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ABSTRACT

Background and study aims Endoscopic ultrasound
(EUS) may be a useful modality for disease assessment and
risk stratification in ulcerative colitis. We assessed the relia-
bility of a newly developed EUS index of inflammation
called the EUS-Ulcerative Colitis (EUS-UC) score.

Patients and methods The EUS-UC score components in-
clude total wall thickness, hyperemia, and depth of inflam-
mation (DOI). Three blinded expert endosonographers as-
sessed EUS videos of 58 patients with UC in triplicate. Intra-
and inter-rater reliability of the hyperemia and DOI compo-
nent scores were estimated using intra-class correlation
coefficients (ICCs). Total wall thickness reliability estimates
could not be assessed in this study. The ICCs were compar-
ed to the original indices from which they were derived.
Results For hyperemia, the inter-class ICC was “moderate”
at 0.556 (95% Cl1=0.434-0.651) and the intra class ICC was
“almost perfect” at 0.884 (95% CI=0.835-0.920). The
newly defined hyperemia score performed better than the
original index from which is was derived. The DOI inter-
class ICC was “fair” at 0.335 (95% CI=0.201-0.464), and
the intra-class ICC was “substantial” at 0.732 (95% Cl=
0.642-0.802). The DOI reliability estimates were similar to
the original index from which it was derived.

Conclusions The hyperemia component of the EUS-UC
score performed significantly better than the original index
from which it was derived, but the reliability of the DOI
component was suboptimal. Intra-class correlation was ex-
cellent for both components. The EUS-UC score is a promis-
ing instrument for assessment of UC and further validation
is required.

Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel disease
(IBD) of unknown etiology characterized by diarrhea, rectal
bleeding, and impaired quality of life. Goals of therapy for UC
have evolved from control of bleeding and diarrhea to improve-
ment in more objective measures of inflammation [1]. Endo-
scopic mucosal healing is associated with favorable outcomes
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including reduced risk of relapse, need for steroids, hospitaliza-
tion, and colectomy [2-5]. Although biomarkers such as fecal
calprotectin (FCP) and serum C-reactive protein (CRP) are wide-
ly used as noninvasive markers of disease activity, endoscopy
remains the gold standard for evaluation of inflammation [6-
11]. Furthermore, there is increasing interest in resolution of
histologic inflammation as a treatment target, which may be
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associated with improved outcomes compared to patients with
endoscopic mucosal healing alone [12-17].

Although UC is generally considered to be a superficial pro-
cess restricted to the mucosa, in more severe cases, inflamma-
tion extends to deeper layers of the bowel wall with associated
submucosal fibrosis that cannot be evaluated by endoscopy or
endoscopically procured biopsies. In contrast, endoscopic ul-
trasound (EUS) can examine all the layers of the bowel wall. Ac-
cordingly, EUS is a highly accurate diagnostic and prognostic
modality for assessment of diseases of the rectum. Experience
with EUS in UC is limited and its potential role as a prognostic
tool in UC remains undefined. Interpretation of existing studies
is limited because of weaknesses in methodology including lack
of blinding, small sample sizes, variations regarding which EUS
findings were compared, and differences in the definitions of
what constituted normal and abnormal [18-24]. Nevertheless,
several studies have demonstrated that patients with active UC
may have increased wall thickness, inflammatory changes
through the deeper layers of the bowel wall, and/or increased
vascularity. In patients with quiescent disease, “deep” disease
activity, as specified by increased thickness of the first three
layers of the bowel wall, may have prognostic value [18]. Final-
ly, EUS may help evaluate and predict response to therapy [23].

Before its potential can be realized, the operating properties
of EUS in UC must be rigorously evaluated. We have previously
assessed the intra and inter-rater reliability of EUS indices that
included bowel wall thickness, the Tsuga score, and the hyper-
emia score [25]. The major finding was that although the intra-
rater reliability was excellent, the inter-rater was only fair. As a
result, a modified Research and Development (RAND) process
was completed and the EUS Ulcerative Colitis (EUS-UC) score
was developed. The EUS-UC score has the potential to have bet-
ter inter-rater reliability, as the components of the score are
simple, more objective, and possibly reproducible.

This study was conducted to assess the reliability of the no-
vel the properties of the EUS-UC score in patients with ulcera-
tive colitis and compare this to existing indices.

