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Introduction

Endoscopic ultrasound (EUS) is a rapidly evolving radiographic
technique with a variety of diagnostic and therapeutic indications [1].
It has many uses, but is frequently used to assist with the management
of common pancreaticobiliary disorders such as choledocholithiasis
and pancreatic pseudo cysts, and to stage gastrointestinal lesions. EUS
is being used to stage both intra and extra luminal cancers of the
esophagus, stomach, and colon. EUS is also being used in the setting of
upper gastrointestinal bleeding to target the culprit blood vessel and
administer therapy [2]. EUS is also becoming increasingly useful in
patients with inflammatory bowel disease (IBD) [3]. The role of EUS in
patients with IBD has been explored in several small studies [4-9].
Such studies have investigated the utility of EUS as a method of
distinguishing Crohn’s disease (CD) from ulcerative colitis (UC) as
well as assessing perianal disease. In this review, we will discuss the
current evidence pertaining to EUS in IBD and possible future
directions where EUS may be utilized both for diagnostic and
therapeutic indications.

Differentiating Crohn’s Disease and Ulcerative Colitis

The diagnosis of IBD is generally made based upon endoscopic,
pathologic, and/or radiologic investigations. Most patients can be
correctly categorized into CD or UC based upon this information.
However, in approximately 10-15% of IBD patients, the precise
diagnosis is unclear and can create uncertainty when it comes to
providing certain medical and surgical treatment options [10]. Only
one study to date has examined the utility of EUS in helping to clarify
the diagnosis of IBD. In a prospective study of 52 patients with active
IBD, Ellrichmann demonstrated the ability of EUS to differentiate
between the type of IBD by identifying the relative involvement of
mucosal and submucosal layers as well as adjacent lymphadenopathy
[6]. Each patient underwent endoscopic biopsies in addition to a
forward-viewing radial EUS of the mid-sigmoid colon. In patients with
UC, the mucosal thickness was increased while the submucosa and
muscularis propria were of normal thickness. Conversely, patients with
CD had significant thickening only of the submucosal layer. Moreover,
paracolonic lymph nodes were identified in the majority of patients
with active CD while lymph nodes were not identified in patients with
UC (Table 1). While this study lends support to the use of EUS at
distinguishing CD from UC based upon wall thickness measures of
various layers, it remains unclear whether similar distinctions can be
made in patients with indeterminate colitis.

Type of IBD Mucosal Submucosal Paracolonic

yp thickness thickness lymphadenopathy

’, i 0,

Crohn’s 132+017mm | 2.01£0.22mm | Lresent in 73% of
Disease patients
Ulcerative 2084011 mm | 1.01+0.08mm | Not present in any
colitis patients
Difference P=0.0001 P=0.0001 -

Table 1: Ellrichmann study comparing patients with CD and UC based
upon mucosal thickening, submucosal thickening, and paracolonic
lymphadenopathy as seen on mid-sigmoid colon using forward-
viewing radial EUS.

Assessing Disease Activity

EUS may be used to assess disease activity in IBD, thereby guiding
treatment decisions and monitoring response to treatment.
Ellrichmann demonstrated significantly greater wall thickness in
patients with active CD or UC (3.51 mm, 95% confidence interval [CI]
2.36-2.66 mm) compared to patients with CD or UC who were in
remission (1.76 mm, 95% CI 1.74-1.78 mm). Notably, total wall
thickness and histological inflammation on biopsies were strongly
correlated (r=0.43 for UC, r=0.69 for CD) [6]. In another prospective
study, Tsuga performed EUS in the rectum of 72 patients with
documented UC and compared them to 36 healthy controls. Tsuga
confirmed that total wall thickness was highly predictive for acute
inflammation in patients with UC compared to healthy controls and
that the degree of rectal wall involvement correlated with endoscopic
severity [11]. A scoring system was developed to better characterize
disease activity in the rectum in patients with UC (Table 2). This
scoring system allows for more objective descriptions of the rectum
and promotes more objective definitions of disease activity (Figures 1
and 2).

In a prospective study of 23 patients with quiescent UC as defined
by clinical symptoms and endoscopic findings, Higaki performed a
baseline rectal EUS to determine wall thickness [12]. All patients were
maintained on medical therapy (either sulfasalazine 2 g/day or 5-
aminosalicylic acid 1.5 g/day and were followed for 1 year to monitor
for signs of clinical or endoscopic relapse. Higaki et al. identified 8
patients who relapsed during this time, while the remainder of patients
were in remission. Interestingly, the patients who relapsed during the
first year had significantly greater rectal wall thickening of the first 3
layers seen on their baseline EUS (2.73 mm, 95% CI 2.13-3.33 mm)
compared to those patients who remained in remission (1.79 mm, 95%
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CI 1.56-1.99 mm; P=0.0001). This study provides evidence that EUS
may be able to identify patients with UC who are more likely to relapse
and therefore warrant more aggressive treatment and/or monitoring.

