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Abstract: Crohn’s disease is a chronic inflammatory disease affecting the gastrointestinal tract. Ex-
pert guidelines now recommend regular objective assessments as part of a treat-to-target approach.
Intestinal ultrasound provides a noninvasive, patient-friendly modality for assessing Crohn’s dis-
ease without the risk of radiation exposure and does not require fasting or bowel preparation. En-
hancement techniques, including oral and intravenous contrast, can improve disease-activity and
complication detection. Due to its acceptability, intestinal ultrasound can be performed frequently,
allowing for closer disease-activity monitoring and treatment adjustments. There have been signif-
icant advances in the utility of intestinal ultrasound; particularly for assessing disease activity dur-
ing pregnancy and fibrosis detection utilising elastography. This review provides a comprehensive
overview of performing intestinal ultrasound, the diagnostic accuracy, role in disease-activity mon-
itoring, and recent advances in utilising ultrasound for the assessment of luminal Crohn'’s disease.
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1. Introduction

Crohn'’s disease (CD) is a chronic autoimmune disease with increasing worldwide prev-
alence [1]. Small bowel involvement, either in isolation or with colonic disease, occurs in ap-
proximately 90% of patients with typical findings including ulceration, inflammation, and
strictures [2]. The current gold standard for CD activity assessment is ileocolonoscopy, how-
ever, resource constraints and the invasive nature of this assessment make this difficult to per-
form frequently. The recent selecting therapeutic targets in inflammatory bowel disease two
(STRIDE-2) guidelines have highlighted the increasing importance of using noninvasive mo-
dalities to evaluate CD activity. Several imaging techniques can accurately assess the small
bowel, including computed tomography, magnetic resonance imaging, and ultrasound [3,4].
Cross-sectional imaging modalities such as magnetic resonance enterography (MRE) and
computed tomography enterography (CTE), however, carry patient risks including exposure
to ionising radiation (for CT assessment) and intravenous contrast [3].

Intestinal ultrasound (IUS) is an increasingly accepted imaging modality for the as-
sessment of colonic and small bowel CD [3,5]. IUS retains significant advantages over
both MRE and CT due to the lack of ionising radiation exposure, not requiring oral or
intravenous contrast administration, a lack of fasting requirements, and a shortened im-
age acquisition duration [6]. Additionally, the lack of sedation or complex machinery al-
lows for active engagement with the patient at the time of IUS performance and patients
have reported improved disease and symptom understanding as well as greater confi-
dence in making informed decision to managing their disease [7,8]. This review article
will discuss the accuracy of IUS as a modality in assessing CD activity and complications.
Novel areas of use, such as sonoelastography and use in pregnancy settings, will also be dis-
cussed and the techniques involved in performing intestinal ultrasound will be explored.
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2. Performing Intestinal Ultrasound
2.1. Patient Preparation

A key advantage of intestinal ultrasound is the ability to perform assessment with
minimal preparation, making it potentially viable as a bedside assessment tool, therefore
allowing for immediate therapeutic changes based upon real-time disease-activity assess-
ment [9-11]. As a result of this, patient preparation prior to IUS remains controversial
with no established consensus protocol. Fasting for 4 to 6 h before the examination has
been proposed to reduce excessive bowel gas and reduce gut motility, which can impede
bowel wall assessment, although a clear benefit of routine fasting is yet to be demon-
strated [12-15]. This ease of performance with minimal preparation makes it a highly ac-
ceptable method of small bowel imaging.

2.2. General Technique of Ultrasound

IUS scanning requires a systematic approach to ensure that all relevant segments of the
bowel are assessed. This approach is often operator dependent and varies according to the
clinical scenario. General principles recommend the initial use of a low frequency (3-5 MHz)
convex probe to obtain a general crude overview of the bowel, tracking from the sigmoid co-
lon through to the caecum or vice versa. Subsequent examination is performed using a mid-
range to high-frequency (>5 MHz) linear probe, which allows a more detailed assessment of
bowel wall thickness, doppler vascularity, and other markers of disease activity.

