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LATEST INTESTINAL ULTRASOUND ADVANCEMENTS
IN INFLAMMATORY BOWEL DISEASE

Introduction

Inflammatory bowel disease (IBD) treatment has
evolved from monitoring clinical symptoms to targeting
objective measurements of mucosal healing with
endoscopic and radiologic imaging. It is well known
that clinical symptoms do not match disease severity.
Frequent evaluation with radiologic imaging is now
the standard of care. Although Selecting Therapeutic
Targets in Inflammatory Bowel Disease (STRIDE-II)
recommendations do not list radiographic targets as
an endpoint due to the “limited ability of the currently
available treatments to achieve transmural healing,” this
will likely evolve over time particularly with the rapidly
growing uptake of intestinal ultrasound (IUS) in clinical
trials.! For the time being, imaging is considered as an
“adjuvant assessment rather than a formal treatment
target.”

While endoscopy is the current reference
standard technique for examining the bowel in IBD, the
feasibility of repeating these invasive examinations for
monitoring is limited. One of the greatest limitations
of endoscopy in the context of IBD is its inability to
evaluate the extent of transmural involvement and peri-
enteric disease complications. Furthermore, assessing
the proximal disease extent in Crohn's disease (CD)
is impossible when there is a failure to intubate a
strictured ileum. Consequently, computed tomography
(CT), magnetic resonance imaging (MRI), and IUS are
all valuable diagnostic imaging modalities for fully
monitoring disease extent, severity, and progression.
IUS has been shown in reviews and meta-analyses
to be equally sensitive and specific as CT and MRl in
diagnosing and monitoring CD,%® and has high accuracy
for disease activity when compared to endoscopy in
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diagnosing and monitoring ulcerative colitis (UC).*® IUS
is advantageous for its accuracy, non-invasiveness, and
easy repeatability due to excellent patient tolerability.
Overall, gastroenterologist-performed IUS has
revolutionized the ability to visualize inflammation and
complications in the bowel. This overview will discuss
the availability of IUS, its current use in CD and UC, and
future directions.

Current Use of Gastroenterologist-
Led IUS in Canada

A.IUS in Canada

The University of Calgary IBD Unit was the first
in North America to establish an innovative clinic that
uses IUS at the bedside to safely evaluate the bowel.
Currently, IUS clinics led by gastroenterologists are
present in all but three provinces in Canada. The
interest in IUS is experiencing rapid growth globally.

Studies evaluating patient experiences and
preferences for disease monitoring in CD has
repeatedly shown a desire among patients to
have access to IUS for varying reasons, including
education of disease severity in real-time and
increased engagement.®’ Its ease of use for patients
by physicians has made IUS a repeatable choice for
routine surveillance and urgent imaging. The use of
IUS by gastroenterologists for timely decision making
has been shown to improve disease control and limit
invasive testing.®



B. IUS Training

The International Bowel Ultrasound Group
(IBUS), based in Germany, has established the only
credentialed training program for IBD-focused IUS
monitoring in the world. In Canada, the majority of
gastroenterologists have either been trained in IUS
from radiologists experienced in IUS, or from IBUS. At
present, eight IBUS-certified Canadian training centres
in pediatric and adult IUS are available (Kelowna,
Edmonton [pediatric and adult], Calgary [pediatric and
adult], Saskatoon, Hamilton, and Bridgewater). Other
centres that are either developing or have established
IUS programs include Vancouver, Lethbridge (Alberta),
Grand Prairie (Alberta), Winnipeg, Toronto, London,
Montreal, Sherbrooke, and Halifax.

Most recently, studies have assessed the
accuracy of IUS performed by gastroenterologists
by taking into account their abdominal ultrasound
experience.® IBUS mandates a minimum of 40 observed
examinations for a gastroenterologist to be certified
for basic competence in IUS. A study by
Bezzio et al. observed that trainees with limited
abdominal ultrasound experience (<50 exams) required
a minimum of 84 exams to achieve concordance
with the expert sonographer for detecting findings
such as increased bowel wall thickness.® To achieve
advanced IUS competence, a minimum of 97
examinations is required to obtain concordance with
an expert sonographer for identifying intra-abdominal
complications.

