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Abstract

Background—The Prague C & M Criteria, developed for the endoscopic grading of Barrett's
esophagus (BE), (C=circumferential length, M=maximal length) were previously validated among
a panel of 30 expert endoscopists with a special interest in BE. Its performance among
gastroenterology (GI) trainees is unknown.

Objective—To test inter-observer agreement among Gl trainees for the Prague C & M criteria,
identification of the gastroesophageal junction (GEJ) and the diaphragmatic hiatus.

Design—A prospective study.

Setting—Two tertiary-referral centers.

Patients and Interventions—Standardized endoscopic videos were used.
Main Outcome Measurements—Inter-observer agreement

Results—18 high quality videos (normal esophagus, short and long lengths of BE: equally
distributed) were independently evaluated by 18 Gl trainees [Year 1 (5), Year 2 (6), Year 3 (7)]
after administration of a formal teaching module by an expert endoscopist. Overall intraclass
correlation coefficients (ICC) for assessment of the C & M extent of the endoscopic BE segment
above the GEJ were 0.94 (0.89-0.98) and 0.96 (0.94-0.98), respectively. The overall ICC for GEJ
and diaphragmatic hiatus location recognition were 0.92 (0.86-0.96) and 0.90 (0.82-0.95)
respectively. The year of training did not affect inter-observer agreement.
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Limitations—The use of videos for endoscopic evaluation.

Conclusion—After standardized teaching, the Prague C&M criteria have high overall validity
among gastroenterology trainees irrespective of the level of training for endoscopic evaluation of
visualized BE lengths as well as key endoscopic landmarks.

Background

Barrett's Esophagus (BE) is a premalignant condition defined by the transformation of
normal esophageal squamous epithelium to columnar epithelium containing goblet cells,
known as intestinal metaplasia (1). BE is detected in approximately 5-15% of patients with
chronic gastroesophageal reflux disease (GERD), however, the exact prevalence of BE in
the general population is unknown (2). Recent estimates suggest approximately 0.4-1.6% of
adults in the Western population may harbor this condition (3). BE is the most important
identifiable risk factor for progression to esophageal adenocarcinoma (EAC); one of the
fastest rising incidence cancers with a dismal 5-year survival rate of approximately 10-15%
(4-9). Consequently, patients with BE are routinely enrolled in surveillance programs to
detect dysplasia with the intent of identifying early stage disease and improving overall
survival.

The initial step in diagnosing BE is the accurate endoscopic recognition of columnar lined
esophagus (CLE). An accurate endoscopic evaluation of BE is critical as precise assessment
of the length of intestinal metaplasia affects prognosis and influences the extent of biopsies
for histologic sampling. Several studies have evaluated the risk of dysplasia and cancer in
relation to the length of BE (9-11). A recent multicenter project suggested a 21% increase in
the risk of high grade dysplasia (HGD) and EAC for every 1 cm increase in BE length and
demonstrated BE length as a significant predictor of progression to HGD/EAC in patients
with non-dysplastic Barrett's esophagus (11). Traditionally, there has not been a validated
method for the endoscopic detection and classification of BE thus leading to a significant
amount of variation in describing endoscopic findings related to BE (12,13). The Prague
C&M Criteria was developed to standardize the endoscopic grading of BE as opposed to the
use of subjective terms such as “long”, “short”, or “ultra-short” (14). A universally accepted
standardized endoscopic grading system for BE is of vital importance to facilitate accurate
recognition and optimal treatment.