The terminal ileum is typically found in the right iliac fossa and should be traced as
far proximally as possible. Proximal segments of the small bowel are difficult to trace,
however probing the abdomen in parallel segments cranially and caudally may allow for
the detection of more proximal segments of the disease. A recommended IUS technique
has been published by the European Federation of Societies for Ultrasound in Medicine
and Biology (EFSUMB) [16].

2.3. Enhancement Techniques

Small intestine contrast ultrasound (SICUS) and contrast enhanced ultrasound
(CEUS) can be used when assessing for CD complications such as small bowel strictures
and for differentiating inflammatory from infective pathology [17-19]. SICUS typically
involves ingestion of oral macrogol contrast consisting of polyethylene glycol (PEG) (dose
ranging from 125 to 800 mL) dissolved in 250 mL of tap water with a median ingestion
time of 30 to 45 min prior to image acquisition [20].

CEUS relies on the intravenous administration of contrast typically consisting of
phospholipid-stabilised microbubbles filled with sulphur hexafluoride [20]. These mi-
crobubbles have characteristic enhancement patterns in patients with active CD and its
complications, which can be detected with IUS [21].

3. Findings and Accuracy of IUS in CD Activity Assessment
3.1. Accuracy in Small Bowel CD Activity Assessment

Expert centres generally find intestinal ultrasound to be highly sensitive and specific
for the assessment of disease activity in Crohn’s disease. In a large multicentre study, the
sensitivity and specificity of IUS in detecting small bowel CD were 92% (95% confidence
interval (CI), 84-96%) and 84% (95% CI, 65-94%) compared to a panel-derived reference
standard [22]. These results are similar to a previously performed systematic review in
which IUS demonstrated a sensitivity and specificity of 80% (95% CI, 72-88%) and 97%
(95% CI, 95-98%) for the diagnosis of suspected CD compared to a reference standard
including ileocolonoscopy, radiology, and histopathology [23]. Sensitivity improved to
89% (95% CI, 84-94%) for the initial assessment in established patients with CD and im-
proved further for ileal-specific disease to 93% (95% CL, 87-99%) [23].

In relation to determining the extent of small bowel CD, a recent study demonstrated a
sensitivity and specificity of 70% (95% CI, 62-78%) and 81% (95% CI 64-91%) with IUS,
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respectively, which was 10% (95% CI, 1-18%; p = 0-027) lower than the sensitivity of MRE for
assessing small bowel extent in CD [22]. Whilst IUS performed well in detecting small bowel
CD, MRE may be a better modality for determining the length of small bowel involvement in
patients with CD.

Disease activity is assessed through the measurement of sonographic parameters by
the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB).
The definitions of complication parameters in IUS are summarised in Table 1 and the pa-
rameters are outlined in the following sections.

Table 1. IUS definition of penetrating complications of CD from EFSUMB [24].

Stricture

Narrowing of the lumen (diameter <1 cm) with associated thickening of the regional bowel wall (>3 mm).

May be associated with prestenotic dilatation (lumen diameter >30 mm) with hyper peristalsis in the bowel proximal to the stricture.

Hypoechoic areas or tracts between ileal loops with or without internal gaseous artifacts.
Fistula Hypoechoic peri-intestinal tracts with or without gas within.
Hypoechoic peri-intestinal areas with a diameter <2cm.

Abscess

Hypoanechoic lesions containing fluid and gaseous artifacts.

May be associated with posterior enhancement and irregular margins sometimes within hypertrophic mesentery

3.2. Bowel Wall Thickness

Bowel wall thickness (BWT) is the most commonly utilised parameter to assess disease
activity with IUS [24]. It is measured as the distance from the interface between the serosa and
muscle proper to the interface between the mucosa and lumen layer [16]. ABWT value >3 mm
has shown a sensitivity and specificity of 89% and 96%, respectively in detecting active lu-
minal CD when referenced against ileocolonoscopy or histopathology [25]. Higher BWT
measurements > 4 mm have demonstrated a similar accuracy to >3 mm with a sensitivity of
87% and a specificity of 98% so either of these cut-offs are considered to represent active dis-
ease [25]. In addition, BWT has been shown to have good intraobserver concordance (« = 0.81
[0.69, 0.93]) [26]. Disruption of bowel wall stratification often occurs in conjunction with in-
creased BWT. Disruption of bowel wall stratification is often associated with bowel inflamma-
tion and has been associated with an increased need for future surgical resection [27,28].