C. IUS Application in Clinic and Limitations

Hallmark Features of IBD Activity

Four key features on IUS allow for grading of CD
and UC activity. These include bowel wall thickness,
colour doppler signal (CDS), presence of inflammatory

fat, and loss of wall stratification (Table 1). Bowel wall
thickness is the most specific objective measure for
inflammatory activity with a thickness of > 3mm in the
small bowel and colon indicating abnormality.’® Other
adjunct activity parameters include lymphadenopathy.
Scoring indices have been devised and the IBUS-SAS
(Segmental Activity Score) is one of the most widely
used tool that incorporates the four aforementioned
parameters.’® Real-time interpretation of these
parameters including complications such as strictures
and penetrating disease for CD, and use during UC
flares in clinic allows for immediate decision making
and reduces reliance on other imaging modalities and
endoscopy. Validated scoring indices for CD (Simple
Ultrasound Score™) and UC (Milan Ultrasound Criteria™
and UC-Ultrasound Index*'®) have been established
using endoscopy as the comparator. However, a
robustly validated, reliable and responsive index
remains unavailable to monitor treatment response.

Obstacles to Implementation

Although IUS offers considerable value, barriers
for IUS implementation remain present. Obtaining an
IUS machine at a Canadian centre requires a financial
investment of typically approximately $100 000 to
150 000 CAD. Additional costs for maintenance and
service contracts have to also be factored in. Secondly,
physicians interested in obtaining certification from
IBUS require the completion of three modules (Module
1; intensive introductory hands-on workshop, Module
2; four-week hands-on training module at a certified
IBUS training centre, Module 3; advanced workshop
and final exam). This is a competitive process and
examinations have been typically only offered annually
at ECCO (European Crohn’s and Colitis Organization)
congress. Most gastroenterologists are unable
to leave their practice for 4 weeks at a time, and

Intestinal Ultrasound Parameter* Cut-Offs

Bowel Wall Thickness

Colour Doppler Signal (Hyperemia)**

Inflammatory Fat

Wall Stratification

>3mm

Modified Limberg Score

0 - absent

1 - small spots (single vessels) within the wall

2 - long stretches within the wall

3 - longer stretches within the wall extending into the
mesentery.

Present or Absent

Focal loss (<3cm)
Extensive loss (>/= 3cm)

Table 1. Four Key Inflammatory Bowel Disease Activity Parameters on Intestinal Ultrasound

Adapted from Novak et al. J Crohns Colitis. 2021 Apr 6;15(4):609-16.

*Other parameters such as motility abnormalities, lymphadenopathy, submucosa echogenicity, stricture measurements, and penetrating
complications are also evaluated when evaluating activity, but are not in formal intestinal ultrasound activity scoring.
**QOther scoring systems for hyperemia are available: Limberg score and International Bowel Ultrasound Color Doppler Signal score.
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Figure 1. 21 year old male with new diagnosis of left sided ulcerative colitis. Loss of normal descending colon haustration with thickened bowel
and loss of stratification in longitudinal view A. Ample inflammatory fat seen as echogenic (white) wrapping around descending colon in axial
view B. Hyperemia graded as modified Limberg 3 with vascular signal in bowel walls and surrounding inflammatory fat C. Normal haustration in
cross-sectional view of transverse colon unaffected by ulcerative colitis in same patient; courtesy of Cathy Lu, MD, MSc

training is typically completed over 1-to-2-week blocks.

Training at Canadian centres is organized by IBUS

with preference for training of Canadian nationals.

Thirdly, gastroenterologist-led IUS during clinic visits

generally requires 10 to 15 minutes for straightforward

examinations and may take 30 minutes or greater

for complex scans such as those with peri-enteric

complications, or long segment disease with multi-focal

structuring. Allotting time for IUS evaluation, image

capture, and documentation may favour academic

centres due to the lack of current remuneration and fee

codes in the majority of Canadian centres. Achieving

competence and maintaining competency in IUS

are also areas of current study with comparisons to

endoscopy and echocardiography frequently cited.™s™
Limitations of IUS include its inability along

with CT and MR to detect mild mucosal disease

such as a simple endoscopic score of 3 in the ileum

or colonic segment. Proctitis is often also difficult

to evaluate as examination of the rectum using

transabdominal IUS may be limited visually; the

transperineal approach is typically favoured in this

situation. Similarly, very deep structures of bowel may
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be missed. Detection of proximal CD such as in the
duodenum may also be limited. Abdominal obesity

is reported as a limitation of IUS. However, bowel
visualization may actually be minimally hampered by
central adiposity and body habitus does not predict
failure of ultrasound.’® A criticism of ultrasound is that
accuracy is dependent on examining experience of
the sonographer. Good reproducibility of assessing
bowel thickness and complications has been described
between gastroentoerlogists alone, and between
gastroenterologists and radiologists from six IBD
referral centres.””"®