» Table1 Endoscopic Ultrasound Ulcerative Colitis (EUS-UC) Score [25].

Component score

Component 0 1

Total wall thickening Normal Mild
(£3.0mm) (3.1-4.0mm)

Depth of inflammation Superficial Subepithelial

(No disruption of
the 5-layer echo

pattern) but not beyond)

Normal Mild
(Absence of intra-
mural vascular sig-

nal)

Hyperemia

Total score (sum of three items)
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(Disruption of the first 3
layers to the submucosa

(Intermittent signal)

Patients and methods

This is a retrospective evaluation of a cohort of 58 patients with
UC from London Health Sciences Centre and St. Joseph’s
Healthcare London, tertiary care centers affiliated with Wes-
tern University (Canada), who were previously enrolled in a re-
liability study of EUS indices [25]. The archived EUS videos were
re-read for the present reliability study. Three expert, central
endosonographers not involved in the reading of the videos
from the original study (BY, MS, PB) reviewed and evaluated (n
=58) videos from these patients. Each video was rated in tripli-
cate, 2 weeks apart, by each central reader in order to estimate
intra- and inter-rater reliability. Identical to the original study,
the central readers were given seven training videos prior to as-
sessing the study videos to demonstrate abnormal findings on
EUS. Central readers were blinded to the clinical history, endo-
scopic scores, and histologic findings from the patients. The
EUS-UC score is composed of bowel wall thickness, depth of in-
flammation, and hyperemia, ranging from a score of 0 to 9
points (»Table1).

Statistical analysis

The primary objective of this study was to evaluate the inter-
and intra-rater reliability of the EUS-UC score component items
of depth of inflammation and hyperemia. The inter-rater relia-
bility of bowel wall thickness could not be assessed in this study
because it must be measured in real time. Reliability is a meas-
ure of agreement between measurements. The inter-rater re-
liability measures the agreement between different raters
about measurements on the same subject, whereas intra-rater
reliability measures agreement between measurements made
by the same rater. This study design used three blinded review-
ers measuring each subject three times, with each repeated
measure spaced 2 weeks apart. The original sample size was
conservatively determined using the one-way random effects
model as described by Zou [26]. Assuming a true ICC of 0.75,
evaluation of 58 videos by three central readers would yield an
83 % chance of obtaining the one-sided 95 % confidence interval

2 3
Moderate Severe

(4.1 -6.0mm) (6.1 mm)
Deep Transmural

(Disruption beyond the
submucosa to the mus-
cularis propria)

(Disruption beyond the muscu-
laris propria to the serosa or be-
yond)

Severe

(Presence of intramural anechoic
vessel seen without power Dop-
pler, with immediate continuous
signal on power Doppler)

Moderate
(Continuous signal)

0to9
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lower bound to be >0.60, which is the upper limit of the Landis
and Koch benchmark for “moderate” reliability (0.41-0.60).

To assess the reliability of EUS across a range of disease ac-
tivity, the original sample size was divided into 20 patients
with quiescent UC, 20 patients with mild UC, and 20 patients
with moderate to severe UC based on the Mayo endoscopic
score. In this retrospective analysis, the same videos were as-
sessed from the original cohort of 58 patients. Two patients
were excluded as they did not have a true diagnosis of ulcera-
tive colitis.

The reliability of EUSIS components were estimated using
the intra-class correlation statistic (ICC), which is equivalent to
the weighted Kappa statistic for ordinal data with quadratic
weights, and used to quantify inter-rater and intra-rater relia-
bility [27]. The ICC point estimates were obtained using a two-
way random-effects analysis of variance model, allowing for an
interaction effect between subjects and readers, and where
subjects and readers were both treated as random effects
[28]. The associated 95% confidence intervals were obtained
using a non-parametric percentile bootstrap method with
2000 replicates, in which the data were resampled on the level
of the subject to respect the structure of the data. This ap-
proach is commonly called the cluster bootstrap method [29].
The magnitude of reliability estimates was interpreted accord-
ing to the well-known benchmarks of Landis and Koch, where
ICCs of <0.00, 0.00 to 0.20, 0.21 to 0.40, 0.41 to 0.60, 0.61 to
0.80, and 0.81 to 1.00 indicate “poor,” “slight,” “fair,” “moder-

ate,” “substantial,” and “almost perfect” reliability, respectively
[30].
Results

Demographics of the patient population have previously been
described. [25] A summary is shown in » Table 2.

