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Abstract

Background: Intestinal ultrasound [IUS] is a promising and non-invasive cross-sectional imaging
modality in the diagnosis and monitoring of ulcerative colitis [UC]. Unlike endoscopy, where
standardized scoring for evaluation of disease activity is widely used, scoring for UC with IUS is
currently unavailable. Therefore, we conducted a study to assess the reliability of IUS in UC among
expert sonographists in order to identify robust parameters.

Methods: Thirty patients with both clinically active [25] and quiescent [five] UC were included.
Six expert sonographers first agreed upon key IUS parameters and grading, including bowel
wall thickness [BWT], colour Doppler signal [CDS], inflammatory fat [i-fat], loss of bowel wall
stratification [BWS], loss of haustrations and presence of lymph nodes. Thirty video-recorded
cases were blindly reviewed.

Results: Inter-observer agreement was almost perfect for BWT (intra-class correlation coefficient
[ICC]: 0.96) and substantial for CDS [k = 0.63]. Agreement was moderate for presence of lymph
nodes [k =0.41] and fair for presence of i-fat [k = 0.36], BWS [k =0.24] and loss of haustrations
[k =0.26]. Furthermore, there was substantial agreement for presence of disease activity on IUS
[k =0.77] and almost perfect agreement for disease severity [ICC: 0.93]. Most individual parameters
showed a strong association with IUS disease activity as measured by the six readers.
Conclusion: IUS is a reliable imaging modality to assess disease activity and severity in UC.
Important individual parameters such as BWT and CDS are reliable and could be incorporated
in a future UC scoring index. Standardized acquisition and assessment of UC utilizing IUS with
established reliability is important to expand the use of IUS globally.
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1. Introduction Close monitoring of disease activity is one of the key strategies in

Ulcerative colitis [UC] is a chronic inflammatory bowel disease
[IBD] affecting the mucosal and potentially submucosal layers of the
colonic bowel wall, characterized by a relapse-remitting pattern.!
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the treatment of UC to prevent relapse and disease progression.
However, patient-reported symptoms do not always reflect true
inflammation.? Therefore, biochemical parameters, endoscopic
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assessment of disease activity and cross-sectional imaging techniques
contribute to the close monitoring and treatment decision process
in UC."? To facilitate frequent monitoring, the involved modal-
ities ideally would be non-invasive, accurate, reliable and feasible.
Intestinal ultrasound [IUS], which requires no preparation, exhibits
these qualities and is therefore an appealing modality. In addition,
IUS can directly visualize the bowel in a point-of-care setting, al-
lows close follow-up and detects treatment response within the first
2-6 weeks.* Furthermore, it correlates well with both endoscopic
outcomes and other cross-sectional imaging techniques, indicating
the high accuracy of IUS.” Although interest in implementing TUS
is increasing, actual use is currently limited.®* A recent study found
the assumed poor reliability and operator dependence as a predom-
inant limiting factor.® However, data on the reliability of IUS and
individual parameters are scarce.

Reliability depends on the variance between measurements of
observers and is generally improved by clear definitions and a stand-
ardized way of scoring.!” For both UC and Crohn’s disease [CD],
multiple endoscopic scoring indices have been created and validated
with moderate to good inter-observer agreement.!*> For IUS mul-
tiple scoring indices are under development in CD and UC but none
has been externally validated.”'*'* However, there is a pressing need
for a scoring index because TUS is increasingly practised and could
potentially be incorporated as an endpoint in clinical trials.”

In order to incorporate individual parameters in a future scoring
index, the inter-observer agreement should be determined for all rele-
vant parameters. The most important parameter assessed by IUS is
bowel wall thickness [BWT].” Combined with colour Doppler signal
[CDS], the presence of inflammatory fat [i-fat], lymphadenopathy,
loss of bowel wall stratification [BWS] and loss of haustration, dis-
ease activity and severity can be determined.!'*"'® A recent study in CD
found moderate to substantial agreement among six expert raters for
most of the aforementioned IUS parameters in CD.' Another study
found good agreement between two raters to detect disease activity
in UC patients.” However, further data on inter-observer agreement
for IUS, especially in UC, are lacking.

Hence, the aim of this study was to determine inter-observer
agreement for IUS parameters and overall disease activity in UC,
thereby providing robust indicators to incorporate in a future
scoring index.