To address the need for a standardized approach to endoscopic grading, a subgroup of the
International Working Group for the Classification of Oesophagitis (IWGCO) with a special
interest in BE developed the Prague C&M Criteria which uses the “C” value as the
“circumferential extent” and the “M” value as “maximal extent” of BE above the
gastroesophageal junction (GEJ) in centimeters (Fig. 1). The criteria were initially validated
by 29 expert endoscopists with a special interest in BE from 14 countries using a standard
scoring form to grade 29 video sequences (15). This yielded high intraclass correlation
coefficient (ICC) values of 0.94 (95%CI 0.91-0.97) and 0.93 (95%CI 0.89-0.96) for the C &
M extent of the endoscopic BE segment above the GEJ, respectively. Near equally high ICC
values of 0.88 (95%CI 0.82- 0.93) and 0.85 (95%CI 0.78-0.91) were seen for critically
important endoscopic landmarks such as the GEJ and diaphragmatic hiatus, respectively
(15). Although these agreements were impressive, results may have been biased as the
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assessments were performed by expert endoscopists with a special interest in BE. The
performance of the Prague C&M criteria among less experienced endoscopists in Gl
fellowship training has not been examined.

The aim of this study was to determine whether the high inter-observer agreement seen with
experts using the Prague C&M criteria could be reproduced among gastroenterology (Gl)
trainees after standardized teaching.

The study was conducted at two separate tertiary care teaching institutions (The University
of Kansas School of Medicine and Washington University School of Medicine) involving
Gl trainees at all levels of training.

Material/Training

A one hour teaching session using an instructional DVD provided by the IWGCO was
conducted by the senior author (P.S.), who was involved in the development of the Prague
C&M criteria. The assessors (Gl trainees) were orientated to the Prague C&M criteria,
which included its application as well as review of recognition of endoscopic landmarks
including the squamo-columnar junction, top of the gastric folds (GEJ), and the
diaphragmatic pinch. Given that the recognition of the GEJ is crucial to the endoscopic
detection of BE, in this study, the proximal extent of the gastric folds was selected to
represent the GEJ (16). Instructions were also provided regarding the measurement of
contiguous segments of BE only, with exclusion of islands of squamous and columnar
mucosa from the assessment. In the teaching videos, landmarks were highlighted by the use
of freeze-framing and superimposition of lines and arrows edited onto the image. An open
discussion was permitted and adequate opportunity was provided to all assessors to have
their questions answered.

Inter-observer agreement was assessed with the use of 18 video sequences of normal
esophagus as well as suspected long and short segment BE used during the initial study
validating the Prague Criteria among experts. A strict protocol was used in the initial making
of the videos including monitoring and recording, in a standardized manner, the depth of
endoscope insertion as judged by the centimeter markings at the bite block. The assistant's
documentation of endoscope insertion depth was audio recorded directly onto the videotape
during image acquisition. Endoscopic images were gathered at each centimeter of depth of
insertion with the endoscope being maintained at each level for enough time to display all
findings. During the withdrawal phase of the procedure, 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. Air insufflation was
maintained to provide good visualization of endoscopic landmarks and mucosa but
insufficient to efface the gastric mucosal folds. All videos were recorded in a standardized
manner using standard white light endoscopy, at a gradual pull back rate, with no indicators
of endoscopic landmarks relevant to judging the presence and extent of BE from different
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endoscope manufacturers (Olympus, Fujinon, or Pentax). The endoscope insertion depth
was highlighted in numeric display in centimeters at the top left-hand corner of the video
image. The reviewers were then asked to view the videos and record their findings on an
assessment score sheet for analysis (Fig. 2).

Video Evaluation using the Prague C & M Criteria

Reviewers (Gl trainees) were required to identify the location of critical endoscopic
landmarks in each video and record their locations in centimeters. This location was
determined to be the centimeter marking just before when the observed landmark comes into
full-view on endoscopic withdrawal. The C value is the circumferential extent of BE
whereas the M value represents the maximal length at the proximal margin of the longest
tongue-like segment of BE above the GEJ. The assessors documented the location of the
diaphragmatic hiatus, top of the gastric folds which signifies the GEJ, the “C value” and “M
value” of the BE as well as the video quality on a case report form (CRF) (Fig. 1). The
quality of videos was rated by all the trainees as part of their assessment of the videos.

