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Abstract

Background and Aims: Intestinal ultrasound [IUS] is an accurate, patient-centreed monitoring
tool that objectively evaluates Crohn’s disease [CD] activity. However no current, widely accepted,
reproducible activity index exists to facilitate consistent IUS identification of inflammatory activity.
The aim of this study is to identify key parameters of CD inflammation on IUS, evaluate their
reliability, and develop an IUS index reflecting segmental activity.

Methods: There were three phases: [1] expert consensus Delphi method to derive measures of IlUS
activity; [2] an initial, multi-expert case acquisition and expert interpretation of 20 blinded cases,
to measure inter-rater reliability for individual measures; [3] refinement of case acquisition and
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interpretation by 12 international experts, with 30 blinded case reads with reliability assessment
and development of a segmental activity score.

Results: Delphi consensus: 11 experts representing seven countries identified four key
parameters including: [1] bowel wall thickness [BWT]; [2] bowel wall stratification; [3]
hyperaemia of the wall [colour Doppler imaging]; and [4] inflammatory mesenteric fat. Blind
read: each variable exhibited moderate to substantial reliability. Optimal, standardised image
and cineloop acquisition were established. Second blind read and score development: intra-
class correlation coefficient [ICC] for BWT was almost perfect at 0.96 [0.94-0.98]. All four
parameters correlated with the global disease activity assessment and were included in the
final International Bowel Ultrasound Segmental Activity Score with almost perfect ICC (0.97
[0.95-0.99, p <0.001]).

Conclusions: Using expert consensus and standardised approaches, identification of key activity
measurements on IUS has been achieved and a segmental activity score has been proposed,

demonstrating excellent reliability.
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1. Background/rationale

The use of objective measures of disease activity for monitoring in-
flammatory bowel disease [IBD] to guide clinical management is now
standard of care, given the disconnect between patient symptoms and
disease progression.' Cross-sectional imaging is non-invasive, and thus
increasingly recognised as an important diagnostic and monitoring tool
in Crohn’s disease [CD].? Intestinal ultrasonography [IUS] is of par-
ticular interest, given easy repeatability, lack of required preparation,
and low cost.* In addition, patient preference is an important driver.*’
Recent ECCO-ESGAR guidelines highlight both magnetic resonance
enterography [MRE] and IUS as first-line modalities for small bowel
disease assessment in newly diagnosed CD patients, given their ac-
curacy and lack of ionising radiation exposure.™® Although MRE ex-
hibits similar accuracy to IUS in detection of small bowel disease, it may
underperform in colonic disease.*’ During routine, regular, intermittent
follow-up, MRE use is also limited by lengthy acquisition times and
somewhat poor patient acceptance, in addition to high costs.’® Thus,
unlike computed tomography [CT] or MRE, IUS can be easily per-
formed as a point of care scan [POCUS] by gastroenterologists to allow
timely provision of disease activity assessment to guide therapy and
clinical decisions."

Prospective multicentre clinical studies demonstrating utility
are paramount to increase acceptance of IUS as a monitoring tool
in the management of IBD. Inclusion of TUS depends on the use of
standardised, validated, reliable activity measures reflecting disease
activity, also demonstrating therapeutic response and healing. These
sonographic measures must be repeatable, consistent, and prospect-
ively defined. A recent meta-analysis evaluated published ultrasound
activity scores, concluding that most have significant limitations,
and none have been adequately validated.'? Furthermore, a rigorous
description of a standardised acquisition approach and a detailed
approach to measurement of key parameters are lacking. Adoption
of standardised activity scores, with prospective validation, is also
important for expanded use in clinical trials and wider clinical adop-
tion. This is an important gap in the extant literature.