2. Methods

2.1. Patient selection

In this prospective, observational study, 30 patients with a con-
firmed diagnosis of UC were recruited in three dedicated IBD centres
[Germany, The Netherlands and Denmark]. All TUS examinations
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were performed as part of routine care and were collected and an-
onymized with patient approval. This study was assessed and ap-
proved by the medical ethics committee at the Amsterdam Medical
Center. Twenty-five patients with clinical active disease (defined as
a simple clinical colitis activity index [SCCAI] > 5) and five patients
with clinical quiescent disease were included. Patients with clinical
active disease were only included if disease was not limited to the
rectum in their medical history.

2.2. Ultrasonographic examinations

IUS acquisition was performed using a standardized protocol
with different high-end ultrasound machines [Philips EPIQ 5G,
General Electric Logic S8, Hitachi EUB-8500 and General Electric
Logic E9] using an abdominal convex [1-8/1-6 MHz] and linear
[3-18/2.5-8 MHz] probe. There was no specific preparation nor was
fasting required. The patient was in the supine position and the com-
plete colon was visualized starting with the sigmoid colon [SC] that
was identified as the colonic segment overlying the left iliac vessels
and iliopsoas muscle. A cine-loop of the SC was recorded in a lon-
gitudinal and cross-sectional scan plane for both B-mode and CDS
covering both the intestine and the mesentery. Cine-loops of the SC
were used for analysis as the SC is generally always involved in UC
extending beyond proctitis, and location is very easy to reproduce
owing to clear landmarks and is predominantly the worst segment
in the absence of local treatment.” Subsequently, cine-loops were up-
loaded in DICOM format to an in-house build central reading plat-
form and scored using DICOM-viewer software [RadiAnt DICOM
Viewer, Medixant, or Horos]. Measurements were submitted to an
electronic case reporting form.

2.3. Ultrasonographic parameters

In an online meeting before case-rating, consensus was reached on
the cut-off values for all IUS parameters. BWT was measured from
the lumen—-mucosa interface up to the muscularis propria-serosa
interface. Intestinal folds were avoided within the measurements.
Measurement of BWT was defined as the mean of four measure-
ments [to the nearest 0.1 mm] at the thickest part of the SC: two
measurements in a longitudinal scan plane with at least 1 cm between
the two measurements and two measurements in a cross-sectional
scan plane with a minimum of 90° between the two measurements
[Figure 1].

CDS was optimized for slow flow with a maximum velocity scale
of 5-7 ¢cm/s and was initially scaled up to its maximum and sub-
sequently downscaled until noise fades away. Hypervascularization
was graded as a modified Limberg score,? in four categories: [0] ab-
sent, [1] small spots [single vessels] within the wall, [2] long stretches
within the wall, and [3] long stretches within the wall extending into
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Figure 1. The black arrow indicates the first correct measurement, grey arrow indicates incorrect second measurement, and black arrow indicates correct second

measurement.
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the mesentery. BWS was graded as preserved, uncertain, focal loss
[< 3 cm in length] or extensive loss of stratification. Haustrations
and i-fat were graded as present, uncertain or absent. Lymph nodes
were graded as absent or present and subsequently categorized as
< 5.0 mm, between 5.0 and 9.9 mm or > 10.0 mm as measured in the
shortest axis [Table 1; Supplementary Figures 1-8 and Videos 1-4].

ABWT > 3.0 mm, CDS > category 2, loss of BWS [both focal and
extensive], loss of haustrations and presence of i-fat were all agreed
to indicate disease activity [Table 1].

Furthermore, TUS disease activity and severity was scored by the
six raters. IUS disease activity was scored as present when at least a
BWT > 3 mm was measured together with another parameter being
pathologic. Disease severity was scored using an 11-point Likert
scale where 0 reflects normal bowel and 10 reflects most severe dis-
ease ever seen.