The ICC estimates of reliability are shown in »Table3. The
hyperemia component showed moderate inter-rater reliability
(ICC=0.556) and almost perfect intra-rater reliability (ICC=
0.884). The depth of inflammation component showed fair in-
ter-rater reliability (ICC=0.335) and substantial intra-rater re-
liability (ICC=0.732). In comparison, the original EUS indices
of inflammation ICC sores described by Yan et al are shown in
» Table 3.

» Table3 Reliability of the EUS-UC score and component items.

Inter-rater ICC (95 % Cl)

EUS-UC components

= Hyperemia

= Depth of inflammation
Original EUS indices variables [25]
= Original hyperemia score 0.34(0.25,0.42)
= Tsugascore 0.36(0.24, 0.46)

EUS-UC, Endoscopic Ultrasound Ulcerative Colitis.
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0.556(0.434, 0.651)

0.335(0.201,0.464)

> Table2 Patient demographics.

Demographics (n=58)
Mean age, years (range) 43 (19-84)
Sex (M:F) 30:28
Mean disease duration (range) 8.9y (6 months-44y)

Disease location

= Pancolitis 31(53%)
= Left-sided colitis 20 (34 %)
= Proctitis 7(12%)
Endoscopic disease activity

= Remission (MES 0) 16 (28%)
= Mild (MES 1) 22(38%)
= Moderate/severe (MES 2-3) 20 (34 %)

Modified from Yan et al. [25]
MES, Mayo Endoscopic Score.

» Fig. 1 shows examples of EUS changes in those with UC in
remission (» Fig. 1a), mild (» Fig. 1b), moderate/severe disease
(»Fig. 1c) based on Mayo endoscopic score. An example of di-
lated intramucosal vessels (hyperemia score 3) is shown in
» Fig.1d. Examples of EUS imaging in ulcerative colitis are
shown in »Video 1 and »Video 2 to contrast differences in
the components of the EUS-UC score. In »Video 1, there was
transmural involvement with a depth of inflammation score of
3.There was only limited intermittent vascular signal for a hy-
peremia score of 1. In contrast, » Video 2 demonstrates rela-
tively well-preserved echo-layering with a depth of inflamma-
tion score of 1, but an obvious immediate intramural vascular
signal with very small but visible vessels within the submucosal
layer to give a hyperemia score of 3. » Video 2 also shows sig-
nificant peri-rectal vascular signals, but extramural vascularity
is not a component of the EUS-UC score.

Intra-rater ICC (95 % Cl)

0.884 (0.835, 0.920)

0.732(0.642,0.802)

0.76(0.71, 0.80)

0.85(0.79, 0.89)
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3.5mm @Dist:  2.9mm

» Fig.1 a EUS-UC of patient in remission. Mayo Endoscopic Score 0.EUS-UC components: total wall thickness score 0, depth score 1, vascu-
larity score (not shown): 1, total EUS-UC score 2. b EUS-UC of patient with mild disease. ¢ EUS-UC of moderately active Ulcerative colitis.
d EUS-UC showing large intramural vessels.

O VIDEO D VIDEO

> Video 1 Patient with a Mayo Endoscopic score of 1. The video » Video 2 This patient had a Mayo Endoscopic Score of 2. The 5

demonstrates transmural inflammation for a Depth of Inflamma- layer echopattern is relatively well preserved with a Depth of

tion Score of 3. Vascular signal is intermittent for a Hyperemia Inflammation Score of 1, but a strong vascular signal is present

Score of 1. within visible dilated intramural vessels for a Hyperemia Score
of 3.
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Need for escalation of therapy

90
80
n 70
c
2 60
‘g 50 —— EUS-UC0-3
s — EUS-UC4-9
= 40
cC
g 30
€ 20
10
0
3 6 9 12 18 24
Time (months) from EUS
N, EUS-UC 0-3 20 20 19 19 18 18
N, EUS-UC 4-9 36 35 35 35 35 35

» Fig.2 Escalation of therapy, as defined as need for steroids,
change of class of medication, optimization of biologic dosing,
or colectomy. Seventy-seven percent of those having EUS-UC
scores =>4 required an escalation of therapy within 2 years, as
compared to 33 % of those having EUS-UC scores <3.

