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Abstract

Ultrasound is an undervalued non-invasive examination
in the diagnosis of colonic diseases. It has been
replaced by the considerably more expensive magnetic
resonance imaging and computed tomography, despite
the fact that, as first examination, it can usefully
supplement the diagnostic process. Transabdominal
ultrasound can provide quick information about bowel
status and help in the choice of adequate further
examinations and treatment. Ultrasonography,
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as a screening imaging modality in asymptomatic
patients can identify several colonic diseases such
as diverticulosis, inflammatory bowel disease or
cancer. In addition, it is widely available, cheap,
non-invasive technique without the use of ionizing
radiation, therefore it is safe to use in childhood or
during pregnancy, and can be repeated at any time.
New ultrasound techniques such as elastography,
contrast enhanced and Doppler ultrasound, mini-
probes rectal and transperineal ultrasonography have
broadened the indication. It gives an overview of the
methodology of various ultrasound examinations,
presents the morphology of normal bowel wall and
the typical changes in different colonic diseases. We
will pay particular attention to rectal and transperineal
ultrasound because of their outstanding significance
in the diagnosis of rectal and perineal disorders. This
article seeks to overview the diagnostic impact and
correct indications of bowel ultrasound.

Key words: Ultrasound; Perineal ultrasound; Rectal
endosonography; Gastrointestinal diseases

© The Author(s) 2016. Published by Baishideng Publishing
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Core tip: Ultrasound is an easy to perform and widely
available examination, which could be useful as a
first-line diagnostic modality for the identification
of numerous colonic diseases, nevertheless it is
undervalued and is not performed in all patients.
Therefore, the aim of our publication is to assess the
advantages and limitations of transabdominal, rectal,
transperineal ultrasound and mini-probe examination
in the diagnosis of colonic disorders. In addition, it
summarizes the typical ultrasound morphological signs.
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INTRODUCTION

Endoscopic examination provides the most accurate
information about the morphology of intestinal
mucosa, although the pathological changes of the
colonic wall, surrounding tissues and organs may be
examined by cross sectional imaging modalities such
as ultrasound (US), computed tomography (CT) and
magnetic resonance imaging (MRI). None of these
imaging modalities are able to identify all types of
colonic diseases, however they can complement
each other preferably during the diagnostic process.
Detailed transabdominal ultrasound examination
forms an essential part of the investigation of gut,
nonetheless in many departments it is undervalued
and not performed in all patients. US can provide quick
information about a variety of bowel diseases as a
first, widely available cross section imaging modality,
and may help in the choice of adequate further
examinations and treatment. In addition, US screening
of asymptomatic patients could also identify accidental
bowel diseases such as colonic cancer or diverticulosis.

The bowel US examination is a safe, widely avai-
lable, cheap, noninvasive imaging technique which
allows real-time examination of the intestines without
the use of ionizing radiation and can be performed
at any time!"!. The greatest disadvantage is that the
evaluation of the bowel depends more on the operator
experience and expertise than the sonographic evalua-
tion of other abdominal organs®. Lack of patients’
cooperation, body habitus (abdominal obesity, spinal
deformity) or the presence of intraluminal bowel
gas can make the visualization of the gut difficult.
Although the standard transabdominal US (TAUS) is
highly predictive and useful for the diagnosis of bowel
processes, it is usually nonspecific, and the negative
finding does not exclude the presence of a bowel
disease™.. Therefore, in the last decade the importance
of TAUS for the investigation of the gut has become
increasingly questioned, and it is often replaced by
other cross-sectional imaging modalities such as
MRI and CT. The appearance of new US technique
such as elastography, contrast-enhanced ultrasound,
high resolution US and the development of rectal
ultrasound (RUS) and transperineal ultrasound (TPUS)
contribute to the extension of the indication area and
the improvement of diagnostic accuracy.

The aim of our article is to systematically review
the literature dealing with the findings, the diagnostic
yield and correct indications of standard TAUS
examinations for the diagnosis of colonic diseases.
Particular attention will be payed to RUS, TPUS and
mini-probes which are increasingly important in the
diagnosis of rectal and perianal disorders.

IMAGING TECHNIQUE, NORMAL BOWEL
MORPHOLOGY

TAUS is carried out by convex or linear probes

Baishidenge ~ WJG | www.wjgnet.com

Table 1 Ultrasonic features of the gut wall: Five concentric
ring with alternating echogenicity can be distinguished

by ultrasound examination the rings correspond to the
histological layers of the gut wall

Echogenicity Anatomic structure

Central area with variable Bowel lumen
echogenicity (fluid - hypoechoic;

gas - echogenic)

Echogenic layer Interface between the bowel lumen
and mucosa
Hypoechoic layer Mucosa/muscularis mucosae
Echogenic layer Submucosa
Hypoechoic layer Muscularis propria