Depiction of inflammation of the bowel on ultrasound is com-
plex and, like other modalities, interpretation requires training and
expertise. European guidelines [EFSUMB] exist, outlining features
of inflammation reflecting a range of potential IUS parameters
contributing to inflammatory activity on IUS in CD." This aligns

with similarly variable activity parameters included in published
studies.*!*'¢ However, to date there are few published data available
on expert consensus regarding the use of these parameters or on the
inter-rater reliability of these inflammatory activity parameters be-
tween readers of IUS.!7 Therefore, the aim of this study is to establish
the core parameters contributing to active intestinal inflammation
in CD detected with TUS through expert consensus, to evaluate the
inter-rater reliability of these measures through blinded expert reads,
and to propose a segmental activity score for luminal CD using reli-
able intestinal ultrasound parameters.

2. Study design

A phased study design was implemented for this publication. This
project reflects the contribution of multiple experts performing IUS
in nine different countries [Australia, Canada, Denmark, Germany,
Israel, Italy, The Netherlands, Norway, and Portugal]. All acquired
images were part of routine or planned scans not solely intended for
our study, and were de-identified and collected after receiving patient
consent. Given the lack of intervention/direct patient interaction for
this evaluation, no multicentre institutional ethics approval was
indicated.

2.1. Identification of key sonographic parameters
2.1.1. Phase I: modified Delphi consensus on sonographic
parameters of inflammation

Using a modified Delphi process, experts ranked parameters con-
sidered imperative for the depiction of disease activity. Three steps
were undertaken: first, a comprehensive list of contributing param-
eters for inflammatory activity, based on a previous review combined
with all expert’s experience and previous publications, was devel-
oped [AA, CM, DC, EC, FP, GM. KNo, KNy, RG, RW, TK]*; second,
a blinded rank order list was generated by the 11 experts after col-
lating results from an electronic survey using a five-point Likert
scale on the importance of each measure in assessing disease activity;
third, after blinded ranking, all parameters were discussed in plenum
with arguments for and against inclusion. A final vote [two options
for each parameter: include or exclude] enabled consensus regarding
the most important contributing inflammatory parameters required
on [US to measure CD activity.
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2.2. Inter-rater reliability

2.2.1. Phase II, first blinded de-identified case read

Twenty established CD de-identified cases were collated from expert
centres, including still images and videos including colour Doppler
imaging [CDI]. Nine readers [AA, CL, CM, DC, FP, GM, KNy, RW,
TK] participated in blinded review of cases in PC format embedded
into a PowerPoint presentation and rated for activity parameters ac-
cording to phase I, plus image quality and rater confidence [both
on a five-point Likert scale]. Physician global assessment of disease
activity and disease severity, based on the available images/videos,
were also rated (both on a visual analogue scale [VAS] from 0 to
100). Global disease activity was considered from 0 [normal disease]|
to 100 [most active disease ever seen], based upon the parameters
included in phase 1. All findings were independently entered into
a REDCap database. Inter-rater reliability was calculated for each
parameter. Case by case review of findings to identify variation based
on individual measures was undertaken to clarify disagreement.
Standardised still image and cineloop acquisition instructions were
collectively developed to improve consistency of case collection, in
addition to measurement of activity.

2.2.2. Phase III, final blinded, de-identified case read

Following the establishment of case acquisition and interpretation,
a final read of 30 new, consistently acquired [cineloop length, scan
plane, CDI box size and settings], de-identified CD cases covering
the full spectrum of luminal inflammation from normal to severe ac-
tivity, including all segments of the bowel, was undertaken. Twelve
IUS experts [BC, CP, CL, CM, FdV, FP, KNo, KNy, MA, RV, RW,
TK] from eight countries completed the read. Data were available
as DICOM cineloops for all central readers, allowing exact caliper
measurements as on the US machine itself. Again, all cases were in-
dependently [blinded] rated and entered into REDCap without add-
itional history regarding symptoms/additional imaging, endoscopy,
or other investigations. Individual activity parameters were reported
by all blinded readers, with the same grading as the previous read.
In addition, readers were again asked to score the global disease ac-
tivity on a VAS from 0-100.

