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Abstract

Background—Diagnosis of eosinophilic esophagitis (EOE) requires quantification of esophageal
eosinophilia.

Aims—The aims of this study were to assess inter- and intraobserver reliability for measuring
esophageal eosinophil counts and to validate a novel method of determining tissue eosinophil density
using digitized histopathology slides.

Methods—~Patients were selected from the University of North Carolina EoE clinicopathologic
database. Glass slides were de-identified and scanned to create digitized slides. Using a set protocol,
40 slides were read by each of three pathologists for interobserver measures, and were also reread
by one pathologist as traditional glass slides. Different sets of 20 unique slides were read twice by
each pathologist for intraobserver measures. Correlation and agreement were calculated with
Pearson’s rho and the « statistic.
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Results—There was excellent correction between digitized images and glass slides (r = 0.91-0.95,
P < 0.001). For maximum eosinophil densities, interobserver correlations were 0.91, 0.76, and 0.79.
For mean densities, interobserver correlations were 0.90, 0.89, and 0.85. Intraobserver correlations
for maximum densities were 0.99, 0.94, and 0.96, and for mean densities were 0.97, 0.87, and 0.89
(P < 0.001 for all correlations). Agreement was in the “substantial” to “near-perfect” range for
pathologists using several diagnostic cut-points for EoE.

Conclusions—Both inter- and intraobserver correlations were excellent for determining
eosinophil densities and counts. A method of using digitized slides was valid when compared with
traditional glass slides. This protocol could be adopted for research and clinical purposes to further
standardize the diagnostic process for EoE.

Keywords

Eosinophilic esophagitis; Interobserver reliability; Intraobserver reliability; Histopathology

Introduction

Methods

Eosinophilic esophagitis (EOE) is a clinicopathologic condition ultimately diagnosed by
demonstrating abnormal eosinophilia within esophageal mucosal biopsies in a suggestive
clinical setting [1]. Typical symptoms include dysphagia, food impaction, refractory heartburn,
chest pain, and in children, feeding intolerance [2-5]. Endoscopic hallmarks include
esophageal rings, linear furrows, white plaques or exudates, and “crépe-paper” mucosa which
tears easily, but a proportion of cases may have an endoscopically normal esophagus [5-8].

While the incidence and prevalence of EoE have increased over the past decade [9-13], formal
diagnostic criteria have only recently been proposed [1]. The histopathologic portion of these
criteria requires the presence of >15 eosinophils in at least one high-power field (eos/hpf). To
date, however, there has been significant variability in diagnostic criteria used throughout the
EOE literature [14]. Moreover, the size of a high-power field (hpf) used to determine eosinophil
counts is not standardized between microscopes [14], implying that the threshold level of 15
eos/hpf on one microscope may not be replicated on another. Finally, the reliability of count
determination has not been well described [14,15], and it is unknown whether obtaining counts
(in eos/hpf) or densities (in eos/mm?2) would be preferable.

This study had two objectives: (1) to assess inter- and intraobserver reliability for measuring
maximum and mean esophageal eosinophil counts, and (2) to describe and validate a novel
method of determining tissue eosinophil density by digitizing histopathologic slides and
counting eosinophils on a computer monitor. We hypothesized that digitized counts would
have a high correlation with traditional glass slide counts, that reliability would be good to
excellent, and that calculating eosinophil densities would permit back-calculation to eos/hpf
and allow comparison with previously published studies that specified a particular hpf size.

Patients and Pathology Samples

The University of North Carolina (UNC) EoE clinico-pathologic database was used for this
study. This database contains clinical, endoscopic, and pathologic characteristics on over 1,200
patients with esophageal eosinophilia from any cause from 2000 to 2007. It also contains
information on patients in whom esophageal eosinophilia was excluded with a normal
esophageal biopsy. Because this study was designed primarily to test reliability of determining
eosinophil counts, subjects were selected based on their initial eosinophil counts (eos/hpf)
performed for clinical care, and specifically chosen to represent a wide range of esophageal
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eosinophil counts, from 0 to >300 eos/hpf. The esophageal eosinophilia could have been from
any cause, including EoE or gastroesophageal reflux disease, and clinical characteristics were
not relevant for the purposes of this study. After identification of appropriate patients, archived
pathology slides were pulled for review. This study was approved by the University of North
Carolina Institutional Review Board.

