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Background & Aims: Barrett’s esophagus (BE) is a pre-
malignant condition for esophageal adenocarcinoma, its di-
agnosis relying initially on recognition of a columnar-lined

distal esophagus. We aimed to develop and validate explicit, con-
sensus-driven criteria for the endoscopic diagnosis and grading of
BE.

Methods: An international working group agreed on criteria
and developed materials for their formal evaluation using vid-
eo-endoscopic recordings gathered in a standardized manner in
29 patients. The criteria included assessment of the circumfer-
ential (C) and maximum (M) extent of the endoscopically visu-
alized BE segment as well as endoscopic landmarks. The record-
ings were scored according to these criteria by a separate
international panel of 29 endoscopists. Results: The Prague
C & M Criteria give explicit guidance on the endoscopic recog-
nition of BE and grading of its extent. The overall reliability
coefficients (RC) for the assessment of the C & M extent of the
endoscopic BE segment above the gastroesophageal junction
were 0.95 and 0.94, respectively. The rates of exact agreement
(for C & M values) for pairwise comparisons of individual
patient values were 53% and 38%, respectively, whereas the
values for agreement within a 2-cm interval were 97% and 95%,
respectively. The overall RC for endoscopic recognition of BE
=1 cm was 0.72, whereas for BE <1 cm, it was 0.22. The RCs for
recognizing the location of the gastroesophageal junction and
the diaphragmatic hiatus were 0.88 and 0.85, respectively.
Conclusions: The Prague C & M Criteria have high overall
validity for the endoscopic assessment of visualized BE lengths.

B arrett’s esophagus (BE) is the premalignant condition for
adenocarcinoma of the esophagus and gastroesophageal
junction (GEJ) and is associated with chronic gastroesophageal
reflux disease.1? In BE patients, the proximal level of the squa-
mocolumnar junction (SCJ or Z-line) is such that it no longer
coincides with the GEJ. The resulting columnar-lined mucosa
of the distal esophagus appears salmon-pink in color and is
readily visible by endoscopic examination. Biopsy specimens
can then be obtained from this area of suspected BE (endo-
scopic BE) to characterize further the tissue and to document

specifically the intestinal metaplasia.>* Thus, reliable diagnosis
of BE, with its associated risk for esophageal adenocarcinoma,
depends first on the effective recognition of endoscopic features
of the suspected BE segment, followed by technically adequate
histologic sampling of the metaplastic esophageal mucosa to
screen for intestinal-type metaplasia. Apart from biopsy sam-
pling, measurement of the extent of BE is also clinically relevant
because this influences the risk of developing adenocarci-
noma.>¢ For instance, the Rotterdam Esophageal Tumour
Study Group found that a doubling of the length of BE in-
creased the risk of adenocarcinoma by 1.7 times.®

Despite the importance of accurate endoscopic recognition
and grading of BE, there is no consensus-based, authoritative
guidance on how this should be done. Accordingly, a variety of
ad hoc and frequently inadequately specified and validated
approaches have been used. For instance, grading of patients
into those with variably defined “short” and “long” segments of
BE is an unsatisfactorily crude approach.” Previous studies have
found considerable inter- and intraobserver variation, even
when an endoscopic length of BE of more than 3 cm is esti-
mated.®® Clinical management and research of BE patients
would benefit greatly from the widespread use of standardized,
simple, and practical criteria for the endoscopic grading of BE
with standard endoscopic equipment. This report describes the
consensus-based development and subsequent validation of cri-
teria designed to achieve this aim. The major specifications for
these criteria were that they should give the best possible guid-
ance for accurate endoscopic recognition of the anatomical GEJ
(the dividing line between the esophagus and stomach) as the
first and crucial step in the recognition and then grading of BE.
Furthermore, the approach to definition of extent has to be able
to capture the great variability of orad circumferential and
tongue-like extents of BE and to express them in a way that is
easily understood. The criteria that have been developed have
been named the Prague C & M Criteria because they were first
presented at an open meeting at the Prague September 2004
United European Gastroenterology Week.