2.4. Ultrasonographic rating

Six raters from Canada, Denmark, Germany, Italy and The
Netherlands centrally read all cine-loops of 30 patients blinded to
clinical and endoscopic disease activity and the other raters’ evalu-
ation. There was > 16 weeks between the collection of the cine-loops
and central reading of cine-loops for all patients to ensure a sufficient
wash-out period for the investigator who recorded the cineloops. All
raters were sub-specialized in IBD, except for one GI-Fellow in final
year [R.W.]. All investigators had at least 3 years of experience in
IUS [C.M. and M.A. 15 years, R.W. 8 years, K.N. 7 years, C.L. and
K.G. 3 years]. To assess difference in BWT inter-observer reliability
for years of experience, we created three groups: group 1: 3 years of
experience, group 2: 7-8 years of experience and group 3: 15 years
of experience].

2.5. Statistics

Inter-observer reliability was analysed per parameter for the SC
[SPSS Statistics, Version 25.0, 2017, IBM Corp. and Stata/SE 16.1,
Stata Corp LP]. For all continuous parameters, the mean-rating
[k = 6], absolute agreement of a two-way mixed effects intra-class
correlation coefficient [ICC] was used.?! For all categorical data,
weighted Fleiss” kappa for multiple raters was computed. Both ICC
and kappa statistics are interpreted as previously established.?? For
association with TUS disease severity, the mean value of the six raters
was used for each TUS parameter, to compute Spearman’s rank cor-
relation coefficient. A P value < 0.05 was considered significant.
The difference in BWT and ICC between groups was assessed using
Kruskall-Wallis one-way ANOVA and a Mann—Whitney U test.

Table 1. Overview of IUS parameters, techniques and cut-off values

3. Results

From the 25 patients with active disease, nine had an acute severe UC
and were admitted to the hospital for intravenous treatment, and three
received a colectomy within a month after baseline TUS [Table 2].

3.1. Inter-observer reliability per IUS parameter

There was almost perfect reliability for BWT (ICC: 0.96, 95% con-
fidence interval [CI]: 0.92-0.98] and BWT and ICC did not differ
significantly according to years of experience [Figures 2 and 3].
CDS [all categories] showed substantial agreement [k = 0.63, 95%
CI: 0.49-0.77]. When CDS was divided into two broad categories
[not present or present], there was an almost perfect agreement
[k =0.83, 95% CI: 074-0.92]. Fair agreement was found for the
presence of i-fat [k =0.36, 95% CI: 0.17-0.55]. Fair agreement
was found for the presence of lymph nodes [k =0.36, 95% CI:
0.20-0.51] for the initial four categories and improved to a mod-
erate agreement when dichotomizing this parameter to present or
not present [k = 0.41, 95% CI: 0.29-0.53]. There were no lymph
nodes > 10 mm detected in this cohort. BWS [k =0.25, 95% CI
0.06-0.44] and loss of haustration [k =0.24, 95% CI: 0.13-0.35]

showed a fair agreement.

3.2. Inter-observer reliability on overall IUS disease
activity

There was substantial agreement for IUS-defined disease activity
[Yes/No] among the six raters [k = 0.77, 95% CI: 0.65-0.88]. For
IUS disease severity [graded from 0 to 10] the agreement was almost
perfect [ICC: 0.93, 95% CI: 0.87-0.96].

Mean BWT was significantly higher in the 25 patients with
clinical active disease than in the group with clinically quiescent
disease [4.6 £1.0 vs 2.1 0.6 mm, P <0.0001]. Furthermore,
mean BWT showed a strong association with the mean IUS dis-
ease severity as scored by the six raters [p=0.75, P <0.0001]
[Supplementary Figure 9]. For the other parameters, the correl-
ation with IUS disease severity is shown in Supplementary Figure 9.
Acute severe UC patients examined at admission were not rated
worse than patients with active disease [5.8 £ 1.9 vs 5.3 = 1.8
points, p = 0.47]. However, among the clinical active cases, those
who underwent colectomy [7 = 3] during admission had a trend
towards increased IUS severity than those who did not receive a
colectomy [7.3 £1.2 vs 5.2 = 1.8 points, p = 0.06]. Mean BWT
was not significantly increased in patients undergoing a colectomy
[5.3 % 1.1 vs 4.5 = 1.0 mm, p = 0.31].

