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1. Introduction

Advances in the field of therapeutics in inflammatory bowel disease (IBD) have raised the expectation
of what could be achieved through medical treatment. In the era of ‘treat to target’ approach, objective
criteria of disease activity are researched and implemented to guide clinical decision to achieve the
target. Mucosal healing (MH) is the current target of medical management of IBD and was proven to
decrease clinical relapse rate, hospitalization and surgery (Peyrin-Biroulet et al., 2015; Stenczel et al.,
2021).

The benefit of endoscopic evaluation of the mucosa is that it can be performed by the treating
physician, who can then use the endoscopic evaluation to make prompt changes to medical treatment.
However, Endoscopic examination of the mucosa is invasive, expensive, and carries some risk.
Moreover, due to issues regarding cost and accessibility colonoscopy is not performed with the same
frequency recommended by STRIDE (Selecting Therapeutic Targets in Inflammatory Bowel Disease)
(Peyrin-Biroulet et al., 2015). These issues, together with the rising global and regional burden of
IBD, have increased the importance of imaging and noninvasive markers as a diagnostic and
monitoring tool for intestinal inflammation (Mosli et al., 2021; GIBD, 2020).

Intestinal ultrasound (1US), usually performed by gastroenterologists as a point-of-care examination,
is a radiation-free, non-invasive, well tolerated, cost-effective, easily accessible, accurate and
reproducible imaging technique, and allows transmural assessment of the bowel wall (Alloca et al.,
2021). However, IUS until recently has only been practiced by gastroenterologists in few countries
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around the world and several recommendations have been published on its use (Christian et al., 2022).
It is often seen as an operator dependent technique with limited clinical utility (Maaser et al., 2020).
However, operator dependency in not limited to ultrasound and every diagnostic modality is prone to
a degree of subjectivity and operator-dependency, and this criticism is likely to reflect previous lack
of performance guidelines and standardized training in IUS (Atkinson et al., 2016). Data on the
accuracy and the advantages and disadvantages of 1US in IBD compared with other imaging
techniques and endoscopy have been extensively reviewed, however guidelines for incorporation of
IUS into clinical practice are not widely available. Moreover, 1US can be used in a variety of clinical
settings and the level of evidence for its use needs to be demonstrated compared to other imaging
modalities and endoscope (Bryant et al., 2018).

The use of 1US in ulcerative colitis (UC) is often questioned. This is because UC is essentially a
mucosal disease, with its involvement starting distally in the rectum, easily reachable by
sigmoidoscope. However, several recent studies showed significant 1US findings in UC with bowel
wall thickness (BWT) to be the most relevant measure (Christian et al., 2022).

Role of intestinal ultrasound in detection and diagnosis of UC

The findings on conventional 1US in patients with UC can be equivalent to those described in cases of
Crohn's disease, acute infective colitis, ischemic colitis, radiation colitis, diverticular disease, and
malignancy, according to the findings of various studies investigating mixed cohorts (Smith et al.,
2020).

Although several of the HCS investigations suggested that bowel wall thickening was less pronounced
in UC than in Crohn's disease, it is crucial to understand that BWT changes according to the severity
of the disease. There are no particular criteria on IUS to warrant its use alone to distinguish UC from
other bowel disorders, even if it may be able to show pathological abnormalities within the colon,
which may prompt an early study with a colonoscopy. Additionally, ultrasound alterations in mild
disease may be modest, and UC may still be present despite a negative IUS test. The two main
diagnostic procedures continue to be colonoscopy and histopathology. In addition, when compared to
other inflammatory bowel diseases, the use of extended procedures during regular examinations, such
as HCS and the hemodynamic assessment of the abdominal vessels, would not yield a definitive
diagnosis of UC. Additionally, these tests either necessitate additional preparation or are susceptible
to physiological change without providing any discernible benefits, as shown, in particular, by the
equivalent sensitivity and specificity of HCS to the usual 1US test (Smith et al., 2020).

Defining disease extent:

Numerous studies have compared the accuracy of traditional 1US to other methods and modalities for
determining the extent of disease. The majority employed histopathological or endoscopic evaluation
as the standard for assessing the severity of disease in both active and inactive UC (10). The studies'
methods for identifying disease varied; some employed a BWT >4 mm. (Antonelli et al., 2011) and
others BWT >3 mm, (Pradel et al., 1997, Pascu et al., 2004, Allocca et al., 2018). BWT and
evaluation of the intestinal wall layers were two sonographic findings that Kinoshita et al. used to
grade the severity of the disease (Kinoshita et al., 2019).

IUS was observed to have an accuracy range of 88.5 to 95% when compared to endoscopy, with a
sensitivity and specificity of 95% and 96%, respectively. One study showed perfect agreement
between 1US and endoscopic results, and another showed a strong correlation (r = 0.660) between the
two (Smith et al., 2020).

Correlation with endoscopic severity and other disease markers

Studies comparing conventional 1US to endoscopic severity and/or degree of biochemical or clinical
activity of UC patients are significantly heterogenous. This includes varying spectra of disease
severity in the various study cohorts and various measures of BWT to detect abnormality. The
majority of studies, but not all, also included other sonographic measurements, such as color Doppler
signal, wall stratification, haustration patterns, compressibility, and extraluminal characteristics. To
rate the grade of IUS findings, some authors suggested various ranking systems (Smith et al., 2020).
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The scoring system developed using BWT, color Doppler signal, compressibility, and wall
stratification had the strongest correlation with the Endoscopic Activity Index [EAI], a modified score
based on the Baron score, in the study by Pascu et al. (2004) [r = 0.974, p .001]

Different IUS measurements and inflammatory indicators, such as erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP), were positively correlated in several studies (Antonelly et al.,
2011). In one study, FC and ultrasonography results were used to determine disease activity in using
endoscopy as a reference standard. A BWT >3 mm or faecal calprotectin >101 pg/g showed a 100%
sensitivity and 53% specificity for endoscopic activity, while the two tests together gave an 84%
sensitivity and 93% specificity (Smith et al., 2020).