Abbreviations used in this paper: BE, Barrett’s esophagus; C, circum-
ferential; GEJ, gastroesophageal junction; M, maximum; SCJ, squamo-
columnar junction.
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Throughout this report, the term “Barrett’s esophagus” is
used to indicate the macroscopic identification, by standard
endoscopy, of abnormal columnar esophageal epithelium sug-
gestive of columnar-lined distal esophagus. This is the first step
in the recognition of patients with this lesion, before biopsy
specimens are obtained.

Materials and Methods

Working Group Structure and Meetings

A subgroup of the International Working Group for the
Classification of Oesophagitis (IWGCO), the authors of this
report, was assembled to develop criteria for endoscopic detec-
tion and grading of BE that would be useful in both clinical
practice and research trials. All the members of the subgroup
have a research and clinical interest in BE, and one is a statis-
tician. The first meeting was convened in September 2002, and,
here, strategies for development of criteria for grading of BE
were formally considered. Statements about the recognition of
key endoscopic landmarks pertinent to the endoscopic recog-
nition and classification of BE were developed and rated by the
group. The level of evidence in support of each statement was
provided, and the members voted anonymously regarding their
acceptance or refusal of each statement, according to the voting
structure.’® Voting and discussion on the statements helped
identify issues that needed further consideration. Subsequent
meetings and work by individual group members in prepara-
tion for these meetings addressed these outstanding issues.

Throughout the development of the endoscopic criteria,
video recordings of patients with and without endoscopic evi-
dence of BE were used at the group’s meetings to test and refine
approaches toward the recognition of endoscopic landmarks
and for implementation of criteria. These recordings of endo-
scopic examinations were made by some members of the group
and/or their colleagues (see Acknowledgements section). Endo-
scopes with the best possible image resolution were used, and
digital video recorders captured the images. The digital format
allowed subsequent copying of recordings without loss of im-

age quality.

Preparation of Videos of Endoscopy
Procedures

The group had agreed at the outset of its work that the
final criteria should be validated by a study of interobserver
agreement. The positions of landmarks used in the criteria were
to be scored in video recordings of endoscopies in patients with
varying lengths of BE and in those without any endoscopic
evidence of BE. To achieve this goal, the group developed a
standard approach for making each video recording that was
judged to best enable recognition of the positions of land-
marks, and a library of 50 such video recordings was collected.
The method of endoscopic recordings avoided giving any cue to
the observer about the display of landmarks relevant to judg-
ments on the presence and extent of BE.

The protocol used to make the video recordings was defined
in detail, in writing, and had the following major features. The
depth of endoscope insertion was monitored and recorded in a
standardized manner by an assistant who spoke the depth of
endoscope insertion (as judged by the centimeter markings at
the bite block) every few seconds. The assistant’s documenta-
tion of endoscope insertion depth was audio recorded directly
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onto the digital videotape during image acquisition. Video
endoscopic images were gathered at each centimeter of depth of
endoscope insertion with the endoscope being maintained at
each level long enough to display all findings. The endoscopist
then moved the endoscope gradually, with the assistant saying
“moving” as this was done and also providing the depth of
insertion to which the endoscope had been moved. Two se-
quences of such 1-cm stepwise insertion and withdrawal were
recorded over the full distance required to demonstrate clearly
the findings between the uppermost margin of the squamo-
columnar junction (SCJ) and the cavity of the upper stomach,
clearly below the diaphragmatic hiatal impression if a hiatus
hernia was present. During video recordings, endoscopists were
instructed to maintain air insufflations sufficient to provide
good visualization of the landmarks and mucosa but insuffi-
cient to efface the upper ends of the gastric mucosal folds.

The video/audio recordings were sent to a central editing and
storage facility (QPC, Gothenburg, Sweden) at which they were
coded and then anonymized by deletion of all printed informa-
tion recorded with the endoscopic images. The editing process
included transfer of the audio documentation of depth of
endoscope insertion into a numeric display of this value onto
the video recording above the top left-hand corner of the video
image.

Internal and External Validation Study

Two validation studies were carried out: the initial
study was conducted with members of the IWGCO working
group as assessors (internal study), and the second study was
conducted with external assessors who had not participated in
the recording and selection of the video sequences (external
study). An initial video sequence-based validation study was
done on 50 video clips made during both endoscope insertion
and withdrawal. Videos were scored according to a standard
form developed by the group. The data and experience from
this preliminary internal study led to the final choice of 29
video sequences, gathered only during endoscope withdrawal.
Experience with the video clip scoring form led to its significant
revision so that its clarity was substantially improved for the
definitive study.