2.3. Data collection and analysis

Initial phase 1 data were collected using Mentimeter® online blinded
voting. Phase II and III data were consistently collected within
REDCap® databases, accessible upon invitation to all experts elec-
tronically and password-protected. Missing data were identified, and
reminders sent to all contributors. Statistical analysis was performed
using Stata/SE 16.1 for Mac [Stata Corp LP, College Station, TX].
Continuous data (bowel wall thickness, global disease activity, and
International Bowel Ultrasound [IBUS] score) variability were com-
pared using intraclass correlation coefficient [[CC] based on a mean
rating [k = 12], absolute agreement, and a two-way mixed-effects
model. Categorical variables were compared using weighted Fleiss’
kappa and interpreted based on Landis & Koch benchmarks.!®"
For development of the new index, items with at least a moderate
level of reliability [mean of the two scoring rounds] were selected
as candidate items in developing a new index. Multiple regression
analysis was undertaken with these variables to create a segmental
activity score [SAS] based on the global disease activity assessment.
Regression coefficients were used to build the final IBUS segmental
activity from 0 [theoretical no disease] to 100 [theoretical worst
ever activity/disease] and omitting the B, constant/intercept and
capped at 100 for final index simplification. The IBUS-SAS score was

Table 1. Complete list of activity parameters derived from expert
consensus.

Bowel wall thickness [BWT] Mucosal ulcers

Colour Doppler imaging signal [CDS]
Inflammatory mesenteric fat [i-fat]
Bowel wall stratification [BWS]
Complications [stenoses, fistulae]

Length of disease

Disease location
Intraperitoneal free fluid
Serosal margin spiculation

Abnormal peristalsis Mesenteric lymph nodes

then calculated for each case, using individual raters’ item scores.
Reliability of the score expressed as ICC were finally computed.
A p-value of <0.05 was considered significant.

3. Results

3.1. Phase |, modified Delphi consensus

The experts identified an exhaustive list of 12 parameters contrib-
uting to inflammation [Table 1]. All parameters were ranked. After
the first round of voting and subsequent discussion, the parameters
were narrowed to include four key parameters: bowel wall thick-
ness [BWT], colour Doppler signal [CDS], inflammatory fat [i-fat],
and bowel wall stratification [BWS]. The strongest and most im-
portant parameter based on expert consensus and extant literature
is BWT, with a threshold of pathology established at >3.0 mm. The
same parameters for all segments of the colon and small bowel were
adopted. For assessing bowel wall vascularity, a modified Limberg
score was adopted [Table 2 and Supplementary data 1, available at
ECCO-JCC online].

3.2. Phase I, first blinded read

The first blind read of 20 cases was completed by nine IUS ex-
perts. Since data were presented in PowerPoint in PC format, BWT
could not be measured in a reliable way and was therefore not
performed. The inter-rater reliability for the other parameters was
moderate to substantial, 0.45-0.62 [Table 3]. Understanding the
identified variability contributed to discussion and then agree-
ment on image and cineloop acquisition, outlining a consistent
approach to measurement of all parameters including the neces-
sity of proper evaluation of bowel wall thickness [Figure 1 and
Table 2; and Supplementary data 2,] available at ECCO-JCC
online. Ultrasound machine settings were included, to ensure
consistency in IBUS CDS [modified Limberg] scoring and it was
determined that recordings should be available in DICOM format,
allowing reliable distance measuring.

3.3. Phase lll, second blinded read

There were 12 IUS experts [Supplementary data 3, available at
ECCO-JCC online] who completed the second blinded read of 30
established CD cases, using the new acquisition method for the third
and final phase of this project. Inter-rater reliability was almost per-
fect for BWT (95% confidence interval [CI]: ICC = 0.96 [0.94-0.98],
p <0.001) and there was moderate agreement for CDS x = 0.60
[0.48-0.72], p <0.001. Agreement for i-fat detection was also mod-
erate with k = 0.51 [0.34-0.67], p <0.001, and for BWS was fair with
k= 0.39 [0.24-0.53], p <0.001 [Table 3]. The ‘uncertain’ category
did not occur frequently, with 18% and 7% of cases scoring i-fat and
BWS, respectively. There was no significant change in the agreement
for any parameter between the first and second phase of this con-
sistency study [Table 3]. Confidence in interpreting IUS images was
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Table 2. Core activity parameters, Delphi grading consensus