IUS parameter Technique/categories Pathologic

BWT [2 x longitudinal plane + 2 x cross-sectional plane]/4 BWT > 3.0 mm

CDS 0: absent; 1: small spots [single vessels| within the wall; 2: long stretches within the wall; 3: long stretches Grade 2 or 3
extending into the mesentery

BWS 0: preserved; 1: uncertain [in doubt of disturbance of wall layers]; 2: focal loss [< 3 cm in length within the Grade 2 or 3
SCJ; 3: extensive loss [> 3 cm in length within the SC]

Loss of haustration 0: preserved; 1: uncertain [in doubt of complete loss of haustrations]; 2: loss Grade 2

i-fat 0: absent; 1: uncertain [in doubt of hyperechogenicity around the segment]; 2: present Grade 2

Lymph nodes 0: absent; 1: present and < 5 mm in shortest axis; 2: present and 5-9.9 mm in shortest axis; 3: present and Undetermined

> 10 mm in the shortest axis

TUS: intestinal ultrasound, BWT: bowel wall thickness, CDS: colour Doppler signal, BWS: bowel wall stratification, SC: sigmoid colon, i-fat: inflammatory fat.
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4. Discussion

In our study, there was almost perfect agreement among expert
raters for BWT, indicating high reliability for this important param-
eter. These findings are in line with a previous study in CD patients.?
However, a more recent study in CD patients found a moderate inter-
observer agreement for BWT." This difference in agreement could be
affected by the technique of measuring and statistical analysis. In
our study and the study by Fraquelli e al., a mean of multiple meas-
urements was calculated with a continuous outcome. Conversely in
the study by Calabrese et al., only one measurement was taken and
reported as a dichotomous outcome [3-7 vs > 7 mm]. This might
suggest that reliability improves when BWT is calculated by multiple
measurements and reported as a continuous outcome.

In addition, we have shown equal intra-class correlation coef-
ficients for 3, 7-8 and 15 years of experience. These results indi-
cate that less experienced ultrasonographers perform equal BWT
measurements as the more experienced ultrasonographers and that
the most significant learning curve probably takes place in the first
3 years. Future studies should address this topic and investigate
inter-observer agreement in ultrasonographers with less than 3 years
of experience.

In the current study, hypervascularity shows substantial agree-
ment, indicating good reliability for the four categories. Previous
studies also incorporated hypervascularity to assess disease ac-
tivity.>®!3 A recent large study found hypervascularity improves even

Table 2. Baseline characteristics

Characteristics N =30
Age, years [mean = SD] 35.1+15.1
Gender [Male] 18 [60%]
Clinical disease activity [SCCAI]
® Remission S5 [17%]
o Active disease 25 [83%)]
e Acute severe UC 9 [36%]
Disease location [E2/E3] 22 [73%]/8 [27 %]

SD = standard deviation, SCCAI: Simple Clinical Colitis Activity Index,
UC = ulcerative colitis, E2 = left-sided colitis, E3 = pancolitis.

within 2 weeks after initiation of anti-inflammatory treatment and
to be a marker of early treatment response.* Therefore, CDS im-
provement could be a reliable and responsive parameter in UC.

In our study, we identified several reliable IUS parameters. In add-
ition, the overall agreement of presence and severity of disease on TUS
was substantial to almost perfect, indicating high reliability in UC
patients. Therefore, IUS is a promising and attractive cross-sectional
imaging modality to frequently assess inflammation in UC with the
ability to monitor treatment effect tightly. According to recent studies,
IUS is a reliable technique to assess inflammation in IBD patients.”**
A systematic review in UC showed high accuracy for IUS to detect dis-
ease presence and extent when compared to endoscopic outcomes and
other cross-sectional imaging techniques.” With regard to IUS disease
severity, previous studies showed substantial similarity with endo-
scopic severity.” A next step towards incorporation of IUS in standard
care is the development of a reliable and validated scoring index.'

In recently developed IUS disease activity scores for UC, BWT
and CDS were the predominant parameters.”'* Although BWT is a
reliable parameter, there is still debate on the most accurate cut-off
value for BWT to distinguish active from quiescent disease. A recent
systematic review concluded a BWT of 4.0 mm was most accurate’
while other studies found lower cut-off values.’'32526 Determination
of the most accurate cut-off value for BWT is of great importance
to detect true inflammation and true quiescent disease. As the debate
continues, BWT was interpreted as a continuous variable to prevent
the bias of a predefined cut-off value in our reliability analysis.