Efficacy of IUS and Comparison
with Other Imaging Modalities

IUS is comparable to MR enterography (MRE) in
diagnosing CD with a sensitivity of 94%, a specificity of
97%, a positive-predictive value of 97% and a negative
predictive value of 94%.”® Regarding the diagnostic
performance of IUS for CD, the ileum, sigmoid,
and descending colon have the highest diagnostic
performance; however, a lower predictive accuracy has



been reported for the duodenum, proximal jejunum and
rectum.2°

A landmark prospective, multicentre trial, MR
Enterography or ulTRasound In Crohn’s disease,
(METRIC), was conducted in the United Kingdom. The
trial evaluated the diagnostic accuracy of MRE and
IUS for the extent and activity of newly diagnosed
and relapsed CD. This trial’'s findings have confirmed
that both MRE and IUS are accurate and have a high
sensitivity for detecting terminal ileal CD, with a
sensitivity of 97% (95% confidence interval (Cl) 91-99)
for MRE, and a sensitivity of 91% (95% Cl 79-97), for
IUS.2" This trial has observed that detecting colonic
disease on cross-sectional imaging is more challenging.
There were no significant differences in detecting
colonic disease, with an MRE sensitivity of 64%, and
an IUS sensitivity of 73%.2" Overall, IUS is comparable
to MRE and CT enterography (CTE) in identifying the
location and activity of IBD.

Post-operative recurrence of CD can be
confidently predicted when combining IUS with fecal
calprotectin levels.?2 The role of IUS in diagnosing
post-operative recurrence of CD has been evaluated
in multiple studies.?**?” More specifically, a recent
prospective study has shown that bowel wall thickening
of >3 mm and the presence of lymphadenopathy
with a fecal calprotectin level of >50 mcg/g is reliable
at predicting endoscopic disease recurrence, with
less than 5% of patients being falsely classified.?
Overall, non-invasive techniques such as IUS and fecal
calprotectin levels allow for adequate CD evaluation
post-surgery, although future studies are necessary to
determine whether the changes that can be made to
medical therapy without the requirement for endoscopy
are appropriate.

Transmural Healing and Response;
Definitions on CT, MR, and IUS

Concepts such as transmural healing, transmural
remission, and transmural response are evolving and
are currently based on expert consensus. However,
ongoing studies are working on a prospective validation
of these terms. Research has shown that achieving
deeper control, particularly in CD, is associated
with better long-term outcomes, specifically, with
lower rates of surgery, hospitalization, and therapy
escalation.?8:2°

Transmural healing refers to the healing of all
layers of the bowel in both CD and UC, recognizing that
UC does involve layers beyond the mucosal surface
(Figure 1). Proposed definitions of transmural response
and remission have been described for CT, MRI, and
IUS (Table 1).2° In a systematic review by Geyl et al,
transmural remission for any modality was proposed as
the improvement of bowel wall thickness to <3 mm for
the small bowel and <4 mm for the colon.®® The authors
suggest that the definition of transmural remission
should consider both imaging for full thickness
assessment and endoscopic evaluation in order to

confirm the achievement of transmural remission.
Furthermore, the optimal timing for evaluating
transmural healing has been found to be at week
26 or 52 for CD, and at week 12 or 14 for UC, also
recognizing that some patients will obtain a much
quicker response.

Treatment response has been evaluated and
in CD it is described as a reduction in bowel wall
thickness by >25%, or >2.0 mm, or >1.0 mm, along
with one reduction in the colour Doppler signal grade.
Transmural remission is defined as normalization of
bowel wall thickness, and normalization of all IUS
parameters (increased blood flow, loss of bowel wall
stratification, and inflammatory mesenteric fat).%?