For the study with external assessors, members of the work-
ing group recruited 29 expert endoscopists with a special inter-
est in BE (see Acknowledgements section) from 14 countries to
evaluate each of the 29 video sequences for the standardized
criteria presented in results, using a standard scoring form
(Figure 1). The video sequences were arranged in random order,
assigned code numbers, and copied onto a digital video disc
(DVD). The DVD also contained an instructional video on how
to score the developed criteria, which had to be watched before
any of the test videos could be evaluated. This instructional
video used a high-quality endoscopic withdrawal sequence from
a patient with a hiatus hernia and a BE length >3 cm. Instruc-
tions were provided explicitly regarding the measurement of
contiguous segments of BE only, ie, islands of squamous and
columnar mucosa were not to be included in the assessment.
Landmarks were highlighted by the use of freeze-framing and
superimposition of lines and arrows edited onto the image,
with accompanying explanatory text beside the video image.
This instructional video also explained to the assessors how
they could control the playing of video sequences, including
freeze-framing and slow motion scrolling through the se-
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1. Could you identify the diaphragmatic hiatus? O yes O no
If yes, what was the endoscope insertion distance at the diaphragmatic [ lcm
hiatus?

2. Could you identify the proximal margin of the gastric fold? O yes O no
If yes, what was the endoscope insertion distance at the proximal ends [ lcm
of the gastric folds?

3. Could you identify a circumferential ‘ring’ or ‘pinch’ near the proximal
end of the gastric folds? O yes O no
If yes, what was the endoscope insertion distance at this point? [ em

4. Was there a circumferential segment of Barrett's esophagus? O yes O no
If yes, what was the endoscope insertion distance at the proximal [ dem
margin of the circumferential Barrett's esophagus?

5. Was there at least one tongue-like segment of Barrett's esophagus? O yes O no
If yes, what was the endoscope insertion distance at the proximal [ Jem

margin of the longest Barrett's tongue a this point?
What portion of the circumference of the esophagus did the tongue 0<50% O 250%
occupy?

6.  With respect to the extent of the Barrett's esophagus, how would you
classify this according to the length from the gastroesophageal

junction?

Circumferential (C) segment? cdem

Maximum extent (M), including tongues? M Jem
7.  Were there any mucosal breaks identified in the squamous mucosa? O yes O no

If yes, what was the severity of the esophagitis? Please check (v ) one

grade.

Los Angeles (LA) o0 GradeA o0 GradeB o GradeC o GradeD

8.  Technical adequacy of images. Please check (v ) one number per clip.

O Not scorable  © Poor o Fair 0 Good O Excellent

Figure 1. Assessment score sheet for analysis of endoscopy vid-
€0s.

quences. The DVD also contained detailed text-based instruc-
tions (Figure 2) and the score form. The form was completed
electronically and submitted to a Web site set up for the
validation study. Assessors had approximately 4 weeks to com-
plete their evaluation, at which time the database was closed for
analysis.

Video Clip Assessment and Data Capture

The recordings were assessed using a hybrid DVD/Web
solution via a dedicated Web site on a structured query lan-
guage (SQL) database in conjunction with a specially prepared
DVD containing the instructional video and the clips to be
assessed. Assessors were given a set of instructions and were
asked to identify key landmarks from each clip. Their observa-
tions were marked on the on-line score sheet, which was entered
directly into the remote database.

Statistical Analysis

The level of evidence in support of each statement
was provided, and the members voted anonymously regard-
ing their acceptance or refusal of each statement, according
to the voting structure. Consensus was defined as greater
than 70% of votes cast in agreement or disagreement with
each proposition.
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Interrater agreement regarding the length of C & M was
evaluated by the intraclass correlation coefficient (or inter-
rater reliability coefficient). With 2 raters, the intraclass cor-
relation coefficient is the same as the weighted « with qua-
dratic weights, and, with more than 2 raters, it approximates
the mean of all pairwise weighted k values. As another
measure of interrater agreement regarding the length of C &
M, the proportion of pairwise comparisons in which the
raters’ assessments agreed exactly or differed by at most 1 cm
and at most 2 cm, respectively, was calculated. Interrater
agreement regarding binary variables (eg, presence/absence
of BE) was also evaluated by the intraclass correlation coef-
ficient, in this case approximating the average of all pairwise
ordinary k values.