3.3. Doppler Vascularity

Colour doppler signal (CDS) of the bowel wall is estimated and graded as part of
routine IUS assessment. In a normal bowel wall, doppler signal is absent, however in the
presence of inflammation, CDS has been shown to increase. A good correlation between
CDS and mucosal has been previously determined. Whilst multiple CD specific IUS indi-
ces incorporating CDS have been developed (see later section), the Limberg score is still
the most widely performed CDS in IUS (Table 2).

Table 2. Limberg score.

Grade  Parameter

0 No bowel wall thickening <4 mm, no vascularisation

1 Bowel wall thickening >4 mm, no vascularisation

2 Bowel wall thickening >4 mm with short stretches of vascularity

3 Bowel wall thickening >4 mm with long stretches of vascularity

4 Bowel wall thickening >4 mm with long stretches of vascularity reaching into the mesentery

3.4. Inflammatory Mesenteric Fat and Lymphadenopathy

Mesenteric fat and associated regional lymphadenopathy (=1 cm) can be seen around seg-
ments of inflamed bowel with IUS as increased hyperechogenicity. The presence of both inflamma-
tory mesenteric fat and regional lymphadenopathy is often associated with other abnormal param-
eters in IUS and can be associated with a peri-intestinal inflammatory process and be representative
of active CD [24,29]. Novel IUS indices of activity, including the recent IBUS-SAS (see Table 3) have
recognised the importance of inflammatory mesenteric fat changes and incorporated their presence
into activity-assessment scoring [30].
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Table 3. IUS indices of activity in CD.

Index Sm,d Yo Reference  Included Pa-  Segment Formula Power Fasting/Contrast
Design Index rameters Assessed
I
c BUSS >3.52 defined active disease
Allocca Colonos- AC :
BWT _ Sensitivity 83% (95% CI, 76-88%) I
[;Z;).’ilz] BUSS P 225 copé I;S)ES— BWE llj"g BUSS =0.75 x BWT + 1.65 x BWF Specificity 85% (95% CI, 73-93%) Nil/Nil
! sC AuROC of 0.86 (95% CI, 0.81-0.91)
Rec
PSB
I
BWT TI
Novak IBUS- ifat AC . Score 0-100 R
2021 [30] SAS P N/A N/A CDS AC IBUS-SAS =4 x BWT + 15 x i-fat + 7 x CDS + 4 x BWS Validation study in progress Nil/Nil
BWS TC
DC
SC
Svmmetr UCS >6 defined active disease
ymmetry AuROC of 0.98
Echogenicity of . o
the peribowel I Sensitivity 88%
. Colonos- P UCS = S1 (score for symmetry) + S2 (score for the echogenicity of peribowel fat) + S3 Specificity 96%
Liu 2020 fat RC . 8 h/1000 mL of 2.5%
Ucs R 66 copy (SES- _ . (Limberg score) + S4 (score for bowel wall layer structure) + S5 (score for the echo- PPV 94% . . .
[33] Limberg score TC . isotonic mannitol
CD) - genicity of the bowel walls) + S6 (score for BWT) NPV 91%
Echogenicity of ~ LC
Accuracy 92%,
the bowel wall . -
BWT Correlation coefficient between UCS and
SES: 0.90
TI SUS-CD to predict active endoscopic dis-
. P1-40 Colonos- RC ease
Sae"[lzkéozo sgg- P P2- copy (SES- i‘gg TC SUS-CD = BWT + CDS AuROC of 0.92 Nil/Nil
124 CD) LC Sensitivity 95%
Rec Specificity 70%
I
Pl Colonos- C SSS to predict active/inactive endoscopic
Novak 5SS P1-R 160 < (SES- BWT AC SSS = [0.0563 x BWT1] +[2.0047 xBWT2] + [3.0881 x BWT3] + [1.0204 x CDS1] + disease 8 /Nl
2017 [34] P2-P P1-63 OPéD CDS TC [1.5460 x CDS2] AuROC (P1) of 0.87
) DC AuROC (P2) of 0.84