Patient outcomes

A retrospective assessment of patient follow-up suggests a sub-
stantial difference in the need of escalation of therapy, as de-
fined as flares requiring steroids, change of medication class,
escalation of biologic dosing, or colectomy (»Fig.2). In those
with EUS-UC scores 24, 50% required escalation within 3
months of the procedure and 77 % required escalation by 2
years. In contrast, in those with EUS-UC score of <3, only 10%
required escalation at 3 months, and 33% by 2 years. Five pa-
tients required colectomy in the 2-year follow-up.Two had re-
sections within 6 months, with EUS-UC scores of 4 and 6. Three
had resections after 1 year, with EUS-UC scores of 2, 3, and 5.

Discussion

We found that the revised definitions of hyperemia in the EUS-
UC score resulted in substantial improvements in the inter- and
intra-rater reliability compared to the original indices from
which it is was derived. However, the assessment of depth of in-
flammation was unchanged compared to the original Tsuga
score, which was the scoring system we initially used to identify
layer of bowel wall involvement [22]. Similar to the original
study, the intra-rater reliability for depth of inflammation and
hyperemia is “substantial” to “almost perfect” respectively.
The hyperemia score performed substantially better (inter-
rater ICC of 0.56) with our new definitions compared to the ori-
ginal vague descriptions of “no vascular signal”, “slight,” “mod-
erate,” and “marked” vascularity described by Yan et al. [25] An
ICC of 0.56, however, still only falls into a “moderate” reliability
category, indicating the potential for improvement. This could
be achieved by using sonographic contrast agents and assess-
ment of time intensity curves [31]. This would, however, in-
crease the complexity of the assessment, procedure time,
cost, and risk. It is unknown if the enhanced detail in vascularity
assessment provided by contrast would yield any clinical bene-
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fit beyond the simple use of power Doppler. The hyperemia de-
finitions used in this study, without the use of contrast agents,
is more widely applicable to the general endosonographer with
any standard ultrasound processor thus increasing uptake and
acceptability.

The original study assessed reliability of the Tsuga score,
which includes the presence of wall thickening and characteri-
zes inflammatory changes between layers of the bowel wall
[22,25]. The inter-rater ICC was only “fair” at 0.36. Central
readers felt this component of subtle abnormalities between
the submucosa and muscularis propria to be subjective, prone
to imaging errors, and very difficult to accurately assess. De-
spite our efforts to simplify the definition of depth of inflamma-
tion to any disruption of a given layer, central readers were still
somewhat uncertain of the accuracy of the statement and scor-
ing. Imaging artifacts, tangential imaging, rectal motility, use
of balloon vs water for distension, and degree of rectal disten-
sion all can affect the endosonographers interpretation of dis-
ruption between layers. This uncertainty was again demon-
strated in this study with a suboptimal inter-rater ICC of 0.335,
which is unfortunately no better than the previous ICC for the
Tsuga score.

For the purpose of index development, this poses an issue
given the variability between observers. However, similar to
the Physician Global Assessment in the full Mayo score, the
component provides the practitioner some freedom to globally
assess abnormal subepithelial inflammatory changes which
may still have prognostic value. Prior studies have demonstrat-
ed that deeper inflammation suggests more severe disease and
potentially predicts the need for colectomy [22,24]. Further-
more, this component may be predictive of response to ther-
apy. Potentially, one may be able to choose a specific therapy
based on the predominant “phenotype” of inflammatory
change (local wall changes vs increased vascularity). Purely as-
sessing wall thickness as a surrogate for degree of layer involve-
ment would be more objective, but may be erroneous given
that longstanding disease with submucosal fibrosis can in-
crease wall thickness without having active inflammation. This
has not been studied in a prospective manner to determine if
wall thickness is responsive to therapy. For these reasons, we
feel that depth of inflammation should still be included in the
development of the index in future studies.