The strength of rater agreement was categorized according to
definitions proposed by Landis and Koch for k values.!' These
were as follows: 0.00-0.20, slight; 0.21-0.40, fair; 0.41-0.60,
moderate; 0.61-0.80, substantial; 0.81-1.00, almost perfect. The
sample size (comprising the number of raters and video clips)
for the external validation was chosen to yield a difference of
approximately 0.05 (at most 0.1) between the estimate and the

General comments

For all landmarks, record the depth of endoscope insertion in centimeters (as shown on screen), at the
point where the feature is observed, on the data form as follows

The depth of insertion of the endoscope for a feature is determined as the point just before the
feature comes into full view on withdrawing the endoscope

For any length of endoscopic Barrett’s epithelium <1cm above the GEJ, please report the
measurement as “<1em”

For all other lengths of endoscopic Barrett’s epithelium, and for other landmarks, please report the
value rounded to the nearest centimeter (i.e. ronnded down if < Smm and rounded up if = 5mm)

Criteria for GEJ (features to be sought on video)
« Proximal extent/tips of gastric folds, or pinch ring

« Exact measurements of the depth of endoscope insertion should be made and reported on the data
sheet

« The GEJ location should be determined by either:
o the most proximal extent of the gastric folds. or

o the circumferential ‘ring” or ‘pinch’ just above to the proximal ends of the gastric folds
(indicating the distal end of the lower esophageal sphincter)

Criteria for limits of Barrett’s epithelium (features to be sought on video)

If there is any endoscopic suspicion of Barrett’s epithelium, the extent of the “circumferential” and
any proximal ‘tongue-like’ changes should be determined

Exact measurements of endoscope insertion depth should be made and reported on the data sheet
for:
o the proximal margin of the circumferential segment of Barrett’s epithelium

o the proximal margin of the longest “tongue-like’ segment of Barrett’s epithelium

Criteria for reporting the extent of endoscopic Barrett’s esophagus

C’ (circumferential) and ‘M’ (maximal) measurements are calculated, respectively, as:

C = The difference in endoscope insertion distances between the positions recorded for the “GEI”
and the “proximal margin of the circumferential Barrett's epithelium™

M = The difference in endoscope insertion distances between the positions recorded for the “GEJ”
and the “proximal margin of the longest ‘tongue-like’ segment of Barrett’s epithelium™ (do not
include Barvett's islands in this assessment)

Eor example

C3MS: Circumferential Barrett’s at 3cm above GEJ and a maximum extent of Sem (fongue
extending 5cm above GEJ)

COMB3: No circum ferential extent of Barrett’s and a maximum extent of 3em (tongue extending 3cm
above GEJ)

C2M2: Circumferential Barrett’s at 2cm above GEJ and a maximum extent of 2em (ho tongues
extending beyond circumferential area of Barrett's esophagus)

C<1IM<1: Circumferential Barrett's at <1cm above GEJ and a maximum extent <1em above the
GEIJ (tongue extending < 1 em above GEJ. This is equivalent to an irregular Z-line)

Figure 2. Endoscopic grading system for Barrett’s esophagus. A
copy of these instructions was given to assessors participating in the
validation of the grading system. GEJ: gastroesophageal junction.
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Table 1. Key Propositions and Acceptance Levels Among the Barrett’s Esophagus Working Group Participants

Acceptance
Proposition and level of acceptance level (%)?
“Barrett’s esophagus,” qualified by a descriptor of its extent, is the most pragmatic term to describe the endoscopic 1 (100)°
appearances suggestive of columnar-lined esophagus.
Measurement of the nearest and farthest proximal limits of Barrett’s esophagus, relative to the distal limit (the 1 (100)°
GEJ), is a reasonable assessment of its extent.