Normal Uncertain Activity
BWT <3 mm NA >3 mm
i-fat 0 = Absent 1 = Uncertain 2 = Present
CDS 0 = Absent [none] 1 = Short signals 2 = Long signals inside bowel 3 = Long signals inside & outside bowel
BWS 0 = Normal 1 = Uncertain 2 =Focal [ 3 cm] 3 = Extensive [>3 cm]|

BWT, bowel wall thickness; i-fat, inflammatory fat; CDS, colour Doppler signal; BWS, bowel wall stratification; NA, not applicable.

Table 3. Expert-derived blinded voting results: inter-rater reliability
for IUS parameters during first and second round of voting.

Coefficient 1st Coefficient 2nd round ~ p-value

round
BWT NA 0.96 [0.94-0.98]* NA
CDS 0.62 [0.42-0.82] 0.60 [0.48-0.72] 0.776
i-fat 0.45 [0.27-0.64] 0.51 [0.34-0.67] 0.531
BWS 0.50[0.29-0.71] 0.39 [0.24-0.53] 0.120
Confidence  0.06 [0.0-0.16] 0.08 [0.0-0.17] 0.534
Quality 0.15 [0.05-0.25] 0.14 [0.04-0.23] 0.776
Activity 0.92 [0.82-0.98] 0.96 [0.94-0.98]* 0.005
Severity 0.97 [0.91-0.99] 0.93 [0.87-0.97]* 0.980

Parameters in bold are included in the final international bowel ultrasound
segmental activity score [IBUS-SAS]. All measures are weighted Fleiss’ kappa,
except demarked with * = intraclass correlation coefficient [ICC] based on
a mean-rating [k = 12], absolute agreement, two-way mixed-effects model.'®

BWT, bowel wall thickness; i-fat, inflammatory fat; CDS, colour Doppler
signal; BWS, bowel wall stratification; NA, not applicable.

lower for the second read versus first read on a five-point Likert scale
at 3.14 [2.99-3.28] and 3.48 [3.31-3.65], respectively [p <0.004].
The same was true for image quality assessment at 3.08 [2.90-3.28]
and 3.51 [3.31-3.72] respectively [p <0.004]. There was close correl-
ation between perceived case quality and confidence rating: r = 0.91
[p <0.0001, Figure 2]. Mean ratings of all 30 cases are shown in
Supplementary data 4, available at ECCO-JCC online.

3.4. International Bowel Ultrasound Segment

Activity Score [IBUS-SAS]

Based on mean ratings from all 12 expert raters, the correlation
coefficient between global disease activity defined on a VAS scale
and each of the four individual items; BWT, CDS, i-fat, and BWS
were computed as 0.73 [0.51-0.87], 0.85 [0.71-93], 0.93 [0.86—
97], and 0.87 [0.74-94], respectively [all were significant with a
p-value <0.0001, Figure 3]. Based on a multiple linear regression
model [Table 4], the following score was developed using ordinal
values from Table 2 and BWT in millimetres to reflect global dis-
ease activity:

IBUS — SAS (0-100) =4 - BWT + 15 - i-fat + 7 - CDS + 4 - BWS

When the IBUS-SAS was applied to each rating using original scores,
ICC for overall IBUS-SAS was almost perfect at 0.97 [0.95-0.99] [p
<0.001]. An example of score application is shown in Figure 4.