For UC, definitions of transmural remission utilized
a bowel wall thickness cut off of <3 mm for the colon
and an absent colour Doppler signal.®' Transmural
healing data is evolving in UC, particularly as it is being
recognized that wall layers other than the inner mucosa
are involved. Colectomy for refractory UC is associated
with thickening of the muscularis mucosae and
increased fibrosis, while submucosal fibrosis is related
to the severity of intestinal inflammation.3® Given that
endoscopic biopsies of the mucosa are unable to
predict the quantity of fibrosis or muscularis mucosae
thickening,® IUS is an excellent modality to further
understand the composition of the colon, and to study
the definitions of transmural remission. IUS is the only
imaging modality that is able to detect the five distinct
layers of the bowel (Figure 2). Therefore, IUS offers
sizable advantages over CT and MR for both clinical
evaluation and research.

Current Evidence for Therapies
Achieving Transmural Healing on IUS

Emerging data suggests that successful therapies
should be able to achieve endoscopic remission
and achieve transmural improvement. STARDUST, a
randomized controlled trial evaluating a treat-to-target
approach for ustekinumab in CD, has utilized IUS to
assess the efficacy of treatment.®? The trial has shown
that a transmural response was present as early as
week 4 after treatment initiation, and that 46.3% of
patients had a progressive IUS response, and 24.1% had
achieved transmural remission at week 48.32

A prospective study using IUS at baseline and at
6 months, with at least 12 months of follow up after
starting a new medication, has shown that transmural
healing can predict more favourable long-term outcomes
than those of mucosal healing in CD.3* Furthermore,
32% patients achieved transmural healing (bowel wall
thickness <3 mm with normalization of stratification,
absent hypervascularization, inflammatory fat, and
abscesses/fistula) while 40% achieved mucosal healing;
notably, both parameters showed poor correlation with
each other (Cohen’s k = 0.387; p<0.05).3* Transmural
healing was an independent predictor of being
steroid-free, requiring less drug escalation, and fewer
hospitalizations.3
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Figure 2. Normal terminal ileum with five wall layers in longitudinal view. Layers alternate in echogenicity. A. serosa, B. muscularis propria
(hypoechoic), C. submucosa (echogenic), D. muscularis mucosa (hypoechoic), and E. mucosa interface; courtesy of Cathy Lu, MD, MSc

In UC, a recent prospective cohort study
conducted in 2022 has demonstrated that IUS is
accurate for determining endoscopic response and
remission in patients with moderate-to-severe UC who
started treatment with tofacitinib.® Patients received
IUS and endoscopy at baseline and at week 8. A bowel
wall thickness of 2.8 mm (area under curve [AUC]
of 0.87) matched endoscopic remission (endoscopic
mayo score and Robarts Histopathologic Index), and a
decrease of 32% (AUC of 0.87) was able to detect an
endoscopic response.’

A recent study conducted in 2022 was the
first to predict disease progression in UC using the
Milan Ultrasound Criteria (MUC), which is a validated
transmural IUS score. The study findings suggest that
a baseline transmural assessment using MUC could
predict a negative disease course, hospitalization, and
colectomy.®®

Although a deeper level of disease control in the
form of transmural healing may be optimal, questions
remain regarding the following: the appropriate
timing of transmural healing; acceptable ranges of
healing, with some patients experiencing slower
healing; whether an overall improvement in bowel
wall thickness along with residual thickness of certain
layers, such as the submucosae is meaningful; and
whether transmural healing of the small bowel and
colon are different. Furthermore, whether strictures
can achieve remodelling and transmural healing is an
area of interest. Notably, the first anti-fibrotic agent,
Agomab-129, is currently available in Canada for
Crohn’s Disease, and is being evaluated in a phase
2a global clinical trial. Overall, bowel wall thickness is
the most frequently described parameter for assessing
transmural healing. Future research is required to
develop standardized and validated definitions of

transmural healing in diagnostic imaging to gain an
understanding of the true impact on patient disease
control.