Differences in interpretation of the videos for depth of in-
flammation is potentially related to lack of formalized training
about what constitutes abnormal. Although endosonographers
are trained to assess depth of cancer invasion through the lay-
ers of the bowel wall (T staging), they are not trained to assess
subtle hypoechogenicity or irregular borders from inflamma-
tion. The readers in both this study and the original study were
provided only seven training videos with no instruction accom-
panying them on what specific abnormalities should be recog-
nized or where specifically on the video to direct their eyes. It
was assumed the reader would recognize where the abnormal-
ities were, but this may not have been the case. A more rigorous
central reader training program to standardize what observers
see as abnormal may improve the inter-rater reliability of both
components. This training program has been developed by our
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group for use in future studies to validate the responsiveness of
the EUS-UC score. EUS assessment of luminal inflammation is
not a standard component of EUS training, nor is it used in rou-
tine in clinical practice. Practicing endosonographers need to
learn how to assess sometimes subtle inflammatory features
of the bowel wall.

Other potential limitations may be the quality and length of
the video. The recorded videos are not as sharp as the real-time
imaging. The reduction in quality of video, inability to zoom in
on specific regions or lack of ability to optimize the video to the
reader’s eye may impact the expert endosonographer’s inter-
pretation. The entire EUS exam was provided to the readers,
some of which were >15 minutes long. In this study, readers
provided a single score for each component, summarizing the
entire video based on what they thought was the worst dis-
eased portion seen sonographically. Readers were not told
which portions of the videos depicted the most severe disease.
Therefore, different readers may have provided scores for dif-
ferent time periods of a given video, which may result in discor-
dant observations. Shorter, focused videos of the most involved
region of inflammation and directing the readers to interpret
the same video segments may result in more reliable inter-rater
interpretation.

In the EUS-UC score, wall thickness was separated out as an
independent component from depth of inflammation and giv-
en equal weight to the other two components. Wall thickness
is the most objective variable of the three components but can
still vary between practitioners depending on degree of disten-
sion, peristalsis, where measurements are taken, and errors in
tangential imaging. We previously attempted to minimize
these errors by using an average of four separate measure-
ments within the area of greatest inflammation during a period
of no rectal contractions. In this study, because wall thickness
was only measured by one practitioner during the original pro-
cedures it was not included in the calculation of an overall EUS-
UC inter/intra-rater reliability score. To truly assess inter-ob-
server variability for wall thickness, a given patient would re-
quire multiple assessments on the same day by different practi-
tioners, which is unfeasible. However, a standard procedural
protocol would help minimize errors between observers. Future
prospective studies validating EUS-UC Score by our group will
incorporate a standardized rectal EUS technique.

Although the study was not designed to assess patient out-
comes, a post hoc assessment indicated that EUS-UC scores
may be associated with the need for escalation of therapy.
Nearly 80 % of patients with a total EUS-UC score 24 required
some form of escalation within the ensuing 2 years. However,
this observation should be considered exploratory since patient
management was not controlled and based on the clinical as-
sessment of the primary gastroenterologist, patients had dif-
ferent baseline medications and disease states, and manage-
ment strategies including treatment targets evolved over the
period of assessment. Nevertheless, the data are encouraging
that the EUS-UC score may be further evaluated as a prognostic
tool and to assess response to therapy.

The strengths of study include the use of experienced endo-
sonographers for central reading who were blinded to the clin-
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ical and endoscopic presentation of patients and therefore
were completely objective in their scoring. All the endosono-
graphers were trained in formal EUS fellowships and in practice
for >5 years. Providing full videos is superior than simple still
images; however, as previously stated, long videos can present
some inter-rater interpretation variability. A wide range of dis-
ease activity was included allowing the ability to assess the re-
liability of EUS-UC component scores across all grades of sever-
ity of UC inflammation. A limitation of the study is that inter-
rater bowel wall thickening assessment could not be measured
resulting in an inability to provide an ICC for the entire EUS-UC
score. Finally, another limitation is that we used previously re-
corded videos from which the score was derived rather than a
new set of patients and videos. Therefore, there may be bias to-
wards more favorable results.

Conclusions

In summary, the EUS-UC component scores show improvement
in assessment of vascularity, but not in depth of inflammation,
as compared to the original EUS indices from which they were
derived. A more rigorous reader training program may help im-
prove the inter-rater reliability scores prior to future validation
studies using a new set of patients.
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