In addition, BWS, loss of haustration and i-fat were also incorp-
orated in previous scoring indices for UC."* Although these indi-
vidual parameters showed fair agreement in the current study, these
parameters should not be excluded from incorporation in a future
scoring index. Although less prominent than in CD, proliferation of
i-fat occurs in UC.2*% A recently developed IUS score in paediatric
IBD incorporated presence of mesenteric i-fat to indicate severity of
disease in both CD and UC.” Furthermore, proliferation of i-fat, loss
of BWS and haustration improves after initiation of anti-inflamma-
tory therapy in UC patients.*

The presence of mesenteric lymphadenopathy might also indi-
cate disease activity and showed moderate agreement. These findings
correspond with findings in previous reliability studies in CD."?

Boxplot for bowel wall thickness measurements per years of experience
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Figure 2. Bowel wall thickness [BWT] measurements per category years of experience [15 years of experience: mean BWT: 4.22 + 1.58 mm, 7-8 years of
experience: mean BWT: 4.47 + 1.59 mm, 3 years of experience: mean BWT: 3.82 + 1.26 mm].
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Boxplot for intra-class correlation coefficients per yerars of experience
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Figure 3. Intra-class correlation coefficients per category years of experience [15 years of experience: mean ICC: 0.84, 7-8 years of experience: mean ICC: 0.83,

3 years of experience: mean ICC: 0.84].

Furthermore, mesenteric lymphadenopathy correlates with endo-
scopic disease activity in UC’ and improves when patients show
clinical response on anti-inflammatory treatment, indicating a role
for mesenteric lymphadenopathy in the assessment of treatment re-
sponse in UC.* However, previous studies have not incorporated
this parameter in a scoring index and studies analysing the role of
presence of enlarged lymph nodes are scarce.”'3 Although mesenteric
lymphadenopathy might not be specific for the presence of UC, fu-
ture studies should take the presence of enlarged lymph nodes into
consideration as a potential marker to indicate disease activity and
monitor disease presence.

Analysing inter-observer agreement for cross-sectional imaging
techniques of the bowel has predominantly been studied for CD. For
computed tomography, substantial to good inter-observer agreement
was found for disease presence and individual parameters in CD.3%3!
For magnetic resonance enterography, fair to good agreement for
individual parameters and good inter-observer agreement for mul-
tiple scoring indices was found.®*?* Because we found substantial
to almost perfect inter-observer agreement to detect disease activity,
the reliability of TUS could be considered as at least as good as other
cross-sectional imaging techniques.

This study has some limitations. We did not assess the correlation
between IUS findings and endoscopic disease activity. However,
previous studies have shown good correlation between BWT and
endoscopic disease activity, and the primary aim of this study was
to assess the reliability of IUS parameters in UC.5353¢ We only as-
sessed the SC as this segment is most often and most severely in-
volved in UC extending from the rectum.” However, diagnostic odds
ratios for IUS differ among colonic segments and especially for the
rectum in IBD.?” Similarly, inter-observer agreement might also differ
among colonic segments; hence our results cannot immediately be
extrapolated to other colonic segments, especially for the rectum.
Visualization of the rectum is more difficult than other colonic seg-
ments due to its location deep in the pelvis. Consequently, analysis
of inter-observer agreement for disease activity in the rectum was
not feasible and transabdominal TUS is not the preferred technique
to assess proctitis.* However, transperineal IUS is an evolving area
and could potentially be successfully used to evaluate proctitis
and should be a focus of future studies.’® Inter-observer agreement

was studied among sonographers with at least 3 years of experi-
ence and may vary more among less experienced sonographers.
Although the six readers had different levels of expertise ranging
from 3 to 15 years, future studies should consider including novice
sonographers to determine the learning-curve. A general limitation
of ultrasound is the operator-dependence in which poor acquisition
of cine-loops negatively affects inter-observer agreement. To limit the
bias of poor acquisition, recording was standardized by visualizing
anatomical landmarks within the cine-loop.

In conclusion, IUS shows high reliability to determine disease
activity and severity. Standardized assessment and scoring are of
great importance to increase the use of IUS in UC and to reach high
reliability of this non-invasive cross-sectional imaging modality.
Future studies should focus on the development of an TUS scoring
index, with BWT and CDS being reliable individual parameters to
incorporate.
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