Future Frontiers of IUS

A. Artificial Intelligence

The field of artificial intelligence is rapidly growing
across all types of cross-sectional imaging. In IUS,
machine-learning models have been validated to
distinguish between IUS images of normal bowel wall
and bowel wall thickening, which is the best surrogate
for active disease and inflammation.®® This machine
learning module was trained on a dataset of 1008
images (50% abnormal images, 50% normal images).
The model demonstrated high accuracy, sensitivity,
and specificity for detection of bowel wall thickening
at 90.1%, 86.4%, and 94%, respectively. In addition, the
network exhibited an average area under the receiver
operating characteristic curve of 0.9777.3¢

B. Future Directions and IUS
Advancements in CD Complications

IUS easily detects the morphologic alterations of
CD strictures (Figure 3). An expert consensus panel
has provided definitions, diagnosis, and treatment
targets for anti-fibrotic stricture therapies in CD
using CTE and MRE.% The three key parameters
for small bowel strictures on CT and MR are bowel
wall thickness, luminal apposition, and pre-stenotic
diameter. Recently, these same parameters for IUS
have been evaluated in an international consensus
using a modified RAND/University of California Los
Angeles process led by the Stenosis Therapy and Anti-
Fibrotic Therapy (STAR) consortium. These statements
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Figure 3. Longitudinal view of neo-terminal ileal stricture with bowel wall thickness 8.9mm, luminal apposition of 1.Imm, and pre-stenotic
dilation of 4.5cm; courtesy of Cathy Lu, MD, MSc

will lead to the formation of an imminent IUS index for
validation and use in clinical trials.

An emerging area of interest in fibrostenotic CD is
the relationship of IUS parameters and each individual
bowel layer in comparison with histopathology obtained
from small bowel resection samples.383° Considering
that strictures contain varying degrees of inflammation
and fibrosis, understanding the imaging correlates with
stricture composition may be of use to assess who
can benefit most when considering resection. Studies
have shown that distinct IUS findings such as the
submucosal layer brightness/echogenicity,*® mucosal
layer thickness,*® and submucosa spiculates extending
toward the mesentery are associated with fibrosis in
small bowel CD strictures.3®

Regarding peri-enteric complications, a recent
systematic review, which analyzed 60 of 1498
identified studies, demonstrated that IUS is accurate
for diagnosing inflammatory masses and fistulas,
with a sensitivity of 0.90 and 0.87, respectively and a
specificity of 0.67 and 0.95, respectively.*°

Conclusions

Timely and accurate measures of inflammation
in IBD during routine follow-up are essential to inform
clinical decision-making to ensure patients reach
therapeutic targets. IUS offers physicians timely
information on the structure and function of the
bowel including bowel motility, while for the patient,
it offers a patient-centred, safe, alternative means of
routine monitoring in the clinic. The progress of IUS
is rapidly advancing in several areas. These include
the development of validated indices, understanding
its use in transmural healing and response to therapy,
its correlation with histopathology, its integration with

artificial intelligence, and its expanding role in training
and education. IUS is currently playing a prominent role
and is being interpreted centrally, similar to endoscopy,
in multi-centre international studies involving both
approved and anticipated biologic therapies, and small
molecules. This points to a future for IUS that is both
exciting and incredibly bright.

Key Takeaways:

1. Gastroenterologist-led intestinal ultrasound
improves patients’ knowledge of their disease and
provides accurate real-time measures of activity
in IBD.

2. Validated intestinal ultrasound scoring systems in
both UC and CD are available.

3. Intestinal ultrasound utilization is rapidly growing
in Canada and the United States, as more
gastroenterologists are training and becoming
certified in the skill.

4. As intestinal ultrasound provides reproducible and
repeatable point-of-care assessment of IBD activity
and response to therapy, its use has expanded into
clinical trials.

Volume 2, Issue 1, Spring 2024



Correspondence:

Cathy Lu, MD, MSc
Email: luc@ucalgary.ca

Financial Disclosures:

Cathy Lu: Speaker fees: Abbvie, Janssen, and
Fresenius Kabi. Advisory board fees: AbbVie,
Celltrion, Janssen, Lilly, Pfizer, Takeda, Fresenius Kabi,
Pendopharm, and Ferring.

References:

1. Turner D, Ricciuto A, Lewis A, DAmico F, Dhaliwal J, Griffiths AM, et
al. STRIDE-II: An Update on the Selecting Therapeutic Targets in
Inflammatory Bowel Disease (STRIDE) Initiative of the International
Organization for the Study of IBD (I0IBD): Determining Therapeutic
Goals for Treat-to-Target strategies in IBD. Gastroenterology. 2021 Apr
1;160(5):1570-83.