4. Discussion

This expert consensus on inflammatory activity parameters, com-
bined with a blinded agreement study, is the first centrally read

Yellow arrow represents first measurement. Green arrows are
allowed second measurement, red arrows are false second
measurements

Figure 1. Measurement of bowel wall thickness. Measures of the bowel
wall occur in two orientations: cross-section and longitudinal. The calipers
are placed perpendicular to the wall, with two individual measures taken in
each orientation, at least 1 cm apart in longitudinal and more than 90° in
cross section, in the segment of bowel most affected by disease. The caliper
placement occurs from the interface of the mucosa and muscularis mucosae,
to the serosa [interface between the serosa and muscularis proprial.
All four measures are averaged. Yellow double-headed arrow is the first
measurement. Green double-headed arrows are valid second measurements,
where red double-headed arrows are invalid caliper placements.

international collaboration of its kind known to date. Activity
parameters were selected by 11 experts, based on demonstration of
expertly perceived significance in addition to existing evidence sup-
porting association with disease activity, in combination with reli-
ability and interobserver agreement from earlier studies.***2* BWT
is consistently established as the most important predictor of disease
activity on ultrasound,” and here demonstrates almost perfect inter-
rater agreement and correlation with overall assessment of disease
activity. CDS, i-fat, and BWS are also important parameters, showing
moderate or fair inter-rater agreement and even stronger association
with overall assessment of disease activity. In our rigorous attempt
to standardise measurement, we endeavor to optimise acquisition
and measurement techniques, with an aim to limit uncertainty in the
interpretation and grading of the individual parameters.

The importance of BWT as a measure of inflammatory activity
for all cross-sectional imaging modalities cannot be understated.
When considering well-established indices for MRE, including the
Magnetic Resonance Index of Acttivity [MaRIA] score, BWT is a
core component.’ Similarly for CT, BWT and hyperenhancement
are the strongest predictors of disease activity.?”” BWT is also the core
element in two newly developed simple IUS scores.>** The reliable
measurement of BWT is central to consistent interpretation. Again,
the reliability of BWT demonstrated here was almost perfect.

The primary focus of this work was to develop and describe an
expert consensus approach to measurement techniques and image/
cineloop [video] acquisition [see Supplementary data 2], where reliable
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Figure 2. The association between scan quality and rater confidence.
Quality and confidence scored on a 5-point Likert scale. Red line is the linear
association, grey lines are confidence intervals.
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components then allowed for the development of an activity and se-
verity TUS score. This has been poorly demonstrated in the literature
to date.*'> However, a similar process has been well established by our
Rheumatology colleagues. A clear and expert endorsed process of ac-
quisition is essential to training and reproducibility, but this has not
yet been developed and published for TUS.?’ For example, Calabrese
et al. [2018] investigated the inter-rater reliability by comparing IUS
interpretation by six independent expert operators evaluating 15 live
Crohn’s patients, and demonstrated moderate agreement for BWT,
BWS, and CDS.'” Agreement was substantial for lesion location, pres-
ence of complications including fistulae, and penetrating complica-
tions such as inflammatory masses. However, insufficient agreement
was observed for other parameters, such as inflammatory mesenteric
adipose tissue [i-fat] changes. Although the investigators evaluated the
reliability of key measures of disease activity, little attempt was made to
understand the underlying inconsistencies driving scoring differences,
which may contribute to their findings of moderate agreement overall.
Furthermore, no consensus regarding image/ cineloop acquisition
was developed, nor was scoring established before test examination.
Demonstrating reliability is paramount for consistent, standardised
measurement uptake of ultrasound internationally, to guide therapeutic
intervention. In addition, reliable measures are essential for increasing
interest in IUS utility in pharma-sponsored therapeutic clinical trials,
given its excellent patient acceptance and low cost.*
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Figure 3. The association between physician global disease activity assessment and individual intestinal ultrasound parameters. Associations between A] mean
activity and bowel wall thickness [top left], B] mean activity and inflammatory fat [top right], C] mean activity and colour Doppler imaging [bottom left], and D]
mean activity and bowel wall stratification.
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Table 4. Multiple linear regression coefficients included in the final
activity score.

ACTIVITY

Parameter Coefficient p-value
BWT 4.0 [3.1-4.9] 0.001
i-fat 14.8 [9.8-19.8] 0.001
CDS 6.7 [3.3-10.0] 0.001
BWS 4.1[0.3-7.9] 0.034

Regression coefficients were calculated based on the global activity and
severity score from 0 [theoretical no disease] to 100 [theoretical worst ever
activity/disease] and omitting the B, constant/intercept. Total model has an
F-value of 0.0001 with an adjusted R? = 0.99 for all models.

