was performed with SAS v 9.4 (SAS Institute Inc, Cary, NC) and R 

version 3.4.3. Peak eosinophil counts among the proximal, mid, and distal esophagus were 

compared with combinations of 1 or 2 sites. We determined the median and interquartile 

range of peak eos/hpf per site and for the peak values among the 2- and 3-site combinations. 

The optimal site was assessed on the basis of the number of 2-site and individual sites that 
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identified active EoE relative to a 3-site combination. The sensitivity, predictive value, and 

accuracy of 1-, 2-, and 3-site combinations to identify active EoE were determined. Pearson 

correlation coefficient was performed to determine the association between the endoscopic 

measurement relative to height and esophageal length (GEJ minus proximal measurement) 

compared with age.

Results

Patient Characteristics

Of the 596 endoscopies in 217 EoE patients who were enrolled, 167 EoE patients with 

304 total endoscopies had active EoE (Figure 1). The mean [standard deviation] age of 

the cohort was 10 [5] years, and the median [standard deviation] number of endoscopies 

per patient was 2 [1] (Table 1). The cohort was 76% male, 87% white, and 12% Latinx 

(Table 1). An average of 12 biopsies was obtained per endoscopy (Table 1). Two hundred 

seventeen patients underwent 1 or more esophagogastroduodenoscopies and had histology 

consistent with EoE patients. Among the initial endoscopy captured in the study, more than 

50% of patients had edema or furrows, 35% demonstrated exudate, and 28% had rings 

(Supplementary Table 1). At the time of initial study endoscopy, most patients were on 

a proton pump inhibitor (80%), and only one fourth (24.4%) were on swallowed topical 

steroids (Supplementary Table 1). Among the 217 EoE patients, 39% had asthma, 42% had 

eczema and food allergy, and 58% had rhinitis (Supplementary Table 1).

Extent of Eosinophilia in Individual and Combinations of Biopsy Sites

We next examined the extent and distribution of eosinophilia among individual biopsy 

sites in the cohort (n = 167) of patients whose biopsies met criteria for active EoE. We 

found significant heterogeneity in the distribution of eosinophils, with many patients with 

eosinophilia in multiple locations, but many with just distal eosinophilia (Figure 1). Few had 

isolated mid or proximal eosinophilia.

Relationship of Endoscopy Measurement to Height and Age

The relationship of endoscopic measurement for each topographical esophageal site 

(proximal, mid, distal, GEJ) to height for each patient was next assessed. We found a 

very strong relationship with the proximal (r = 0.67, P < .001), mid (r = 0.89, P < .001), 

and distal (r = 0.94, P < .001) esophagus, and GEJ (r = 0.95, P < .001) (Figure 2). In 

addition, we assessed the relationship of esophageal length, calculated by subtracting the 

proximal esophagus and GEJ measurements, with age. We found a strong relationship 

between esophageal length and age (r = 0.83, P < .001). This validated the rigor to our 

topographical approach to map the eosinophil density of each third of the esophagus and 

provides a pediatric guide to esophageal length by age.

Utility of One vs Three Sites for Active EoE

The peak eosinophil count (eos/hpf) for each individual site along with comparison with 3 

sites was next assessed. We assessed the initial endoscopy with active EoE among unique 

patients (n = 167). The distal esophagus had the highest eosinophil count, with a median 

[interquartile range] of 40 [25–72], followed by mid of 30 [9–60] and proximal of 15 
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[1–40] (Table 2). The sensitivity of distal esophagus biopsies alone to identify active EoE 

was greater than 80%, whereas the mid esophagus was 65%, and the proximal esophagus 

was 62% (Table 1). Interestingly, among all 304 endoscopies with active EoE, the distal 

esophagus identified active EoE in more than 90% of endoscopies (Supplementary Figure 

1).