2. Horsthuis K, Bipat S, Bennink RJ, Stoker J. Inflammatory bowel disease
diagnosed with US, MR, scintigraphy, and CT: meta-analysis of
prospective studies. Radiology. 2008 Apr;247(1):64-79.

3. Panés J, Bouzas R, Chaparro M, Garcia-Sanchez V, Gisbert JP, Martinez
de Guerefiu B, et al. Systematic review: the use of ultrasonography,
computed tomography and magnetic resonance imaging for the
diagnosis, assessment of activity and abdominal complications of Crohn’s
disease. Aliment Pharmacol Ther. 2011;34(2):125-45.

4. Bots S, Nylund K, Léwenberg M, Gecse K, D’'Haens G. Intestinal Ultrasound to
Assess Disease Activity in Ulcerative Colitis: Development of a novel UC-
Ultrasound Index. J Crohns Colitis. 2021 Jan 7;15(8):1264-71.

5. de Voogd F, van Wassenaer EA, Mookhoek A, Bots S, van Gennep S,
Léwenberg M, et al. Intestinal Ultrasound Is Accurate to Determine
Endoscopic Response and Remission in Patients With Moderate to
Severe Ulcerative Colitis: A Longitudinal Prospective Cohort Study.
Gastroenterology. 2022 Dec 1;163(6):1569-81.

6. Miles A, Bhatnagar G, Halligan S, Gupta A, Tolan D, Zealley |, et al. Magnetic
resonance enterography, small bowel ultrasound and colonoscopy to
diagnose and stage Crohn’s disease: patient acceptability and perceived
burden. Eur Radiol. 2019 Mar;29(3):1083-93.

7. Rohatinsky N, Zelinsky S, Dolinger M, Christensen B, Wilkens R, Radford S,
et al. Crohn’s Disease Patient Experiences and Preferences With Disease
Monitoring: An International Qualitative Study. Crohns Colitis 360. 2023
Apr 1;5(2):0tad012.

8. St-Pierre J, Delisle M, Kheirkhahrahimabadi H, Goodsall TM, Bryant RV,
Christensen B, et al. Bedside Intestinal Ultrasound Performed in an
Inflammatory Bowel Disease Urgent Assessment Clinic Improves Clinical
Decision-Making and Resource Utilization. Crohns Colitis 360. 2023 Oct
1;5(4):0tad050.

9. Bezzio C, Saibeni S, Vernero M, Furfaro F, Monteleone M, Ribaldone D, et
al. The learning curve for using intestinal ultrasonography. Dig Liver Dis
Off J Ital Soc Gastroenterol Ital Assoc Study Liver. 2024 Feb 5;S1590-
8658(24)00222-6.

10. Novak KL, Nylund K, Maaser C, Petersen F, Kucharzik T, Lu C, et al. Expert
Consensus on Optimal Acquisition and Development of the International
Bowel Ultrasound Segmental Activity Score [IBUS-SAS]: A Reliability
and Inter-rater Variability Study on Intestinal Ultrasonography in Crohn’s
Disease. J Crohns Colitis. 2021 Apr 6;15(4):609-16.

11. Ripollés T, Poza J, Suarez Ferrer C, Martinez-Pérez MJ, Martin-Algibez A, de
Las Heras Paez B. Evaluation of Crohn’s Disease Activity: Development of
an Ultrasound Score in a Multicenter Study. Inflamm Bowel Dis. 2021 Jan
1;27(1):145-54.

12. Allocca M, Fiorino G, Bonovas S, Furfaro F, Gilardi D, Argollo M, et al.
Accuracy of Humanitas Ultrasound Criteria in Assessing Disease Activity
and Severity in Ulcerative Colitis: A Prospective Study. J Crohns Colitis.
2018 Nov 28;12(12):1385-91.

13. Seevik F, Eriksen R, Eide GE, Gilja OH, Nylund K. Development and Validation
of a Simple Ultrasound Activity Score for Crohn’s Disease. J Crohns
Colitis. 2021 Jan 13;15(1):115-24.

14. Dubé C, Rostom A. Acquiring and maintaining competency in gastrointestinal
endoscopy. Best Pract Res Clin Gastroenterol. 2016 Jun;30(3):339-47.