BWT, bowel wall thickness; i-fat, inflammatory fat; CDS, colour Doppler
signal; BWS, bowel wall stratification; NA, not applicable.

Shared understanding and agreement regarding interpretation
and scoring to improve reliability is equally important for endoscopy.
Daperno et al. [2017] demonstrated improvement in inter-rater reli-
ability during endoscopic scoring of CD using the CD Endoscopic Index
of Severity [CDEIS], after discussion and review of score discrepancy,
resulting in substantial improvements in agreement.’'* Variability in
lesion interpretation on endoscopy is well known.* For example, when
comparing centrally read versus ‘on site’ readers for endoscopy, conse-
quential differences in treatment effects were demonstrated by Feagan
et al. in both placebo and treatment groups.** Although revision and
refinement of image and cineloop acquisition in this study did not sig-
nificantly alter the reliability in the final interpretation, standardised
acquisition may contribute to improved reliability in less experienced
readers and is also important for establishing training standards.

Widespread adoption of IUS has been somewhat limited to
date, at least in part due to the common perception that accuracy
and thus utility depend on expertise for acceptable performance.
Reliance on expertise/skill for optimal performance is no different
when comparing IUS with the specialised skills required for the in-
terpretation of MRE and for CTE; in fact, the evidence presented
in this study suggests some aspects of IUS measurement may be
more reliable.’35 For example, Tielbeek et al. [2013] investigated
inter-rater reliability for MRE activity parameters for CD by two
experienced and two less experienced raters.® The agreement for
most activity parameters ranged from only fair to moderate. Bowel
wall thickness, which is perhaps the most used parameter in IUS
to demonstrate disease activity, exhibited good inter-rater reliability
among all readers for MR [ICC = 0.69]. Experienced radiologists
exhibited excellent agreement [ICC = 0.87], yet this was still not
as reliable as the findings demonstrated on IUS in this study. Tsai
et al. [2019] also clearly demonstrated the need for expertise to im-
prove consistent detection of inflammatory parameters on MRE in
Crohn’s disease among general radiologists.>> When internationally
recognised experts interpret MRE, the agreement is strong, again
supporting training and expertise as a component of strong inter-
rater reliability for MRE.” Similarly, all of the readers in our IUS
study were highly experienced, with a median of 6 years of routine
clinical use. Not all parameters measured on MR exhibit consistent
reliability, regardless of expertise: one of the core elements of the
MaRIA score, mucosal ulceration, exhibits less than expected reli-
ability in this real-world assessment. Similarly, the reproducibility
of inflammatory fat on MRE demonstrates only fair agreement in
Tielbeek et al. CT enterography interpretation also requires ad-
vanced skill, with some parameters exhibiting greater reliability than

Figure 4. Application of the segmental activity and severity scores. Applying
the scores: Bowel wall thickness [BWT] = [7.8 + 7.1 + 85 + 8.4] / 4 = 7.95 =
8.0. Blood flow/ colour Doppler signal [CDS] = 0 [no signals]. Inflammatory
fat [i-fat] = 2 [certain]. Bowel wall stratification [BWS] = 2 [focal disruption
<3 cml]. International Bowel Ultrasound [IBUS] Segmental Activity Score
[SAS]=8:4+2:15+0:-7+2-4=70.

others: interobserver agreement reached a kappa of 0.83 for BWT,
whereas other parameters like mural hyperenhancement, stratifica-
tion, fat attenuation, and comb sign were less reliable, with kappas
ranging from 0.56 to 0.65.3 Thus compared with both MR and CT,
the reliability of the core parameters [CDS and i-fat] exhibited nearly
equivalent reliability and the most important parameter, BWT, was
superior.