The proximal limit of linear gastric mucosal folds is the most practicable indicator of the gastroesophageal junction 1 (83)°
(GEJ) in the presence of suspected Barrett’s esophagus in routine diagnostic endoscopic practice. 2 (17)°
The proximal limit of gastric mucosal folds is defined best as the most proximal point at which there is any evidence 1 (100)°

of a linear fold of gastric mucosa. This is best visualized when the esophagus is distended minimally to the point
that the proximal ends of the gastric folds appear.
Endoscopic changes suggestive of columnar-lined esophagus, extending less than 1 cm above the GEJ, are of 1 (100)°
uncertain value for the diagnosis of Barrett's esophagus.
Endoscopic changes suggestive of columnar-lined esophagus, extending at least 1 cm above the GEJ, are likely to 1(83)P
predict the presence of Barrett's esophagus. 2 (17)°
Assessment of the extent of Barrett’s esophagus should be conducted by measuring the depth of insertion of the 1 (100)°

endoscope relative to the bite block.

aWorkshop participants voted on whether they accepted the proposition completely (1), with some reservations (2), or with major reservations

(3), or rejected the propositions with reservations (4), or completely (5).

bGreater than 70% of votes cast in agreement or disagreement of each proposition was established as consensus.

lower limit for a 1-sided 95% confidence interval for intraclass
correlation coefficients.

Results

Endoscopic Landmarks and Development of a
Classification System

A series of statements about the recognition of key
landmarks pertinent to the endoscopic recognition and classi-
fication of BE were developed and rated by the group (Table 1).
This process highlighted the pivotal importance of accurate
localization of the GE]J for the diagnosis of BE and also for the
measurement of its extent. Review of the literature relevant to
the endoscopic location of the GEJ showed a lack of validation
of any of the criteria proposed. None of these criteria were
originally proposed by the working group. Because of the lack
of authoritative guidance in the literature on how to locate the
GEJ, the working group judged it necessary to evaluate and
describe how best to assess the position of the GEJ endoscop-
ically. Of the 3 options considered at the initial meeting of the
working group, the only one supported by all members was the
GEJ as being “at the proximal margin of the gastric mucosal
folds.” This support was given despite acceptance by the group
that the reliability of determining this landmark was dependent
on minimization of the distending volume of air used during
endoscopy (Table 1). The second option for location of the GEJ
was “a pinching of the lumen by the narrow band of the
specialized muscle of the lower esophageal sphincter,” ie, the
“sphincteric pinch.” This was considered worthy of evaluation
but was less strongly supported than the proximal margin of
the gastric mucosal folds. Use of the lowest extent of the
palisade blood vessels of the esophagus as a marker of the GEJ
was also discussed at length. The group’s overall opinion of the
utility of this criterion was, however, lukewarm. This was on the
basis that discrimination between the true palisade vessels and
other vascular patterns present in mucosa below the GEJ was
sometimes difficult and that the palisade vessels could not be
seen adequately in all patients when standard endoscopic im-
aging methods were used.

The final criteria agreed on by the working group are given
in Figures 3 and 4. They were refined at multiple meetings of
the group, and their last evolution occurred just before the
launching of the definitive validation study by external asses-
sors.

Development of the C and M Criteria

The relatively simple approach of recording both the
circumferential extent (the C value) and the maximum extent
(the M value) above the GEJ in centimeters (Figure 3) proved to
be easy to use when tested by the group and was judged to give
the best balance between simplicity and capture of potentially
useful detailed information on extent. It was agreed that true
islands of squamous and columnar mucosa should not influ-
ence the measurement of extent and that this should be stated
in the subtext for the criteria. The choice of “M” for “Maximum
extent” was a much debated late evolution of the criteria from
the previous use of “T” for “Total extent.” This change was
made because the internal preliminary validation study indi-
cated the potential for “T” to be mistakenly interpreted as the

Maximal extent of metaplasia:
M=5.0cm

Distance
(em) from
GEJ

Circumferential extent of metaplasia:
C=2.0cm

_ _ True position of GEJ:
Origin = 0.0 cm

Figure 3. Diagrammatic representation of endoscopic Barrett’s
esophagus showing an area classified as C2M5. C: extent of circum-
ferential metaplasia; M: maximal extent of the metaplasia (C plus a distal
“tongue” of 3 cm); GEJ: gastroesophageal junction.
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Figure 4. Video still of endoscopic Barrett’s esophagus showing an
area classified as C2M5. C: extent of circumferential metaplasia; M:
maximal extent of the metaplasia (C plus a distal “tongue” of 3 cm).

length of “tongues” of BE, rather than the total length above
the GEJ.