Slide Scanning and Reading Protocol

All glass slides were scanned using the Aperio ScanScope® CS slide scanner (Aperio
Technologies, Vista, CA) to create digitized slides for use with Aperio ImageScope viewing
software (version 9.1.19.1569; Aperio Technologies, Vista, CA;
http://www.aperio.com/download.asp). This software allows high-resolution digitized
pathology slides to be examined on a computer monitor, with the ability to rapidly scan and
zoom to any area of interest (Fig. 1).

Each scanned slide was blinded and read by three pathologists (T.C.R., K.J.F., and J.T.W.)
with a special interest in gastrointestinal pathology. The counting protocol is outlined in Table
1, illustrated in Fig. 1 and Fig. 2, and yielded the outcomes of maximum and mean eosinophil
density.

Validation of Digitized Reading Protocol

In order to validate the eosinophil counts obtained from the digitized slides, the original 40
glass slides that all three pathologists read were reread by one pathologist on a microscope
(Olympus BX-41; hpf diameter = 0.55 mm; hpf area = 0.24 mm?) using the same protocol.
The number of eos/hpf was converted to density (eos/mm2) by dividing the count by the hpf
area size. This read was correlated with the same pathologist’s read from the digitized slides,
as well as with a “consensus” read, calculated by averaging all three pathologists” maximum
count for each digitized slide.

Statistical Analysis and Power Calculation

Summary statistics were used to characterize the counts. For counts obtained using digitized
images, eosinophil density was converted from eos/pum? to eos/mm?2 by multiplying the
eosinophil count by 1,000,000 um2/mm? and dividing by the measured area in pm?2. Density
(eos/mm?) was converted to eos/hpf by multiplying by the hpf size of interest (in mm?2).
Pearson’s correlation (r) was performed for continuous measures and the Kappa statistic (k)
was used to assess agreement for dichotomous measures. A k of 0.0 or less is considered to
represent poor agreement, 0.01- 0.20 slight agreement, 0.21-0.40 fair, 0.41-0.60 moderate,
0.61-0.80 substantial, and 0.81-1.00 near-perfect agreement [16]. This measure was also used
to assess agreement on typical eosinophil cut-points used for EoE diagnosis in the literature
(i.e., 15, 20, 24, and 30 eos/hpf).

The study was powered for the primary outcome of maximum eosinophil density. For
interobserver correlation, assuming an o of 0.05 and a power of 0.80, correlations as low as r
=0.43 could be detected with 40 samples. Therefore, a set of 40 slides was generated to assess
interobserver agreement. For intraobserver correlation, assuming an o, of 0.05 and a power of
0.80, correlations as low as r = 0.59 could be detected with 20 samples. Therefore, three sets
of 20 additional slides were generated (60 unique patients in total), and one set was provided
to each of the three pathologists to independently read twice to assess intraobserver agreement.
These slides were randomly mixed with other esophageal slides that were being read as part
of another study, so that slides were reread by the same pathologist at least 2 weeks after the
original reads.
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Results

Correlation Between Digitized and Glass Slides

The correlation between maximum eosinophil densities as read on the digitized slides as
compared with the glass slides was excellent, with r =0.91 (P < 0.001) for the single pathologist
who reread the glass slides (Fig. 3a). The correlation for the mean count was r = 0.92 (P <
0.0011). It took a mean of 3.4 + 1.1 min per glass slide to perform the counts. A similar result
(r =0.95; P < 0.001) was seen when the glass slide read was correlated with the average
maximum count from all of the pathologists (Fig. 3b), and when mean counts were examined
(r=0.92; P <0.001).

Agreement between the glass and digitized slides was k = 0.73 (P < 0.001) for assessing
degranulation, k =0.54 (P < 0.001) for microabscesses, and « = 0.89 (P < 0.001) for determining
whether the biopsy was consistent with EoE.