This study has demonstrated that four variables [BWT, BWS,
CDS, and i-fat] are required to predict overall disease activity in
CD and just two variables [BWT and i-fat] are needed to predict
overall disease severity. We have proposed a score that predicts
overall disease activity in large and small bowel disease based on
a VAS evaluation, although further external validation is required.
Use of a physician global assessment or VAS for interpretation of
any dependent variable is a common statistical approach in index
generation, where no relevant gold standard exists. For example,
for clinical symptom measurement in CD [CDAIJ*® [overall evalu-
ation of severity of illness] a VAS was implemented in develop-
ment. Similarly the CDEIS* [Crohn’s Disease Endoscopic Index
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of Severity] used a VAS for the global evaluation of lesion severity,
and the Lemann score,* known to evaluate the overall damage sec-
ondary to CD, used a linear VAS. Although our VAS evaluation was
performed by the same investigators as those rating the independent
variables, it is a different measurement, given the need to include
an overarching or ‘global’ assessment. In comparison with other
diagnostic scores, our score may be more comprehensive.??* For ex-
ample, we have incorporated an appropriate sample size and patient
selection, blinded to patient disease characteristics and treatment,
and included patients with varying disease activity. BWT was meas-
ured as a continuous variable as opposed to categorical, thus making
the scores more likely to be responsive. The implementation of cen-
tral reading allows for objective, standardised grading of images by
trained graders. To our knowledge, our stringent methodological
design makes our IBUS-SAS the most comprehensive US index cur-
rently available for grading CD activity. Even though the reliability
of the individual parameters [ranging from fair to excellent] is not
perfect, our methods demonstrate high apparent reliability of the
final index; yet it does need to undergo external validation against
other objective and valid anchors for disease activity. The IBUS-SAS
may be used in the future, to predict responsiveness and outcomes
following treatment, and index responsiveness should be addressed
in the future. When validated against recognised modalities, namely
endoscopy and/or MRE, these scores will contribute to standardised
measurement in daily clinical practice and will be instrumental in as-
sessing disease activity and response in future clinical trials.

There are a number of limitations to this phased evaluation. First,
we did not perform a rigorous systematic review in order to identify
IUS parameters evaluating disease activity in CD, but rather relied
on expertise and subsequent expert consensus. A recently published
systematic review did however reveal only two additional param-
eters: bowel compressibility and bowel wall echogenicity.*! Second,
the phases of this project occurred over an extended period; thus,
some minor variation in participation of experts occurs between
blind reads. However, the consistent presence of six core individuals
forming the majority readers persisted throughout the project. This
investigation was also limited to the evaluation of the inter-rater re-
liability of parameters for cases read centrally, excluding the evalu-
ation of case reproducibility and intra-rater reliability. Undoubtedly,
poor acquisition skills may worsen the reliability between exam-
iners. Attempts were made to mitigate this through generation of
clear acquisition instruction. This is a potential limitation of central
reading. The aim of this study, however, was to evaluate the reli-
ability of interpretation and grading of images and cineloops fol-
lowed by score development, not on evaluation of IUS performance
nor internal bootstrap validation of the model. There was little to no
capacity within this current study to evaluate the consensus score’s
responsiveness to medical therapies. This will be evaluated in the
subsequent phase of score development, in addition to prospective
external validation.

In conclusion, IUS is increasingly being adopted as a pa-
tient centred, easily repeated objective monitoring tool for CD.
Standardised measurement, with consistent acquisition, and inter-
pretation are key to broader application of TUS. The single most
important parameter, BWT, exhibits near perfect agreement here,
and the other activity parameters demonstrate fair to moderate reli-
ability. The proposed IBUS score associated with global activity also
demonstrates excellent reliability. Improved acquisition, measure-
ment, and thus interpretation will facilitate broader inclusion of TUS
both in everyday practice and in clinical trials, as we focus on more
patient-favoured monitoring tools in CD.

The data underlying this article are available in the article and in
its online Supplementary material for the second round of scoring.
The data underlying this article will be shared on reasonable request
to the corresponding author for the first round of scoring.
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