Rec
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Endoscopy:
correlation coefficient of r = 0.709 (p <
C-108 S .01091)‘ 399
. ensitivity: 39%
Sasald LS It_gls- iiiss]iilfg];) BWT TI Limberg score Specificity 100% nil/nil
2014 [35] ogy- specimen CDS Accuracy 61%
b Histological specimen
Sensitivity: 65%
Specificity: 100%
Accuracy: 73%
. Kk=0.66 (p <0.05)
ZODJJ‘E;Z] LS 31 gz::gg i‘gg I Limberg score Sensitivity 95% Nil/nil
Specificity 69%
TI Endoscopic activity index correlated sig-
BWT C Categorical and sum per segment score nificantly with the US activity index (r =
BWS AC 0=BWT <3 mm and no CDI 0.884, p < 0.001)
Pascu 2004 PAS 61 Colonos- CDI TC 1=BWT 3-5 mm with increased CD], loss of compressibility and persevered BWS For CD Nil/nil
[37] copy Loss of com- DC 2 =BWT 5-8 mm, increased CDJ, loss of compressibility, washed out BWS Sensitivity 74%
e SC 3 =BWT >8 mm, increased CDI, loss of compressibility of BWS, peritoneal surface Specificity 97%
pressibility Rec thickening PPV: 9%6%
ANC NPV:79%
I
TI
Neye 2004 NYS » Colonos- BWT AC C NYS(Segmental) = BWT + CDS Per segment Nil/nil
[38] copy CDS TC NYS(global) = sum of all segments k= 0.75(0.56-0.94) —0.91(0.83-0.98)
DC
SC
Grading;: Grading predicted histological stenosis:
. . pathological bowel wall thickness with loss of stratification (hypoechoic echo pat- Sensitivity 100%
21545;‘[’;71] MS 3 i::,lﬁg g‘&g UK tern) Specificity 63% Nil/nil
pathological bowel wall thickness with stratification (stratified echo pattern) PPV 72%
co-existence of tracts with/without stratification (mixed echo pattern) NPV 100%

BUSS: bowel ultrasound score, SUS-CD: simple ultrasound score for Crohn’s disease, SES-CD: simplified endoscopy score for Crohn’s disease, IBUS-SAS: international
bowel ultrasound segmental activity score, SSS: simple sonographic score, US-LI: ultrasound Lehmann index, LS: Limberg score, UCS: ultrasound consolidated score,
NYS: Neye score, MS: Maconi Score, PAS: Pascu score, P: prospective, R: retrospective, P1: phase 1, P2: phase 2, TI: terminal ileum, I: ileum, C: caecum, AC: ascending
colon, TC: transverse colon, DC: descending colon, SC: sigmoid colon, PSB: proximal small bowel, RC: right colon, LC: left colon, UK: unknown, REC: rectum, ANC: anal
canal, BWT: bowel wall thickness, BWF: bowel wall flow, ifat: inflammatory fat, CDS: colour doppler signal, BWS: bowel wall stratification, SUS-CD: Simple ultrasound
score for Crohn’s disease, PPV: positive predictive value, NPV: negative predictive value, AuROC: area under receiver operator curve.
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3.5. Peristalsis

Peristalsis of small bowel loops is a normal finding with the absence of peristalsis
being a key differentiating feature between the small and large bowel. The absence or a
reduction of small bowel peristalsis is often an adjunct finding to small bowel thickening
and inflammation [39].