Mucosa-submucosa Submucosa-
Score Wall thickening muscularis propria
border
border
| Absent Smooth Smooth
1l Present Smooth Smooth
llla Present Irregular Smooth
lllb Present Irregular Irregular
IVa Present Blurred Smooth
Vb Present Blurred Irregular
Table 2: Scoring system developed by Tsuga et al. to describe

ultrasound findings in patients with active UC.

The diagnosis of IBD is generally made based upon endoscopic,
pathologic, and/or radiologic investigations. Most patients can be
correctly categorized into CD or UC based upon this information.
However, in approximately 10-15% of IBD patients, the precise
diagnosis is unclear and can create uncertainty when it comes to
providing certain medical and surgical treatment options [10]. Only
one study to date has examined the utility of EUS in helping to clarify
the diagnosis of IBD. In a prospective study of 52 patients with active
IBD, Ellrichmann demonstrated the ability of EUS to differentiate
between the type of IBD by identifying the relative involvement of
mucosal and submucosal layers as well as adjacent lymphadenopathy
[6]. Each patient underwent endoscopic biopsies in addition to a
forward-viewing radial EUS of the mid-sigmoid colon. In patients with
UC, the mucosal thickness was increased while the submucosa and
muscularis propria were of normal thickness. Conversely, patients with
CD had significant thickening only of the submucosal layer. Moreover,
paracolonic lymph nodes were identified in the majority of patients
with active CD while lymph nodes were not identified in patients with
UC (Table 1). While this study lends support to the use of EUS at
distinguishing CD from UC based upon wall thickness measures of
various layers, it remains unclear whether similar distinctions can be
made in patients with UC who are more likely to relapse and therefore
warrant more aggressive treatment and/or monitoring.

In an elegant study performed both in vitro and in vivo, Yoshizawa
further delineated the role of EUS in identifying the depth of
inflammation in patients with UC [13]. In vitro, they demonstrated
that the degree of vertical spread of intestinal inflammation as seen on
EUS correlated to histopathological findings in 90% of cases studied
(45 of 50 specimens). More specifically, the concordance rate was 95%
for inflammation in the submucosa, 83% for inflammation extending
to the muscularis propria, and 100% for inflammation extending to the
subserosa. Moreover, the concordance rate was higher for sites with
open ulcers (100%, 21/21) compared to sites with ulcer scars (83%,
24/29; P=0.045). Yoshizawa explained that the imperfect concordance
was related to the imperfect sensitivity of EUS to identify localized
inflammation deep in the intestinal wall. As part of the in vivo study,
Yoshizawa studied 42 patients with UC and demonstrated that the
depth of inflammation as seen on EUS was correlated with clinical
severity. In 27 patients whereby EUS identified inflammation only to
the submucosa, clinical severity was deemed mild to moderate in 24

patients (89%) and severe in 3 patients (11%). Conversely, in 15
patients whereby EUS identified inflammation extending to the
muscularis propria or deeper, clinical severity was deemed severe in 7
patients (47%). Importantly, of these 15 patients with more extensive
inflammation, 10 (67%) required colectomy while only 5 (19%)
responded to induction therapy. EUS may therefore play a role in
predicting clinical outcomes and guiding disease management.th
indeterminate colitis.

In the largest observational study to date involving 200 patients with
UC, Hurlstone correlated EUS scores with histopathology as well as
endoscopic and clinical scores [14]. Hurlstone demonstrated that
findings on EUS taken throughout the colon did correlate with
endoscopic, clinical, and histopathologic scoring systems (kappa values
ranging from 0.48-0.78). Lastly, a large prospective study of 67 patients
with UC and 46 patients with CD evaluated the utility of contrast-
enhanced trans abdominal ultrasound in evaluating disease activity
[15]. Overall, Socaciu found that contrast-enhanced abdominal
ultrasound correlated slightly better with endoscopic disease activity
than clinical scoring systems alone and therefore represents a
potentially non-invasive way to monitor disease in these patients.
Unfortunately, there are no studies to compare EUS-guided images and
trans abdominally obtained images to determine which is more
effective at guiding treatment. Furthermore, one limitation for most of
the aforementioned studies is the lack of blinding to clinical and
endoscopic information while performing the EUS, which may have
biased some of the results.
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Figure 1: Radial EUS of rectum in a patient with UC demonstrating
increased total wall thickness with smooth borders between mucosa
and submucosa, and between submucosa and muscularis propria
corresponding to a Tsuga Score of 2.
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Figure 2: Radial EUS of rectum in a patient with UC demonstrating
increased total wall thickness, blurred border between mucosa and
submucosa, and irregular border between submucosa and
muscularis propria corresponding to a Tsuga Score of 4b.