Statistical analysis

Results

Inter-observer agreement for the assessment of the C & M extent of the endoscopic BE
segment above the GEJ as well as other endoscopic landmarks were expressed as intraclass
correlation coefficients (ICCs) with 95 percent confidence intervals (Cls). ICC is a general
measurement of agreement of consensus from a group of two or more raters. An ICC of 1
indicates perfect agreement, with lower values commonly being interpreted as follow: >0.8
excellent, 0.8-0.6 good, 0.6-0.4 fair, and <0.4 poor. It is important to be aware that there are
different statistical forms of ICC, the use of which is dependent on the study design and the
rating system being assessed. In this study, we used a random effects two- way analysis of
variance (ANOVA) model because we designed the study to be representative of a random
sample of endoscopists each of whom rated the same random set of endoscopy videos. This
design was chosen so the results would be generalizable to other similar raters undertaking
clinical endoscopic assessment of patients with similar metaplastic lesions. The unit of
analysis for these models was individual endoscopist ratings because clinical assessments,
and use of the Prague C&M Ceriteria, are usually conducted by a single endoscopist, as
opposed to a group of raters who could provide a mean rating. ICCs and 95% Cls were
estimated using the icc23 command in STATA 11 (StataCorp LP, College Station, TX). In
addition to estimating 1CCs for all endoscopists together, we stratified our analyses by
geographic location, training level (year 1, 2, and 3), and BE length (<1 cm and =1 cm). To
ensure that the sample size was adequate for estimation, 18 assessors were included from the
two centers. A minimally acceptable level of agreement (p0) was set at 0.6, and a rho value
(p1) of = 0.8 was expected for a 1 cm difference in observations between assessors. 18
videos were evaluated in order to detect this difference at a=0.05 and f=0.2 per the methods
proposed by Walter et al. (17)

A panel of 18 gastroenterology trainees were recruited for the study. Nine GI fellows [Year
1 (n=3), Year 2 (n=3), Year 3 (n=3)] from the University of Kansas School of Medicine and
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nine Gl fellows [Year 1 (n=2), Year 2 (n=3), Year 3 (n=4)] from Washington University
School of Medicine participated in the study, totaling 18 GI fellows [Year 1 (n=5), Year 2
(n=6), Year (n=7) between the two centers. The ratings on the video quality were as follows:
30.2% were rated excellent, 48.5% good, 18.2% fair, and 3.1% poor. None of the videos
were rated as “not scorable.”

Prague C & M Criteria inter-observer agreement

The overall ICC values for the assessment of the C & M extent of the endoscopic BE
segment above the GEJ were 0.94 (95%CI 0.89-0.98) for the “C” extent and 0.96 (95%Cl
0.94-0.98) for the “M” extent (Table 1). Institutional ICC values for the assessment of the C
& M extent of the endoscopic BE segment above the GEJ for the University of Kansas
School of Medicine and Washington University School of Medicine in Saint Louis were
0.93 (95%Cl 0.86-0.97) and 0.97 (95%CI 0.95-0.99) for the “C” extent, respectively and
0.96 (95%C1 0.92-0.98) and 0.98 (95%CI 0.96-0.99) for the “M” extent, respectively (Table
1). Furthermore, the ICC values among the different levels of training for “C” and “M”
extent were 0.94 (95%CI 0.87-0.98) and 0.96 (95%CI 0.91-0.98) for first year, respectively,
0.96 (95%C1 0.92- 0.99) and 0.97 (95%CI 0.95-0.99) for second year, respectively and 0.94
(95%Cl 0.88-0.98) and 0.97 (95%CI 0.94-0.99) for third year, respectively (Table 2). These
ICCs represent excellent levels of agreement with no significant difference found between
the two centers for either the C or M grading and regardless of the year of endoscopic
training.

Assessors were able to agree on the presence of endoscopic BE 21 cm in length with
excellent agreement [ICC 0.95 (95%CI 0.90-1.01)]. However, the recognition of endoscopic
BE <1 cm in length had poor agreement [ICC 0.15 (95%CI 0.00-0.48)].