3.6. Strictures

In a systematic review of imaging assessment of small intestine strictures, IUS
showed sensitivity and specificity ranging between 80-100% and 63-75%, respectively, in
detecting strictures compared to surgical histopathological resection specimens [40]. SI-
CUS had an improved performance with sensitivity and specificity ranges 88-98% and
88-100% [40]. MRE performed better than IUS at small bowel stricture detection with sen-
sitivity and specificity ranges of 75-100% and 91-96% [40]. In a recent head-to-head study,
SICUS demonstrated a near perfect agreement (k = 0.85) with MRE in detecting stricture
number and location using a surgical resection specimen as the reference standard [41].
This highlights the potential capacity of enhanced techniques in bridging the gap between
IUS and conventional cross-sectional small-bowel imaging in detecting stricturing CD.

Differentiating between fibrotic and inflammatory strictures is difficult with IUS. A
systematic review and meta-analysis demonstrated that IUS including CEUS is inade-
quate at differentiating between fibrotic and inflammatory strictures [42].

3.7. Enteric Fistula and Abscess Detection

IUS can be used to identify both enteric fistula and abscesses. In a systematic review
where IUS was performed prior to surgery, the pooled sensitivity and specificity of IUS
in detection of enteric fistula was 74% (95% CI, 67-79%) and 95% (95% CI, 91-97%), re-
spectively [43]. Abscess detection with IUS had a sensitivity of 84% (95% ClI, 79-88%) and
a specificity of 93% (95% CI, 89-95%) compared to surgery. Both fistula and abscess de-
tection sensitivity with IUS was similar to that of MRE [43].

Contrast enhancement during IUS may further improve the identification of internal
fistulae and abscesses in patients with CD. In a study of 67 patients with CD, the sensitiv-
ity of SICUS for detecting fistulae was 88% and 100% for identifying abscesses compared
to surgical resection [41]. The concordance between SICUS and MRE was substantial for
fistula detection (« = 0.65) [41]. CEUS is particularly useful in differentiating between an
abscess and an inflammatory mass. When performing CEUS, inflammatory masses show
intralesional enhancement, while abscess enhancement is limited to the wall [21]. In a ret-
rospective study of 71 patients with an intraabdominal mass, the differentiation between
phlegmon and abscess with CEUS was comparable to cross-sectional imaging or surgical
and percutaneous drainage (x = 0.972) [18]. The overall sensitivity, specificity, and accu-
racy of CEUS for the diagnosis of abscess vs. phlegmon were 97%, 100%, and 98% [18]. In
clinical scenarios whereby cross-sectional imaging is contraindicated, CEUS represents an
attractive alternate to the detection and differentiation of intraabdominal masses related
to CD. Illustrated examples of abnormal IUS parameters are shown in Figure 1.



Gastrointest. Disord. 2022, 4 255

Transver:

Terminal lleum Terminal lleum

PROX lieum Lymph Node

(E) (F)
Figure 1. 43-year-old female with prior ileocolonic resection with CD recurrence at the anastomosis
and neoterminal ileum. (A) normal transverse colon, (B) anastomotic recurrence with increased
bowel wall thickening, (C) terminal ileum showing Limberg three colour doppler signal, (D) termi-
nal ileum wall thickening, (E) proximal small bowel wall thickening, (F) normal sized lymph node.

4. IUS Indices

Multiple IUS indices of CD activity assessment have been developed primarily for
standardisation of assessments when used for clinical trials [44,45]. A summary of the
developed IUS indices is provided in Table 3. The original IUS CD activity index devel-
oped by Limberg et al. used a composite of BWT and CDS. In a retrospective study of 32
patients, the Limberg score was correlated against a reference standard of ileal histology
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and was determined to have a significant (p < 0.05) association with active disease (x =
0.66; sensitivity 95%; specificity 69%) [36]. In a subsequent retrospective analysis of 108
patients a good correlation between the simplified endoscopic score (SES)-CD and the
IUS-based Limberg score was observed (P = 0.709, p < 0.001) [35]. Furthermore, in 22 pa-
tients a significant (p = 0.005) difference between active and nonactive surgical histopatho-
logical resection specimens and the Limberg score was observed [35].