Perianal Disease

Recent guidelines for the diagnosis of fistulizing perianal Crohn’s
disease recommend the use of high resolution MRI or EUS for disease
assessment [16]. While data for the use of MRI and EUA (exam under
anesthesia) in the diagnosis of perianal disease more robust, small
studies have shown excellent diagnostic accuracy of EUS in perianal
disease, as well as its potential role in guiding medical management. A
prospective study by Schwartz randomized thirty-four patients with
CD for evaluation of perianal disease with EUS, MRI or EUA. EUS and
EUA demonstrated the highest accuracy for detecting fistula anatomy
at 91% (91%, CI 75%-98%), followed by MRI, which was 87% accurate
(CI 69%-96%) When pelvic MRI or rectal EUS was combined with
surgical evaluation, accuracy increased to 100% [9]. Another
prospective study by Spradlin attempted to use EUS to help guide
therapy for the treatment of perianal CD. Patients randomized to the
EUS group had their medical and surgical management guided by
results of EUS at 22 and 38 weeks, with cessation of drainage as the
primary outcome. Patients in the control group had EUS when
enrolled, as well as at completion of the study. Decisions regarding care
of the control group was at the discretion of the surgeon. [8]. While the
sample size of the study was small (ten patients), the intervention
group showed a trend towards earlier closure of fistulas. Wiese
randomized twenty-four patients with perianal Crohns disease to
serial EUS with standard versus standard care alone. Medical
treatment was escalated in the EUS group if the fistulas did not
demonstrate improvement or had increased in size. Patients in the EUS
groups demonstrated higher rate of drainage cessation at 24 weeks, but
this was lost at 48 weeks. While still not routinely used, it is foreseeable
that EUS will be added to the armamentarium of imaging tools
available to the gastroenterologist in the management of perianal
disease.

Characterization of Dysplastic Lesions

Another role for EUS is the evaluation of potentially dysplastic
mucosal lesions. Current guidelines suggest that patients with chronic

UC undergo dysplasia surveillance, which should be performed using
either chromoendosocopy or multiple random biopsies [17]. Patients
with high-grade dysplasia are often referred for colectomy, and if there
is an endoscopically visible lesion, an attempt at endoscopic mucosal
resection may be considered. Decisions surrounding the management
of low-grade dysplasia can be more challenging. The most recent
guidelines released by the European Crohn’s and Colitis Organization
suggest a multidisciplinary, detailed team discussion to determine if
the vpatient should proceed with a colectomy or repeat
chromoendosocopy with additional random biopsies within 3 months
[18]. While it is not recommended in guidelines, EUS may be able to
accurately detect depth of invasion, and subsequently better inform
these decisions. A prospective study of 13 patients demonstrated good
correlation between EUS estimation of the deepest layer of invasion
compared with histopathologic depth [5]. After determining the depth
of invasion using EUS, the tumours were removed using EMR or
colectomy. EUS was able to accurately predict the depth of invasion in
15 of the 16 tumours. This study suggests EUS might be able to assist
with the often difficult decision of whether or not to attempt removal
of the dysplastic lesion with EMR, or send for a definitive colectomy.
Nonetheless, the utility of this approach is not well understood and
should be used cautiously.

Future Directions

As the field of diagnostic and therapeutic EUS continues to evolve,
its utility in patients with IBD will grow. EUS may soon provide an
alternative modality to abdominal ultrasound, CT, or MRI for
identifying evidence of active inflammation. Moreover, EUS may be
used to augment current endoscopic scoring systems and even reduce
the need for biopsies in certain circumstances. Another possible use of
EUS could be in the classification and management of Crohn’s related
strictures. Specifically, EUS may be able to distinguish malignant from
benign strictures and to identify whether a lesion represents acute or
chronic inflammation. EUS may also help to provide more accurate
localization of abnormal tissue that may warrant a biopsy. Lastly, as
therapeutic EUS techniques continue to progress, it is possible that
gastroenterologists may be able to manage perianal fistulas and
abscesses by placing Setons under endoscopic ultrasound guidance
without the need for surgical consultation and examination under
anaesthesia. More collaboration and research is needed between
gastroenterologists with an interest in IBD and therapeutic
endoscopists to further define the role of both diagnostic and
therapeutic EUS in the management of patients with IBD.
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