Identification of endoscopic landmarks

During the study the proximal extent of the gastric folds was selected to represent the GEJ.
The overall ICC values for the recognition of the GEJ and diaphragmatic hiatus were 0.92
(95%Cl 0.86-0.96) and 0.90 (95%CI 0.82-0.95), respectively (Table 1). Institutional ICC
values for recognizing the location of the GEJ for the University of Kansas School of
Medicine and Washington University School of Medicine were 0.90 (95%CI 0.81-0.96) and
0.96 (95%CI 0.93-0.98), respectively and 0.90 (95%CI 0.83-0.96) and 0.90 (95%ClI
0.83-0.96), respectively (Table 1). The ICC values among the different levels of training for
identification of the GEJ and diaphragmatic hiatus was 0.88 (95%CI 0.78-0.95) and 0.88
(95%Cl 0.79-0.95) for first years, respectively, 0.95 (95%CI 0.91-0.98) and 0.88 (95%ClI
0.78-0.94) for second years, respectively and 0.92 (95%CI 0.84-0.97) and 0.91 (95%ClI
0.84-0.96) for third years, respectively (Table 2). These ICCs represent excellent levels of
agreement with no significant difference found between the two centers for identifying both
the GEJ and diaphragmatic hiatus, regardless of the year of endoscopic training.

Discussion

Traditionally, there has been a significant amount of variation in the endoscopic description
and classification of BE (12,13). The Prague C&M Criteria were developed to standardize
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the endoscopic grading of BE rather than using subjective nomenclature (14). The prevalent
use of a standardized and practical criteria would allow for the accurate endoscopic
evaluation of BE potentially leading to improved clinical management including risk
stratification and treatment as well as for research purposes. The initial study performed
with expert endoscopists with a special interest in BE revealed excellent inter-observer ICCs
of 0.94, 0.93, 0.88, and 0.85 for the C value, M value, proximal extent of the gastric folds
and diaphragmatic hiatus, respectively (15). This excellent inter-observer agreement has
since been reproduced in an Asian multinational study of 34 endoscopists (18). The Prague
C&M Criteria has since been validated as a method for endoscopic grading of BE, however,
this is among expert endoscopists and its applicability and agreement among Gl trainees
with limited endoscopic experience is unknown.

In this multicenter study involving 18 Gl trainees who received a formal 1 hour interactive
teaching module, the Prague C&M criteria demonstrated excellent inter-observer agreement
with regards to the grading of endoscopic BE as well as the identification of the proximal
extent of the gastric folds and diaphragmatic hiatus. These results are consistent with the
findings of previous studies using the Prague C&M criteria among experts. To our
knowledge, this is the first study to systematically evaluate the endoscopic grading of BE
with the use of the Prague C&M criteria by inexperienced endoscopists. The excellent ICC
values, regardless of the year of endoscopic training, illustrate the lack of a substantial
learning curve and that the one hour teaching session was adequate to instruct trainees on the
criteria. The absence of a learning curve and the excellent ICC values observed in this study
among trainee endoscopists indicate that the Prague C&M criteria and its associated
terminology were easy to interpret and demonstrate its applicability to the routine practice of
BE evaluation and management.

A uniform endoscopic classification system is advantageous for clinical practice as it allows
for accurate assessment of the length of BE which is crucial for surveillance with the
accurate number and location of biopsy specimens. This is key given that BE requires
histologic confirmation and it has been shown that the yield of intestinal metaplasia in BE is
dependent upon the length of the segment, the use of endoscopy with advanced imaging
modalities and number of biopsies (19-21).

Although this investigation demonstrated excellent inter-observer agreement; we
acknowledge potential limitations. One limitation is the use of video clips for all evaluations
rather than live endoscopy. Given the technical difficulty of simulating live assessment
among 18 trainees, review of high quality, standardized endoscopic videos provided a
suitable alternative. Additionally, the freeze- frame capability of the videos allowed the
advantage of detailed review by the evaluators. The depth of endoscope insertion was
judged by markings at the bite block and variable positioning of the bite block could create
subtle differences in measurement. Another limitation is that the Prague C&M criteria
describes only the length of the endoscopically presumed BE and not the actual surface area,
which may be more critical with regards to prognosis/progression of neoplastic
transformation (8,9,22,23). The use of advanced imaging modalities such as NBI in assisting
the detection of BE was not assessed. Finally, the 15t year trainees were in the 2" half of
their clinical training, had performed approximately 200-300 upper endoscopies and all
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trainees were using the Prague criteria in clinical practice — this familiarity with the grading
system may have accounted for the lack of differences seen among the trainees at different
levels.