Sensitivity of Two vs Three Sites in Active EoE

We next examined the utility of 2- vs 3-site combinations to identify active EoE. Among 

the initial endoscopy for patients with active EoE (n = 167), the median [interquartile 

range] eos/hpf in the proximal/distal, mid/distal, and proximal/mid esophagus was 40 [25–

75], 50 [30–80], and 35 [11–60], respectively. Notably the median [interquartile] eos/hpf 

for a 3-site combination was 50 [30–82] (Table 2). The diagnostic sensitivity for proximal/

distal (98.8) and mid/distal (97.8) was similar, with lower sensitivity noted in mid/proximal 

(73.1) biopsies. Similar results were noted among the full 304 active EoE endoscopy 

group (Supplementary Figure 1) and among unique patients with active EoE stratified by 

swallowed steroid treatment (Supplementary Table 2 and Supplementary Figure 2). In our 

cohort a diagnosis of EoE could have been missed in up to 17 endoscopies if biopsies from 

all 3 sites had not been analyzed. Among these 17 endoscopies, diagnostic eosinophilia (>15 

eos/hpf) was isolated to only the mid esophagus in 9 cases, and 8 endoscopies contained 

isolated proximal inflammation. We further observed that among patients with at least 2 

active EoE time points (n = 78), less than half of patients had the same sites involved, and 

one fourth had fewer sites involved at the second time point. This supports obtaining and 

analyzing biopsies from 3 sites to achieve optimal diagnosis of EoE.

Sensitivity of Endoscopic Abnormalities for Active EoE

Last, we assessed the utility of obtaining biopsy from visually inflamed areas identified 

during endoscopy in limiting the number of sites needed to biopsy to identify active 

EoE. Biopsies obtained from the single most inflamed visual site (defined as highest sum 

endoscopic reference score between distal, mid, and proximal esophagus) were found to 

have a diagnostic sensitivity of 89.8%, whereas those obtained from the 2 most inflamed 

sites achieved 96.7% sensitivity (Supplementary Figure 2), similar to a 2-site location-based 

approach with distal plus either mid or proximal biopsies. Thus, we have identified a small 

subset of children with EoE in whom the sole site of active EoE had normal endoscopic 

appearance, further supporting a 3-site biopsy protocol and a change in paradigm from prior 

recommendations.

Discussion

EoE is a clinicopathologic condition for which diagnosis relies on the presence of 

symptoms of esophageal dysfunction and the identification of esophageal mucosal histology 

demonstrating eosinophilia.1 Prior studies have demonstrated significant variability in 

eosinophil density between individual biopsies of EoE patients.4,5 Thus, adequate tissue 

sampling is important to diagnose EoE. In the current study we examined a large prospective 

cohort of children with EoE and found esophageal eosinophilia is most dense in the distal 

esophagus, followed by mid and then proximal esophagus. This is consistent with prior 
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adult studies,3,16 thus validating this finding to be consistent in children as well. However, 

although individual esophageal sites had limited sensitivity to identify active EoE compared 

with all 3 sites, the distal esophageal biopsies achieved a threshold of 80%–90%. Among 

2-site biopsy combinations, distal + proximal and distal + mid esophagus had slightly poorer 

sensitivity than the 3-site combination but were superior to mid + proximal. Although our 

study validates the need for biopsies of the distal esophagus, it raises questions regarding 

whether biopsies of the mid or proximal esophagus or both should be obtained.

Consensus guidelines have established that 2–4 biopsies from 2 different sites distal and 

proximal are necessary for accurate sampling of tissue.17 The utility of adding biopsies from 

mid esophagus to distal and proximal has recently been studied.2,3,16 Chernetsova et al2 

retrospectively examined 100 pediatric patients with EoE with regard to the question of the 

utility of mid esophageal biopsies. They found the mid esophagus alone showed histologic 

abnormalities in up to 8% of biopsies. Radicic et al3 identified increased diagnostic 

sensitivity in adults with EoE. Fujiwara et al16 found a combination of distal and mid 

biopsies sufficient to identify active EoE. We found that biopsies from all 3 sites have 

the highest diagnostic sensitivity, followed by equivalent sensitivity among distal with mid 

or distal with proximal combinations. Isolated disease in the mid esophagus is rare and 

occurred in 9 patients, and isolated disease in the proximal esophagus was identified in 8 

patients. Thus, in the context of the existing literature, our findings validate the need for 

biopsies from all 3 sites of the esophagus to optimally assess for active EoE. In addition, we 

found that biopsies from the 2 locations with the most objectively severe inflammation based 

on the eosinophilic esophagitis endoscopic reference score18 had similar accuracy as any 