Subsequent IUS indices have been developed primarily utilising BWT and CDS as
the assessed parameters with few including other sonographic parameters such as bowel
wall stratification, inflammatory fat, and the presence of lymph nodes [31,34,38]. More
recently, an expert consensus group from the International Bowel Ultrasound Group
(IBUS) developed the IBUS-segmental activity score (IBUS-SAS) [30]. This novel IUS ac-
tivity index utilises a composite BWT, inflammatory fat, CDS, and bowel wall stratifica-
tion with a multicentre international validation study in progress.

A key limitation of the current scores is the lack of external validation as well as sig-
nificant concerns relating to the external validity of the parameters used. Expert consensus
statements pertaining to the use IUS scoring in luminal CD have been published [46]. Of
the currently developed IUS indices assessed, none were found to be appropriate for use
in luminal CD. BWT increased bowel wall vascularity, loss of bowel wall stratification,
and mesenteric inflammatory fat were identified as ideal components of future IUS CD
activity indices [46]. In the future, IUS activity indices could represent a logical way in
standardising reporting. Further studies are still needed to validate current IUS activity
assessment scores in CD and determine its accuracy outside of trial settings.

5. Response to Therapy and Monitoring

Whilst endoscopic assessment for mucosal healing (MH) remains the gold standard
in disease-activity assessment for Crohn’s disease, IUS has also demonstrated efficacy in
assessing response to therapy [47]. A key limitation in studies grading IUS response pa-
rameters is the heterogeneity of defining sonographic responses to treatment [48]. More
recently, an expert consensus statement defined a sonographic response in CD as a reduc-
tion of BWT >25% of baseline or >2 mm or >1.0 mm and one CDS reduction [48].

The correlation between IUS disease-activity response and other measures of disease
activity was evaluated in a cohort of 234 patients with active CD receiving therapies, in-
cluding steroids, immunomodulators, and biological agents [49]. At 3 and 12 months, all
assessed IUS parameters including BWT, fibrofatty proliferation and CDS showed signif-
icant reductions following the initiation of therapy (p < 0.01 for all parameters at months
3 and 12). The improvement in BWT correlated with the normalisation of the C-reactive
protein after 3 months (p < 0.001) [49], and a reduction in the Harvey Bradshaw index
(HBI) also correlated with the reduction in BWT [49]. Sonographic response may also as-
sist in the early detection of response to therapy and therefore allow changes in treatment
earlier in the course of therapy. In a study of 52 patients with CD initiating antitumour
necrosis factor (TNF) therapy, early sonographic response after 12 weeks of therapy was
more likely to result in sonographic improvement at 52 weeks compared to individuals
who did not achieve a week 12 response (85% vs. 28%; p <0.0001). The lack of sonographic
improvement at 52 weeks was more likely to result in change or dose escalation in therapy
or surgical requirement (65% vs. 11%) [50].

Another potential advantage of IUS over ileocolonoscopy is the ability to assess for
transmural healing (TH) in CD assessment. In a study of 133 patients with CD, TH as-
sessed with IUS and MH assessed through endoscopy (SES-CD) showed a good correla-
tion (x = 0.63; p < 0.001) [51]. More patients achieved MH compared with TH, though this
was not statistically significant (38% vs. 25%) [51]. The achievement of TH may be partic-
ularly relevant as a treatment target as it has been shown to independently predict steroid-
free clinical remission (odds ratio (OR), 52.6; p <0.001), drug escalation (OR, 0.1; p =0.002),
and hospitalisation (OR, 0.05; p = 0.005) in patients with CD [52].
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CEUS and SICUS are useful modalities to assess CD response [53,54] to therapy. In a
study of 30 patients with active CD on therapy, CEUS had a good correlation with endos-
copy in demonstrating disease remission (x = 0.73, p < 0.001) [54]. In a recent study of
patients with CD receiving anti-TNF therapy, the CEUS parameters response was higher
in those with clinical and endoscopic responses compared to nonresponders [55]. Moreo-
ver, the response to therapy detected with SICUS has been associated with better long-
term outcomes, including reduced need for surgery and corticosteroid use [53]. With
STRIDE-2 guidelines now recommending more frequent CD activity assessment, IUS pre-
sents a feasible alternative to alternative modalities such as MRE and ileocolonoscopy.
Furthermore, there is emerging evidence that TH through IUS assessment may be a better
treatment target than MH though long-term follow-up studies in this setting are needed
[56]. Both SICUS and CEUS have a significant capacity in monitoring response to therapy
in CD though further studies are needed.