Thus, the grading system defined by the working group to
improve the recognition of and reporting of gastroesophageal
landmarks and endoscopically recognized BE included the C &
M extent of endoscopically recognized BE, GEJ, SCJ, and dia-
phragmatic hiatus (Figure 2). Figures 3 and 4 show the C & M
extents of endoscopically recognized BE, with C = 2 cm and M
= 5 cm, giving a classification of C2MS5.

Initial Validation of the Classification System:
Internal Study

The grading system was validated initially by a panel of
5 members of the working group, who assessed a selection of 50
video clips. The video clips were viewed in random order. The
internal assessment produced reliability coefficients of 0.91 for
C and 0.66 for M. This correlates to an “almost perfect” level of
reliability for C and “substantial” reliability for M (Table 2).
One assessor misinterpreted M as being the “tongue” length,
and, if the results from this assessor were excluded, the reliabil-
ity coefficients were 0.94 for C and 0.88 for M. There were only
minimal differences between the reliability coefficients for
push-only and pull-only endoscopic procedures (Table 2), indi-
cating that these criteria could be used either during endoscope

Table 2. Reliability Coefficients for the Initial Validation of
the Classification System: Internal Study

All endoscopies Push-only  Pull-only

(push or pull) endoscopy endoscopy
Circumferential extent (C) 0.91 0.93 0.91
(0.94)2 (0.94)2 (0.94)@
Maximal extent (M) 0.66 0.65 0.67
(0.88)2 (0.96)2 (0.81)2

aReliability coefficient if the results from 1 of the 5 internal assessors,
who did not understand the “M” classification, are not included in the
analysis.

GASTROENTEROLOGY Vol. 131, No. 5

Table 3. Number of Video Clips With C & M Assessments
in Relationship to the Length of the BE Segment

Number of video clips Number of video clips

Estimated BE length (C value) (M value)
0.0to <0.5¢cm 14 5
0.5to <1.0cm 4 2
1.0to <3.0cm 4 11
3.0to <5.0cm 2 4
=5.0cm 5 7

insertion or toward the completion of endoscopic procedure, ie,
withdrawal.

Validation of the Classification System:
External Study

Of the 29 external assessors invited to participate in the
analysis, 22 submitted complete data for C & M values for the
selection of the 29 video clips selected for this study. One
observer assessed only 1 video clip, and these data were ex-
cluded from analysis. Moreover, 9 observers had at least once
recorded an M value that was numerically smaller than the C
value on the same clip (the M value should always be =C value).
In these situations, the M value was replaced with the C value.
The distribution of mean C & M assessments of the 29 video
clips is presented in Table 3. Almost half of the C assessments
but only 5 of the M assessments were less than 0.5 cm.

The overall reliability coefficients from the external assess-
ment were 0.94 for C and 0.93 for M, representing an “almost
perfect” level of reliability for both. Using the C & M criteria,
assessors were able to agree on the presence of endoscopic BE
greater than 1 cm in length with substantial reliability (RC =
0.72). The recognition of endoscopic BE <1 cm in length was
only slightly reliable (RC = 0.21), making the recognition of
endoscopic BE of any length moderately reliable (RC = 0.49).
The assessors were able to recognize the proximal margin of the
gastric folds and the diaphragmatic hiatus with almost perfect
reliability (RC = 0.88 and 0.85, respectively). When calculating
percentage agreement, each observer was compared with every
other observer. For such pairwise assessment, there were a total
of 6699 comparisons from the 29 video clips. Of these compar-
isons for C & M values, the exact rates of agreement were 53%
and 38%, respectively. The comparisons differed at most by 1
cm in 88% and 82% and differed at most by 2 cm in 97% and
95% of the C & M values, respectively. The detailed breakdown
of results from the external assessment by length of BE and
reliability coefficients for recognizing the position of gastro-
esophageal landmarks are presented in Tables 4-6.