15. Burwash IG, Basmadijian A, Bewick D, Choy JB, Cujec B, Jassal DS,
et al. 2010 Canadian Cardiovascular Society/Canadian Society
of Echocardiography Guidelines for Training and Maintenance of
Competency in Adult Echocardiography. Can J Cardiol. 2011;27(6):862-4.

16. Novak KL, Wilson SR. Sonography for surveillance of patients with
Crohn disease. J Ultrasound Med Off J Am Inst Ultrasound Med. 2012
Aug;31(8):1147-52.

17. Fraquelli M, Sarno A, Girelli C, Laudi C, Buscarini E, Villa C, et al.
Reproducibility of bowel ultrasonography in the evaluation of Crohn’s
disease. Dig Liver Dis. 2008 Nov;40(11):860-6.

18. Calabrese E, Kucharzik T, Maaser C, Maconi G, Strobel D, Wilson SR, et
al. Real-time Interobserver Agreement in Bowel Ultrasonography for

20

21.

22

23

24

25

26

27.

28

29

30

31

32

33

34

35

36

37.

38

39

40

Diagnostic Assessment in Patients With Crohn’s Disease: An International
Multicenter Study. Inflamm Bowel Dis. 2018;24(9 PG-2001-2006):2001-6.

Castiglione F, Mainenti PP, De Palma GD, Testa A, Bucci L, Pesce G, et al.
Noninvasive diagnosis of small bowel Crohn’s disease: direct comparison
of bowel sonography and magnetic resonance enterography. Inflamm
Bowel Dis. 2013 Apr;19(5):991-8.

. Parente F, Greco S, Molteni M, Cucino C, Maconi G, Sampietro GM, et al. Role
of early ultrasound in detecting inflammatory intestinal disorders and
identifying their anatomical location within the bowel. Aliment Pharmacol
Ther. 2003 Nov 15;18(10):1009-16.

Taylor SA, Mallett S, Bhatnagar G, Baldwin-Cleland R, Bloom S, Gupta A,
et al. Diagnostic accuracy of magnetic resonance enterography and
small bowel ultrasound for the extent and activity of newly diagnosed
and relapsed Crohn’s disease (METRIC): a multicentre trial. Lancet
Gastroenterol Hepatol. 2018 Aug;3(8):548-58.

. Furfaro F, DAmico F, Zilli A, Craviotto V, Aratari A, Bezzio C, et al. Noninvasive
Assessment of Postoperative Disease Recurrence in Crohn’s Disease: A
Multicenter, Prospective Cohort Study on Behalf of the Italian Group for
Inflammatory Bowel Disease. Clin Gastroenterol Hepatol Off Clin Pract J
Am Gastroenterol Assoc. 2023 Nov;21(12):3143-51.

. Yung DE, Har-Noy O, Tham YS, Ben-Horin S, Eliakim R, Koulaouzidis A, et al.
Capsule Endoscopy, Magnetic Resonance Enterography, and Small Bowel
Ultrasound for Evaluation of Postoperative Recurrence in Crohn’s Disease:
Systematic Review and Meta-Analysis. Inflamm Bowel Dis. 2018 Jan
1;24(1):93-100.

. Andreoli A, Cerro P, Falasco G, Giglio LA, Prantera C. Role of ultrasonography
in the diagnosis of postsurgical recurrence of Crohn’s disease. Am J
Gastroenterol. 1998 Jul;93(7):1117-21.

. Rispo A, Bucci L, Pesce G, Sabbatini F, de Palma GD, Grassia R, et al. Bowel
sonography for the diagnosis and grading of postsurgical recurrence of
Crohn’s disease. Inflamm Bowel Dis. 2006 Jun 1;12(6):486-90.

. Parente F, Sampietro GM, Molteni M, Greco S, Anderloni A, Sposito C, et al.
Behaviour of the bowel wall during the first year after surgery is a strong
predictor of symptomatic recurrence of Crohn’s disease: a prospective
study. Aliment Pharmacol Ther. 2004 Nov 1;20(9):959-68.

Maconi G, Sampietro GM, Cristaldi M, Danelli PG, Russo A, Bianchi Porro G,
et al. Preoperative characteristics and postoperative behavior of bowel
wall on risk of recurrence after conservative surgery in Crohn’s disease: a
prospective study. Ann Surg. 2001 Mar;233(3):345-52.