Intestinal ultrasound scores for disease activity

In order to assess the disease activity in UC patients, a number of sonographic scoring systems have
been proposed, some of which include variables in addition to BWT. Tissue elastography was utilized
in one investigation to create a sonographic score for UC. The more accurate UC rating scores have
shown variable but adequate sensitivity, specificity, and association with endoscopic severity, clinical,
and biochemical evaluation (Smith et al., 2020).

Fifty-three UC patients were included in a prospective observational study by Allocca et al., who
found a correlation between endoscopic disease activity and BWT > 3 mm, hypoechogenicity, a
signal on power Doppler, and lymphadenopathy. Based on them, a score was developed consisting of
BWT > 3 mm + colonic wall vascularity or flow, or BWT > 4.43 mm alone without vascular signal.
This score exhibited a high inter-observer agreement (k = 0.86) and had a sensitivity of 0.71 and a
specificity of 1.00 in determining disease activity (Allocca et al., 2018).

In a group of 98 UC patients, it was recently validated as the "Milan ultrasound criteria (MUC)”. The
Mayo Endoscopic Score (MES) and MUC had a significant correlation at baseline (p = 0.653; p
0.001), Additionally, patients with a baseline MUC 6.2 had a significantly decreased cumulative
likelihood of therapy escalation, needing corticosteroids, hospitalization, and colectomy than those
with a baseline MUC > 6.2 (HR: 3.87, 95% CI: 2.25-6.64, p 0.001) (Alloca et al., 2018).

Similar to this, Bots et al. created and internally validated a novel score for assessing disease activity
using endoscopy and MES in 60 patients with UC. According to this index, a BWT > 2.1 mm
separated between mild endoscopic activity (Mayo 1) and remission (Mayo 0), a cut-off of 3.2 mm
distinguished between mild and moderate endoscopic activity (Mayo 0-1 vs. Mayo 2-3), and,
ultimately, a BWT > 3.9 mm was associated with severe endoscopic activity. Additional factors that
predicted disease activity were an increased color Doppler signal and a lack of haustrations.
Additionally, fat wrapping was a sign of severe activity (Bots et al., 2021).

Response to therapy and prognosis:

IUS is a potentially valuable tool for patient monitoring because of its non-invasive nature.
several studies assessed various 1US grading systems and measures to determine how well patients
responded to various treatments. The sole study that came to negative conclusions was a 1984 case
series involving five patients. Following a follow-up period of 2-4 months, there was no evidence of a
change in BWT. The most recent studies, however, support the use of IUS in determining treatment
response (Smith et al., 2020).

Clinical response and normalization of BWT displayed a strong correlation in the multicenter TRUST
and UC trial, which involved 42 German IBD centers and prospectively assessed 1US response in 224
UC patients with a clinical flare needing medicinal therapy. The percentage of individuals with an
elevated BWT at baseline in the sigmoid and descending colon reduced dramatically at week 2 after
initiating an anti-inflammatory medication and remained low at weeks 6 and 12 (Maaser et al., 2020).

Recently, de voogd et al., found that IUS was responsive to improvement in endoscopic activity
following 8 weeks of tofacitinib treatment in patient with to moderate to severe endoscopic activity.
BWT correlated with endoscopic mayo sub score (p = 0.68, P < .0001), UC endoscopic index for
severity (p =0.73, P <.0001) and Robarts Histopathologic Index (p = 0.49, P = .002) at both baseline
and follow up (de VVoogd et al., 2022).
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In another recent study, using MUC in UC patients starting biological treatment, alloca et al., showed
that improvement in 1US performed 12 weeks after staring treatment is predictive of achievement of
mucosal healing at 1 year (Mayo < 1, OR 5.80, p=0.010 (Alloca et al., 2023).

4. Conclusion

To summarize, 1US can be seen as a more beneficial investigational technique than other imaging
modalities and endoscopy due to its non-invasive nature, convenience of use, and lack of radiation
exposure, A growing body of research supports IUS examinations conducted by gastroenterologists as
an addition to normal clinical examinations in IBD patients. IUS has been shown to have advantages
in UC diagnosis, disease severity assessment, disease extent delineation, and therapy response
prediction. Extensions of the regular examination appear to offer minimal advantage over the
traditional 1US examination, according to this systematic evaluation of the evidence. The extended
techniques discussed call for additional preparation or may be vulnerable to physiological change
without a documented benefit for diagnosis. HCS and the evaluation of the hemodynamic vessels
don't seem to be very viable at this point or to offer any distinct advantages above standard evaluation.
In contrast to standard color Doppler examination, contrast-enhanced ultrasonographic assessment
seeks to provide a measurable assessment of vascularity. However, the limited patient populations
evaluated and the absence of agreed measurements or key measures that correlate with the activity of
the UC disease and response to medication suggest that this technique is still experimental and does
not yet appear to offer any distinct clinical advantages (Smith et al., 2020).
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