Interobserver Correlation

The maximum and mean eosinophil densities (eos/mm?2) as determined by each of the three
pathologists are presented in Table 2. For maximum densities, interobserver correlation was
r=0.91 (P < 0.001) for pathologists 1 and 2, r = 0.79 (P < 0.001) for pathologists 1 and 3, and
r=0.76 (P < 0.001) for pathologists 2 and 3 (Fig. 4a—c). For mean densities, interobserver
correlation was r=0.90 (P <0.001) for pathologists 1 and 2, r =0.89 (P < 0.001) for pathologists
land 3, and r =0.85 (P < 0.001) for pathologists 2 and 3. To complete the reading protocol
the mean time spent was 6.4 + 4.4 min for pathologist 1, 8.2 £ 3.4 min for pathologist 2, and
10.0 £ 5.7 min for pathologist 3.

Agreement between pathologists 1 and 2, 1 and 3, and 2 and 3 for assessing degranulation was
k=0.73,0.78, and 0.94, respectively (P < 0.001 for each). Agreement between the same pairs
of pathologists for eosinophil microabscesses was k = 0.47, 0.63, and 0.61, respectively (P <
0.001 for each).

For determining whether the biopsy was consistent with EOE “in the correct clinical context,”
agreement between pathologists 1 and 2, 1 and 3, and 2 and 3 was k = 0.76, 0.78, and 0.71,
respectively (P < 0.001 for each). These values further improved when the densities were
converted to tissue counts (eos/hpf; Fig. 5).

Intraobserver Correlation

The maximum eosinophil densities for the first and second read of 20 individual slides for each
pathologist are presented in Table 3. Intraobserver correlation was r = 0.99 (P < 0.001) for
pathologist 1, r = 0.94 (P < 0.001) for pathologist 2, and r = 0.96 (P < 0.001) for pathologist
3 (Fig. 6a—c). For mean densities, intraobserver correlation was r = 0.97 (P < 0.001) for
pathologist 1, r = 0.87 (P < 0.001) for pathologist 2, and r = 0.89 (P < 0.001) for pathologist
3. Slide reading times were 5.4 + 3.6 and 5.0 + 1.7 min for each of the reads for pathologist 1,
and 6.5 = 3.1 and 6.0 + 2.0 min for pathologist 2. Reading times were not reported for
pathologist 3.

Agreement between reads for pathologists 1, 2, and 3 for degranulation was « = 0.04, 0.89,
and 0.60, respectively (P = 0.42,<0.001, and 0.63, respectively). Agreement for eosinophil
microabscesses was k = 0.46, 0.60, and 0.76, respectively (P = 0.007,<0.001, and <0.001,
respectively).

For determining whether the biopsy was consistent with EoE, agreement between reads for
pathologists 1, 2, and 3 was k = 0.80, 0.86, and 0.63, respectively (P < 0.001 for each).
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Discussion

Because the clinical symptoms and endoscopic findings in EoE are nonspecific, diagnosis
requires demonstration of brisk esophageal eosinophilia on histopathologic examination.
While the recent consensus guidelines have suggested that a maximum count >15 eos/hpf in
one hpf is sufficient to make the diagnosis in the correct clinical context [1], these
recommendations are largely based on expert opinion because so much diagnostic variability
exists in the literature [14]. Moreover, these recommendations include the assumption that
counting eosinophils in a tissue specimen is reliable. While it seems that it would be a
straightforward task to count eosinophils, in practice and for rigorous research methodology,
the issue is actually quite complex.

First, where on the biopsy specimen should a pathologist look? Should only the field with the
most eosinophils be reported, or should every field be counted and a mean generated? Should
a set number of fields be counted, and the maximum and mean determined? In the literature,

many such permutations has been reported [14], and the counting process likely changes the

reported result. Second, the size of a hpf on one microscope model differs from that on another.
For any given tissue eosinophil density, an eosinophil count on one microscope might be above
the diagnostic threshold but below the threshold on a different microscope [14]. Third, no study
has previously examined as a primary outcome whether eosinophil counts can be made reliably.
If this were not to be the case, much of the existing literature would be uninterpretable.

The present study set out to determine inter- and intraobserver reliability for quantifying tissue
esophageal eosinophilia using a clearly defined protocol. It also aimed to validate a new
methodology of using digitized slides for determining eosinophil density. Overall, we found
excellent inter- and intraobserver correlation for determining both maximum and mean
densities. To put the correlation coefficients we observed (in the 0.8 to >0.9 range) into context,
it is helpful to examine values observed for other clinical tests. The correlation for determining
blood pressure manually compared with automatic cuffs ranges from 0.28 to 0.39 [17].
Correlation between senior cardiologists and critical-care nurses for measuring pulmonary
artery wedge pressure is 0.67 [18]. Interobserver correlation for measuring the ankle-arm blood
pressure index using an ultrasound probe ranges from 0.88 to 0.92 [19].