2-site combination of biopsies. Although a 3-site protocol is superior, our findings suggest 

visual findings could guide 2-site biopsy protocols, which is consistent with previous studies 

that have validated the endoscopic reference score as a marker for active disease.6,9,19

A significant strength of the study was the use of endoscopic measurements to identify 

the proximal, mid, and distal esophagus and GEJ. This ensured rigor and uniformity of 

the biopsy protocol, and we also reported a highly significant correlation between these 

measures, height, and age. Notably, the length of the esophagus has been appreciated 

to depend on factors such as age and height.20,21 Our findings provide a roadmap to 

assist gastroenterologists in rigorously assessing the esophagus for EoE. In addition, 

these measurements may have utility for noninvasive or minimally invasive tests such as 

esophageal string test, sponge test, or esophageal distensibility/motility studies that may 

require evaluation of specific sites of the esophagus in children.

Several limitations exist for this study. The cohort was derived from measurements taken by 

only a single endoscopist, creating a potential observer bias. However, this likely improves 

the accuracy and precision of the measurements and the standardization among patients. 

Another limitation was the failure to incorporate the EoE histologic scoring system22 

in evaluation of the biopsies. Although our work well represents clinical care, broader 

examination of the biopsy using the EoE Histological Scoring System in a future study 

would allow an additional dimension to better delineate the patchy extent of the disease.
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In conclusion, we conducted a large, prospective pediatric study to assess the utility of 

a 3-site biopsy protocol for identification of active EoE using standardized endoscopic 

measurements which strongly correlated with height. Our study findings suggest that 

obtaining 3-site distal, mid, and proximal biopsies rather than the current protocol of 2-site 

distal and proximal location is superior in children. Furthermore, our findings suggest 

biopsies taken from the 2 most visually abnormal appearing tissue have high diagnostic 

yield, but that active EoE can occur solely in one site with normal endoscopic appearance in 

children. This study also demonstrates that visual findings may guide biopsy location.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know

Background

Eosinophilic esophagitis (EoE) is a patchy disease of the esophagus, and 3 biopsies each 

from distal and proximal esophagus are recommended for identification of active EoE 

(at least 15 eosinophils per high-power field). We sought to evaluate 2-site vs 3-site 

esophageal biopsy combinations for utility to identify active EoE.

Findings

Distal + proximal biopsies had the highest diagnostic sensitivity for a 2-site combination. 

A small subset of patients had focal eosinophilia restricted to the mid or proximal 

esophagus only, whereas nearly one fourth had reduced sites with eosinophilia at a 

second time point. Endoscopic measurements strongly correlated with height and age.

Implications for patient care

For optimal identification of active EoE longitudinally in children, a 3-site esophageal 

biopsy is recommended.
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Figure 1. 
Consort diagram of study subjects. Two hundred seventeen EoE patients had 596 

endoscopies between 9/2011 and 1/2017 for which endoscopic measurements of the location 

of the proximal, mid, and distal esophageal biopsies and gastroesophageal junction were 

recorded. One hundred sixty-seven of these patients had active EoE during the study period 

including 304 endoscopies. Among these 167 patients, the number of sites with active EoE 

(at least 15 eosinophils per high-power field) in the initial endoscopy is noted.
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Figure 2. 
Correlation of endoscopic measurements. (A) Correlation of endoscopic length from lip 

(cm) with patient height (cm) in N = 217 patients. (B) Correlation of esophagus length (cm, 

difference between measurement at gastroesophageal junction and proximal esophagus) with 

age (years). Comparison by Pearson correlation with correlation coefficient (r) and P value is 

shown.
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Table 1.

Patient and Endoscopy Characteristics

Characteristic
a

Age (y), median ± SD 10 ± 5

Gender, n (%)

 Female 52 (24)

 Male 165 (76)

Race/ethnicity, n (%)

 White 188 (87)

 Black or African American 12 (6)

 Asian 16 (7)

 Latinx 26 (12)

Endoscopies per patient, median ± SD 2 ± 1

No. of biopsies, median ± SD

 Distal esophagus 4 ± 1

 Mid esophagus 4 ± 1

 Proximal esophagus 4 ± 1

SD, standard deviation.

a
n = 217 EoE patients/596 endoscopies.
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