6. Postoperative Recurrence

Whilst ileocolonoscopy remains the gold standard of assessment in postoperative
CD, IUS is an appealing noninvasive surrogate modality allowing for close follow-up [3].
The thickness of the bowel wall at the anastomosis has been demonstrated to correlate
closely to degree of endoscopic recurrence (based on the Rutgeerts score) [57,58]. In a pro-
spective cohort of 45 patients one year after ileocolonic resection, a BWT >3 mm showed
a sensitivity and specificity of 79% and 95%, respectively, for mild endoscopic recurrence
of CD (Rutgeerts i1-2) [59]. A receiver operative curve (ROC) analysis, BWT >5 mm
showed sensitivity and specificity of 94% and 100%, respectively, in discriminating severe
endoscopic recurrence (Rutgeerts i3-4) with an excellent agreement with endoscopy (x =
0.90) [59]. A subsequent meta-analysis demonstrated a pooled sensitivity and specificity
of 94% (95% CI, 86-97%) and 84% (95% CI, 62-94%; diagnostic accuracy 90%) in determin-
ing postoperative CD recurrence compared with ileocolonoscopy [60]. An anastomosis
BWT of >5.5 mm demonstrated a sensitivity of 84% (95% CI, 74-91%) and a specificity of
98% (95% CI, 93-99%) in predicting severe endoscopic recurrence (Rugeerts i3-4) [60].

The use of intravenous and oral contrast enhanced IUS in postoperative CD has been
studied extensively [58,60-63]. In the largest prospective study of 72 patients, a BWT >3
mm with SICUS correlated moderately with an endoscopic Rutgeerts’ score (p = 0.0001, r
= 0.67) [58]. SICUS showed a sensitivity and specificity of 93% and 20%, respectively, for
detecting CD recurrence [58]. In a subsequent, meta-analysis the pooled sensitivity and
specificity was 99% (95% CI, 99%-100%) and 74% (95% ClI, 73-74%), respectively, for SI-
CUS in demonstrating postoperative CD recurrence [60].

The use of CEUS to improve the detection of postoperative CD has had varying re-
sults and may be less important with modern equipment [61,62]. In early studies, CEUS
had better sensitivity for detecting endoscopic recurrence than conventional IUS (98% vs.
90%) [62]. However, more recent studies suggest that adding CEUS does not improve the
detection of postoperative recurrence compared to standard IUS at 6 months postresection
[64]. Furthermore, CEUS showed the same sensitivity (90%) and specificity (87%) as a
BWT >6 mm in detecting severe endoscopic recurrence (Rutgeerts i3-4) [61]. Larger ran-
domised studies are required to determine whether diagnostic accuracy is improved with
CEUS compared to standard IUS or SICUS in postoperative CD recurrence.

Despite advances in postoperative CD assessment with IUS, guidelines still recom-
mend endoscopy within 6-12 months of surgery, though with growing centres of exper-
tise, IUS or potentially CEUS could be used as an alternative noninvasive modality of as-
sessment in this setting although further evidence is needed to support this approach [3].
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7. Novel Areas of Utility
7.1. Sonoelastography

Sonoelastography is a diagnostic ultrasound technique that measures tissue elasticity
and stiffness and may have utility in discriminating fibrosis from inflammation. Strain
and shear-wave elastography (SWE) have been studied in fibrosis detection for IUS [65].
Strain elastography requires repeated probe pressure on the abdominal wall to determine
a strain ratio. SWE mitigates the need for repeated probe pressure and measures tissue
elasticity in kilopascals (kPa).