In conclusion, after standardized teaching, the Prague C&M criteria have high overall
validity among gastroenterology trainees regardless of the level of training for the
endoscopic evaluation of visualized BE lengths as well as key endoscopic landmarks. The
Prague C&M criteria has been shown to be reliable in assessing the extent of endoscopic BE
and can be performed after a short training exercise. In conclusion, these criteria can easily
be adopted in clinical practice given their high overall agreement among expert and trainee
endoscopists.
Acronyms

BE Barrett's esophagus

GERD Gastroesophageal reflux disease

EAC Esophageal adenocarcinoma

CLE Columnar lined esophagus

HGD High grade dysplasia

IWGCO International Working Group for the Classification of Oesophagitis

GEJ Gastroesophageal junction

ICC Intraclass correlation coefficient

Gl Gastroenterology

CRF Case report form

Cl Confidence intervals
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Figure 1.
Endoscopic view of Barrett's esophagus showing C: extent of circumferential metaplasia and

M: maximal extent of metaplasia.
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Figure 2.

Case report form (CRF) used by assessors for analysis of endoscopic videos
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Could you identify the diaphragmatic hiatus?
If yes, what was the endoscope insertion distance at the

diaphragmatic hiatus

Could you identify the top of the gastric folds?
If yes, what was the endoscope insertion distance at the

proximal ends of the gastric folds?

Was there a circumferential segment of Barrett’s esophagus
If yes, what was the endoscope insertion distance at the proximal

margin of the circumferential Barrett’s esophagus?

Was there at least one tongue-like segment of Barrett’s esophagus?
If yes, what was the endoscope insertion distance at the proximal

margin of the longest Barrett’s tongue at this point?

How would you classify the Barrett’s esophagus in regards to length
from the gastroesophageal junction?
Circumferential (C) segment

Maximum extent (M) including tongues

6. Technical adequacy of images

__Not scorable __Poor __Fair __Good __Excellent
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Table 1

Intraclass Correlation Coefficients for C&M Extent and Endoscopic Landmarks Overall and Stratified by

Geographic Location

Parameters

Overall (n=18)

Kansas University (n=9)

Washington University (n=9)

Circumferential extent of Barrett's segment (C value)

0.94 (0.89-0.98)

0.93 (0.86-0.97)

0.97 (0.95-0.99)

Maximum extent of Barrett's segment (M value)

0.96 (0.94-0.98)

0.96 (0.92-0.98)

0.98 (0.96-0.99)

Location of GEJ

0.92 (0.86-0.96)

0.90 (0.81-0.96)

0.96 (0.93-0.98)

Location of the diaphragmatic hiatus

0.90 (0.82-0.95)

0.90 (0.83-0.96)

0.90 (0.83-0.96)
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Intraclass Correlation Coefficients of the C&M Extent and Endoscopic Landmarks Stratified by Year of

Endoscopic Training

Table 2

Parameters

Year of Endoscopic Training

Year 1 (n=5)

Year 2 (n=6)

Year 3 (n=7)

Circumferential extent of Barrett's segment (C value)

0.94 (0.87-0.98)

0.96 (0.92-0.99)

0.94 (0.88-0.98)

Maximum extent of Barrett's segment (M value)

0.96 (0.91-0.98)

0.97 (0.95-0.99)

0.97 (0.94-0.99)

Location of GEJ

0.88 (0.78-0.95)

0.95 (0.91-0.98)

0.92 (0.84-0.97)

Location of the diaphragmatic hiatus

0.88 (0.79-0.95)

0.88 (0.78-0.94)

0.91 (0.84-0.96)
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