In addition, we found that the counts and densities determined on the digitized slides correlated
extremely well with the counts made using traditional glass slides and a microscope. This result
validates the use of the digitized slides for counting eosinophils in a research setting using this
particular counting protocol.

Our analysis for dichotomous variables showed “substantial” to “near-perfect” agreement
between the pathologists for eosinophil degranulation, “moderate” to “substantial” agreement
for microabscesses, and “substantial” agreement for classifying the slide as a case of EoE “in
the correct clinical context.” When we back-calculated eosinophil counts from densities and
assessed several potential EOE diagnostic cut-points, we found agreement almost exclusively
in the “near-perfect” range. To place these k values into context, it is again helpful to compare
with other tests. Typical k values for mammographic findings such as mass shape, margin, and
calcification are 0.48, 0.48, and 0.32, respectively [20]. Values for determining Gleason scores
for prostate cancer range from 0.47 to 0.64 [21]. For Barrett’s esophagus, the « for
distinguishing high-grade dysplasia from intramucosal adenocarcinoma ranges from 0.30 to
0.42 [22,23], and the k values for low-grade dysplasia and indeterminate changes are 0.32 and
0.15 [24].

Our results are comparable to the limited published data available on this topic. In 1995, Kelly
and colleagues reported the results of ten pediatric patients receiving elemental nutrition for
presumed EoE [25]. As a subanalysis, two pathologists performed a joint assessment of
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eosinophil counts (in eos/hpf) on ten blinded specimens, showing a correlation of 0.96. In 1996,
as part of an autopsy study, Lowichik and Weinberg determined eosinophil counts throughout
the gastrointestinal tract with the exception of the esophagus [26]. The interobserver correlation
was 0.96; intraobserver correlation was not reported. Despite the recently increasing interest
in EoE, we were unable to identify other studies examining measurement reliability in this
population.

There are several limitations to our methodology. First, there is an extra step required to scan
each glass slide, though this only took approximately 2 min per slide. While this may be
cumbersome for routine clinical use, it provides no difficulty in the research setting. Second,
while the digitized slides have outstanding image and color fidelity as compared with the glass
slides, the focal plane of the digitized slide cannot be altered. Therefore, subtle focal
adjustments through the plane of the tissue cannot be made, making it difficult to distinguish
an eosinophil from a neutrophil in areas of dense inflammation. Additionally, we observed one
outlying « value for intraobserver agreement for eosinophil degranulation, so degranulation
may not be a consistently reproducible finding. Other potential limitations of this study include
the tertiary care center setting, utilizing pathologists with an interest in gastrointestinal (GI)
diseases, and the fact that knowledge of their participation in a research study may have
influenced behavior. Whether our results can be replicated in a community setting is unclear.

Despite these limitations, there are several strengths to this study which support using the
protocol presented here for future studies. First, our methodology demonstrates excellent inter-
and intraobserver reliability for determining eosinophil densities in a large number of clinical
specimens spanning a wide range of esophageal eosinophilia. It is also valid when compared
with counts obtained from traditional glass slides. Second, once the biopsy slides are scanned,
they are a permanent and easily accessible archived resource. Not only can they be de-identified
and shared between centers, but if methodological questions arise, repeat analysis is trivial.
These images could even be posted on journal websites as supplemental material. There is also
the possibility of developing algorithms for computer- assisted eosinophil recognition which,
if successful, would remove much of the tedium of determining exact counts manually.

Finally, this study shows that it is both feasible and practical to characterize esophageal
eosinophils in density rather than as discrete counts. Because of the issue of variability of hpf
between microscopes, counts may not be comparable from center to center [14], or even within
centers. Reporting eosinophil density readily allows comparison between all investigators. It
will, however, require an extra step to convert the count to density, as well as an awareness of
how eosinophil densities relate to previously obtained counts (Table 4). It will take ongoing
research to determine a standard eosinophil density that might be used for future diagnostic
guidelines. In addition, because eosinophil count alone is only one of several findings of EoE
on histopathologic examination, we note that the count must be taken in the context of other
findings such as eosinophil degranulation, microabscesses, basal zone hyperplasia, and
eosinophil distribution through both the mucosa and the entire biopsy specimen [15].