There were no observers that recorded extreme values, ie,
consistently the highest or lowest recordings. The observer with
the highest number of extreme recordings had, out of the 29
clips, 3 highest recordings on C and 4 highest recordings on M.
The results did not change when this observer was excluded
from the analysis.

Discussion

At present, standardized, validated criteria for the en-
doscopic description of BE are not routinely used. Endoscopists
currently adopt a loose classification system, defining endo-
scopic segments of BE as “long,” “short,” or “ultra-short,” with-
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Table 4. Reliability Coefficients for Recognizing Different Lengths of Barrett’s Esophagus and the Position of Esophageal

Landmarks
Recognition of BE or position of Reliability Reliability (Landis and
gastroesophageal landmark coefficient Koch, 1977)11 Lower 2-sided 95% ClI Upper 2-sided 95% CI
Diaphragmatic hiatus 0.85 Almost perfect reliability 0.78 0.91
Proximal margin of gastric fold 0.88 Almost perfect reliability 0.82 0.93
Pinch at distal esophagus 0.78 Substantial reliability 0.68 0.87
C value 0.94 Almost perfect reliability 0.91 0.97
M value 0.93 Almost perfect reliability 0.89 0.96

Cl, confidence interval.

out there being an established cutoff or clinical significance for
any of these categories.” Moreover, considerable variation in the
ability to detect, classify, and measure the endoscopic extent of
BE has been reported.8?

To deal with these issues, we developed an endoscopic clas-
sification system for BE that would be useful for clinical prac-
tice and in clinical trials and that would act as a foundation for
subsequent histologic analysis. The endoscopic recognition of
BE requires identification of endoscopic landmarks, namely, the
GEJ, squamo-columnar junction, and diaphragmatic hiatus.
These landmarks document the presence of a columnar-lined
esophagus (ie, esophageal columnar metaplasia). Further char-
acterization of BE requires multiple biopsy specimens from the
columnar-lined segment to be obtained to detect metaplastic
and dysplastic epithelium. The Prague C & M Criteria alert the
endoscopists to the presence of a columnar-lined esophagus
and thereafter allow the grading of the C & M extent of the
columnar-lined esophagus (BE segment). It was not the intent
of the group to exclude histology as a vital tool for assessment
of patients with BE. Rather, we sought to focus on the endo-
scopic recognition and grading of endoscopic criteria, which is
the initial crucial step prior to obtaining correctly located bi-
opsy specimens. Also, it was agreed that true islands of squa-
mous and columnar mucosa should not influence the measure-
ment of extent of BE and that only segments of contiguous BE
be measured. This study is the first to grade the endoscopic
extent of BE in a standardized manner and using consensus-
based and validated criteria. It is also the first to validate
formally the identification and measurement of endoscopic
landmarks, although endoscopists have been using these fea-
tures for some time.

Endoscopists participating in the external validation reliably
recognized the position of esophageal landmarks such as the
proximal margin of the gastric folds, pinch at the distal esoph-
agus, and diaphragmatic hiatus (giving reliability coefficients of
0.88, 0.78, and 0.85, respectively). This demonstrates a substan-
tial-to-near-perfect level of reliability and suggests that there is

Table 5. Percentage Agreement for C & M Values

Percentage

agreement
Exact agreement: C 53
1-cm difference: C 88
2-cm difference: C 97
Exact agreement: M 38
1-cm difference: M 82
2-cm difference: M 95

little difference between expert endoscopists in locating these
key landmarks. Recognition of the GE] is of crucial importance
for the reliable and consistent detection of BE at endoscopy. We
evaluated the proximal margin of the gastric folds as a marker
of the GEJ.12 It was acknowledged by the group that a definition
of the most distal ends of the palisade-shaped longitudinal
vessels may be of value, based on the methods of identifying the
GEJ in Japan.'®> However, the palisade vessels may not be uni-
formly visible using standard endoscopy in reflux patients and
may be obscured by the presence of a double muscularis mu-
cosa in patients with BE.!314 Some centers use differences
between mucosal surface patterns to identify the GEJ, but these
generally require chromoendoscopy or high-resolution endos-
copy, which still are not currently practicable for routine use.
Gastric folds have the advantage of being independent of the
BE length, hiatus hernia, or changes in the gastric mucosa and
were therefore judged to be the most practical and most com-
monly used landmark of the GEJ. Consensus was also obtained
for a very similar proposition at the AGA Chicago workshop.1©
Furthermore, all members agreed that the proximal limit of
gastric mucosal folds are best visualized when the esophagus is
distended minimally, although further work may be required to
define “minimum insufflation.”