In a pilot study of 23 patients with CD, strain elastography, measured as a strain ratio
had an excellent discriminatory ability for severe bowel fibrosis (AuROC: 0.917; 95% CI
interval, 0.79-1.00) compared to a surgical resection as the reference standard with higher
strain ratios seen in more severe grades of fibrosis [66]. SWE performance was determined
in a cohort of 35 patients undergoing surgical resection, with higher SWE values seen in
severe grades of fibrosis [67]. Using 22.55 KPa as a cut-off level, SWE had an excellent
capacity in discriminating between mild or moderate and severe fibrosis (AuROC: 0.81 p
= 0.002, sensitivity 70%, specificity 92%) compared to a surgical resection sample as the
reference standard [67]. In this study, SWE was unable to differentiate between grades of
inflammatory strictures, potentially limiting its use to fibrotic disease only [67].

In a recent meta-analysis inclusive of six studies, SWE and strain elastography were
demonstrated to be potentially useful markers in CD-related fibrosis detection [65]. The
pooled standardised mean strain ratio was significantly higher in bowel segments with
fibrotic strictures than in those without fibrotic strictures with a standardised mean dif-
ference of 0.85 (95% CI, 0-1.71; p = 0.05) [65]. The pooled standardised mean strain value
was higher in bowel segments with fibrotic strictures than in those without fibrotic stric-
tures, but did not reach statistical significance with a mean difference of 1.0 (95% CI, -0.11-
2.10; p =0.08) [65]. The meta-analysis had significant weaknesses due to the limited patient
numbers and high heterogeneity between the performed studies. Sonoelastography is
clearly an emerging imaging sonographic tool in determining bowel fibrosis, but further
studies are needed to determine its true capacity in this setting.

7.2. Pregnancy

The sonographic evaluation of CD in pregnancy has received growing attention [68—
70]. Compared to alternative assessment modalities such as MRE and endoscopy, IUS has
advantages such as the lack of intravenous contrast or procedural risks associated with
endoscopy. IUS has demonstrated a moderate to strong correlation with clinical activity
(r=0.60, p<0.0001) in pregnant patients with IBD though feasibility appears to be reduced
from the third trimester onwards (first vs. third trimester: 91% vs. 22%, p < 0.0001) [68].
Adequate ileal assessment has been seen in as low as 59% of pregnant patients with IBD
beyond 20 weeks’ gestation compared to 91% prior to week 20 [69]. In the largest study of
IUS in pregnant patients with IBD, Flanagan et al. demonstrated a weak positive correla-
tion between bowel wall thickness and calprotectin (r = 0.26, p = 0.03) [69]. The overall
accuracy of IUS in pregnant women with IBD showed a specificity of 83%, sensitivity of
74%, and a negative predictive value of 90% compared to faecal calprotectin [69]. Signifi-
cant challenges of IUS validation in pregnant CD patients will continue to remain due to
the inability to correlate sonographic findings with the gold standard of ileocolonoscopy
in the pregnant IBD cohort. Further studies are required to determine the accuracy of IUS
in pregnant patients with CD.

8. Limitations of IUS

Sonographic assessment of CD is subject to a number of patient and procedural lim-
itations that can impact activity assessment. Assessment of the small bowel is largely lim-
ited to the terminal ileum with the length of disease as well as segments of the mid and
proximal small bowel better assessed with MRE [22]. Accurate rectal assessment can also
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be challenging given its position posterior to the bladder when performing trans-
abdominal IUS [71]. Patient-related limitations can be seen in obese patients where assess-
ment with the high-frequency linear probe is limited due to its inability to penetrate to
deeper bowel segments [71]. This could potentially be overcome through the use of a
lower-frequency convex probe at the sacrifice of image quality.

9. Conclusions

IUS has advantages in the assessment of CD compared to other modalities such as
MRE, CTE, and ileocolonoscopy. Furthermore, IUS has been established to accurately as-
sess small bowel disease activity with several meta-analyses now demonstrating the ac-
curacy of IUS in this setting. Additionally, use in the assessment of pregnant patients with
CD, in whom radiologic assessment is limited to noncontrast MRE. Whilst, many have
been developed, few have been validated, thus limiting their role to research settings.
With an increasing number of IUS being performed worldwide, IUS is likely to continue
to increase in use in CD and thus standardisation of reporting using IUS activity indices
should be a focus in future studies.
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