In conclusion, this study found excellent inter- and intracbserver correlation for determining
eosinophil densities and counts using digitized slides. Additionally, this method is valid when
compared with traditional glass slides. We recommend that this protocol be adopted for
research purposes, and be considered for clinical purposes, to help to further standardize the
diagnostic process for EOE.

Abbreviations

eos/hpf Eosinophils per high-power field
hpf High-power field
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Fig. 1.
View of a virtual esophageal biopsy slide using the Aperio ImageScope software. Note that

the “Zoom” dialogue box (upper left portion of the screen) indicates a 5 x zoom, while the
“Thumbnail” box (upper right portion of the screen) shows the location of the zoomed-in area
in relation to the remainder of the biopsy specimen. (Permission for screenshot granted by
Aperio Technologies.)
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Fig. 2.

View of Aperio software with an area of high eosinophil density selected with the “rectangle”
tool. In this example, the “Annotations” box, seen in the lower right corner of the figure,
displays the selected area as 140,193 um2. In this example, there are approximately 51
eosinophils within the selected area, for a eosinophil density of 364 eosinophils/mm2, or an
eosinophil count of 87 eos/hpf assuming a high-power field area of 0.24 mm2, a typical size
reported in the literature. (Permission for screenshot granted by Aperio Technologies.)
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Fig. 3.

Correlation between the digitized slides and traditional glass slides for determination of
maximum eosinophil density (eos/mm?). a Digitized and microscope reads on the same slide
set by pathologist 1. b Comparison of the microscope read with the average of all the maximum
counts from all three pathologists
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Graphs of interobserver correlation for determination of maximum eosinophil density (eos/
mm?) as calculated with Pearson’s rho. a Pathologist 1 versus pathologist 2. b Pathologist 1
versus pathologist 3. ¢ Pathologist 2 versus pathologist 3
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Fig. 5.

Interobserver agreement measured with the « statistic for selected diagnostic cut-points for
EOE. The tissue count (eos/hpf) was back-calculated from the measured eosinophil density
(eos/mm?) for an assumed microscope hpf of 0.24 mm?
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Intraobserver correlation for determination of maximum eosinophil density (eos/mm?) as

calculated with Pearson’s rho. a Pathologist 1. b Pathologist 2. ¢ Pathologist 3
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Table 1

Slide reading and eosinophil counting protocol

Review the entire digitized slide at low to medium power to identify the areas, if any, of prominent eosinophil infiltration (Fig. 1).

Select the area with the highest eosinophil density, zoom to full image resolution (20x), and outline with the “rectangle tool” to yield a
measurement of the selected area in square microns (um?; Fig. 2)2.

Count the number of eosinophils within the sampled area to obtain the maximum eosinophil density (primary outcome).

Actively degranulating eosinophils are counted; eosinophilic granules in isolation are not.

In areas of dense inflammation with overlapping cell borders, attempt to count each eosinophil nucleus.

Do not count eosinophils at the edge of the biopsy specimen, as eosinophils in this area can degranulate due to biopsy tissue trauma [15].
Record the presence of degranulated eosinophils (yes/no) in the selected area.
Record the presence of eosinophilic microabscesses (clusters of >4 eosinophils) [15] in the selected area.

Repeat this protocol for four more areas: one area judged to be the next most densely infiltrated with eosinophils, and three that are representative
of the biopsy specimen overall.

Calculate the mean eosinophil density from all five areas counted.

Make a global determination of whether the biopsy findings are consistent with eosinophilic esophagitis (EoE) “in the correct clinical context™®,

&I'he goal was to select an area approximately 150,000-300,000 umz in size, which corresponds to a mid-sized microscopy field [14]
A “global determination” was chosen because pathologists may use a variety of indicators, including number and distribution of cells, presence of

activated cells, type of inflammation, and epithelial and stromal changes when assessing a biopsy specimen for EoE. Because clinical characteristics
of the individual slides were not provided to the pathologists for this study, their response was not correlated with clinical parameters

Dig Dis Sci. Author manuscript; available in PMC 2011 July 1.
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