The high reliability coefficient values for the C & M extent of
endoscopically recognized BE (C & M values), particularly those
obtained from the external study, suggest that endoscopists
found the new terminology easy to understand and were able to
measure C & M from video clips of BE with a high degree of
reliability. Endoscopists were not able to reliably measure
shorter lengths of BE (<1 cm). This is not surprising because
there is a lower margin for error when identifying the GEJ and
extent of endoscopically recognized BE when the segment is
very short.

Despite the impressive reliability of the Prague C & M
classification system, this study has a number of potential
limitations. All assessments were performed using video clips
rather than actual patients. However, it would be logistically
impossible to base such a study on live endoscopy. The use of
video clips allowed us to gather data from a large number of
endoscopists. The clips were screened for how adequately

Table 6. Overall k Values, Based on BE Length

k Values
BE, any length 0.49
BE, length =1 cm 0.72

BE, length <1 cm 0.21
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they displayed endoscopic landmarks. Use of digital record-
ing equipment ensured that the quality of stored images was
equivalent to live endoscopy and the use of freeze-frame gave
assessors the opportunity to analyze each clip in detail. The
classification system described here does not measure the
surface area of the columnar-lined esophagus, which may be
more important than just the endoscopic extent.®5-17 One
technique to accurately and reproducibly measure the sur-
face area of columnar-lined esophagus uses a computer pro-
gram to create a 2-dimensional map of the esophagus.!® Such
an approach is not, however, suitable for everyday practice.
The C & M measurements provide a useful approximation of
the extent of endoscopic BE and can also be performed
relatively quickly. The classification system was validated by
a panel of endoscopists with an interest in BE. This may have
given rise to an artificially high level of reliability in identi-
fication of landmarks and recognition of BE because of
increased awareness of these key features in this expert
group. The reliability of these criteria when used by endos-
copists who are not especially interested in BE or who are less
experienced remains to be tested. Finally, any new classifica-
tion system for BE would be further validated if linked to
outcomes. Such an initiative is already underway, but it will
be several years before data will be available.

It is important to recognize that no prospective randomized
study has established that endoscopic screening and surveil-
lance programs for BE decrease the rates of death from cancer,
and decisions regarding the optimal interval for surveillance are
based on assumptions made in an area in which few data are
available.’®-2! Thus, screening and surveillance are still contro-
versial issues among gastroenterologists.!®2122 The effective-
ness of medical or surgical intervention in treating BE is also
debatable.?3-25 Nevertheless, it is vital to develop a standardized
method of measuring BE to assess the efficacy of treatments in
individual patients, for the classification of patients in clinical
trials, and for the development of treatment algorithms in
clinical practice.

Future developments and research to improve further the
endoscopic detection and classification of BE should also in-
clude simple measures such as the development of endoscopes
with markings at 1 cm (or smaller) intervals to enable greater
accuracy. Ultimately, it would be desirable to promote the more
widespread use of a computer program to flatten 3-dimensional
esophageal images, permitting an accurate calculation of the
area of endoscopically recognized BE. Similar methods may
allow for a better assessment of esophageal adenocarcinoma
risk.

In conclusion, a consensus-based endoscopic classification
system has been proposed and undergone extensive internal
and external validation by trained endoscopists. This system,
which determines the C & M criteria to describe and classify
endoscopic BE, is simple and can be measured reliably by
different endoscopists. The location of gastroesophageal land-
marks is central to this classification, and the validation study
described here has shown that these can be reliably identified
and located by different endoscopists. Adoption of this stan-
dardized classification system may greatly enhance the ability of
physicians to gauge the efficacy of treatments for BE in indi-
vidual patients and the classification of patients with BE in
clinical trials. In addition, it may help to define better the
natural history of BE.
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