. Fernandes SR, Rodrigues RV, Bernardo S, Cortez-Pinto J, Rosa |, da Silva
JP, et al. Transmural Healing Is Associated with Improved Long-term
Outcomes of Patients with Crohn’s Disease. Inflamm Bowel Dis. 2017
Aug;23(8):1403-9.

. Fernandes SR, Serrazina J, Botto IA, Leal T, Guimaraes A, Garcia JL, et al.
Transmural remission improves clinical outcomes up to 5 years in Crohn’s
disease. United Eur Gastroenterol J. 2022 Dec 27;11(1):51-9.

. Geyl S, Guillo L, Laurent V, DAmico F, Danese S, Peyrin-Biroulet L. Transmural
healing as a therapeutic goal in Crohn’s disease: a systematic review.
Lancet Gastroenterol Hepatol. 2021 Aug 1;6(8):659-67.

llvemark JFKF, Hansen T, Goodsall TM, Seidelin JB, Al-Farhan H, Allocca M,
et al. Defining Transabdominal Intestinal Ultrasound Treatment Response
and Remission in Inflammatory Bowel Disease: Systematic Review and
Expert Consensus Statement. J Crohns Colitis. 2022 May 10;16(4):554~
80.

. Kucharzik T, Wilkens R, DAgostino MA, Maconi G, Le Bars M, Lahaye M, et
al. Early Ultrasound Response and Progressive Transmural Remission
After Treatment With Ustekinumab in Crohn’s Disease. Clin Gastroenterol
Hepatol. 2023 Jan 1;21(1):153-163.e12.

. Gordon 10, Agrawal N, Willis E, Goldblum JR, Lopez R, Allende D, et al. Fibrosis
in Ulcerative Colitis is Directly Linked to Severity and Chronicity of
Mucosal Inflammation. Aliment Pharmacol Ther. 2018 Apr;47(7):922-39.

.MaL, Li W, Zhuang N, Yang H, Liu W, Zhou W, et al. Comparison of transmural
healing and mucosal healing as predictors of positive long-term outcomes
in Crohn’s disease. Ther Adv Gastroenterol. 2021;14:1-11.

. Allocca M, DellAvalle C, Craviotto V, Furfaro F, Zilli A, DAmico F, et al.
Predictive value of Milan ultrasound criteria in ulcerative colitis: A
prospective observational cohort study. United Eur Gastroenterol J. 2022
Mar;10(2):190-7.

. Carter D, Albshesh A, Shimon C, Segal B, Yershov A, Kopylov U, et al.
Automatized Detection of Crohn’s Disease in Intestinal Ultrasound
Using Convolutional Neural Network. Inflamm Bowel Dis. 2023 Dec
1;29(12):1901-6.

Rieder F, Bettenworth D, Ma C, Parker CE, Williamson LA, Nelson SA, et al.
An expert consensus to standardise definitions, diagnosis and treatment
targets for anti-fibrotic stricture therapies in Crohn’s disease. Aliment
Pharmacol Ther. 2018 Aug;48(3):347-57.

. Allocca M, Dal Buono A, DAlessio S, Spaggiari P, Garlatti V, Spinelli A,
et al. Relationships Between Intestinal Ultrasound Parameters and
Histopathologic Findings in a Prospective Cohort of Patients With Crohn’s
Disease Undergoing Surgery. J Ultrasound Med Off J Am Inst Ultrasound
Med. 2023 Aug;42(8):1717-28.

. Bhatnagar G, Rodriguez-Justo M, Higginson A, Bassett P, Windsor A, Cohen
R, et al. Inflammation and fibrosis in Crohn’s disease: location-matched
histological correlation of small bowel ultrasound features. Abdom Radiol
N Y. 2021 Jan;46(1):144-55.

. Pruijt MJ, de Voogd FAE, Montazeri NSM, van Etten-Jamaludin FS, D'Haens
GR, Gecse KB. Diagnostic Accuracy of Intestinal Ultrasound in the
Detection of Intra-Abdominal Complications in Crohn’s Disease: A
Systematic Review and Meta-Analysis. J Crohns Colitis. 2024 Jan
4;jjad215.

Volume 2, Issue 1, Spring 2024