Echogenic layer Interface between adventitia/serosa

and surrounding structures

with band frequency of 3.5-17 MHz. Two types of
probes with different US frequency may be used
consecutively for the examination of the intestines and
abdominal organs. Firstly, the use of low, 3.5-5 MHz
frequency probes is recommended in order to obtain
a panoramic view of the abdomen which could help
to localize pathological conditions. Specific attention
should also be focused on the region of tenderness
or pain described or where resistance was found on
physical examination. The standard examination
should then be followed by high frequency (5-17 MHz)
ultrasonography which provides detailed information
about bowel wall layers and the surrounding tissues'.
The five layers of the colonic wall may be clearly
distinguishable; they appear in the US image as
concentric rings of alternating echogenicity. These
rings seen at US examination correspond to the
histological layers of the bowel wall: the first echogenic
line is the mucosal layer followed by the hypoechoic
ring of muscularis mucosae, the echogenic ring of
submucosa and the hypoechogenic ring of muscularis
propria. Most peripherally is found an echogenic ring
that represents the adventitia or serosa depending on
the bowel location. (Table 1) The colon and the small
intestines may be distinguished from each other based
on the presence of haustration or the Kerckring’s
folds. Several studies considered that colonic diseases
may be manifested as decreased compressibility
of the thickened bowel walls, dilation of the lumen,
conglomeration of loops and they could be associated
with extramural lesions such as fistulas, abscesses,
lymphadenomegaly, and pericolonic inflammation™*,
The measurement of wall thickness is essential.
Thickness of the normal intestinal wall does not exceed
3mm with slight probe compression, stratification
is preserved, intramural vascularization is weak and
peristalsis is normal'®. In healthy adults the wall
thickness of the sigmoid bowel could be greater due to
the wide muscularis propria”’. Elastography, the use of
oral contrast agents, color power (flow) Doppler and
the contrast enhanced ultrasonography (CEUS) help to
clarify the diagnosis with the examination of intramural
blood flow, the identification of the affected intestinal
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(1) Layer: Epithelium/mucose

(2) Layer: Muscularis mucosae

(3) Layer: Submucosa

(4) Layer: Muscularis propria

(5) Layer: Adventitia/serosa

Figure 1 Radial rectal endoscopic ultrasound image: On the right side
of the rectum, layering of the rectal wall is retained (white arrows); but
normal wall structure has disappeared on the left part of rectum, rectal
cancer which involves the third/submucosal layer (uT2).

segments, and to differentiate inflammation, fibrotic
and neoplastic conditions®*%,

Elastography can evaluate the stiffness of tissues
by measuring their elasticity, and display it as a colored
real-time elastogram (qualitative elastography) in the
conventional B-mode ultrasound image with a special
software. During the examination, the axial change
in tissue is continuously monitored in response to the
applied ultrasound force!***4,

Color power (flow) Doppler US is useful for
estimating the presence, the density or absence of
vascular signals in the large blood vessels, but it is not
sensitive enough to detect slow and low-volume flow
of smaller vessels of the gastrointestinal organs'®**.
The flow of big intraabdominal veins and arteries
(aorta, coeliac trunk, superior and inferior mesenteric
artery, portal vain, etc.), the vascularity of thickened
bowel segments and pathological extra- or intraluminal
structures could be examined.

The use of CEUS allows precise analysis of the
vascularity of bowel abnormalities. This modality
is based on the detection of US contrast agents
consisting of microbubbles (1-7 um) which are injected
in the peripheral veins, and appear about 20-30 s
later in the target tissue. It may help to differentiate
ischemic intestinal necrosis (lack of contrast filling),
inflammation (symmetric thickening with low resistivity
index) and neoplasia (asymmetric thickening with high
resistivity index)™,

TPUS examinations are performed using a standard
transabdominal ultrasonographic microconvex or
linear probe with a 16 to 36 MHz frequency range
transducer which is covered with ultrasonographic gel
and is introduced in gloves for hygienic reasons. TPUS
does not require specific preparation of the rectum.
The high US frequency allows detailed, high-resolution
imaging, however the depth penetration is poor, only
the 5-7 cm wide subsurface area can be examined.
TPUS examination is effective in the diagnosis of
perianal diseases such as perianal Crohn’s disease,
cryptogenic perianal fistulas or abscesses!'®. Fistulas
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are manifested in the form of hypoechogenic tracks
near the rectum and anal canal, and the abscesses
are large, hypoechogenic structures with or without
inhomogeneous, hyperechogenic content™®. TPUS
does not require special patient preparations such
as enemas or the injection of contrast agents, and
it can be beneficial when other radiological imaging
modalities are contraindicated or not appropriate
(MRI for patients with metallic clips, for those who
suffer from claustrophobia; EUS for patients with anal
stenosis or serious perianal inflammation and intense
local pain)™*”.,

RUS is the firstly developed endosonographic
technique, and since the 1980s more and more
articles have been published about this imaging
method. It is simple, quick, safe and not burdensome
for patients, nonetheless it can provide relevant
information for the choice of the optimal treatment!**,
It is an easy to learn procedure with a relatively
short learning curve. Previous studies suggested
that in case of rectal cancer the diagnostic accuracy
significantly improved and reached the plateau after
30 examinations*®*?l, A recent investigation of Liu et
al®™ revealed that approximately 80 rectal ultrasounds
have to be performed before one can assess the in-
depth tumor invasion. The limitation of the method
is its strong operator dependency, but it also means
that RUS performed by an experienced examiner
may be a highly qualified and informative imaging
technique™??. Rigid, “blind” rectal transducer,
flexible echoendoscope and ultrasound microprobe
introduced through the working channel of a flexible
endoscope are available. The five concentric layers
of the rectal wall are well distinguishable with
the transducer using standard band frequency of
3.5-17 MHz (Figure 1), additionally high frequency
(5-30 MHz) endosonography and 3D imaging may
further increase the diagnostic accuracy™*%. For
the accurate examination, rectal preparation with
enema or complete colonic preparation should be
performed to avoid artifacts”®. Sedation and analgesia
is optional, but recommended in case of severe,
painful perianal infection. During the examination the
patient is placed in left lateral position. The ultrasound
transducer should be introduced to the recto-sigmoid
border after rectal digital examination considering
the previous results of endoscopic and rectal digital
exam. During the examination the probe with the
water-filled balloon is slowly withdrawn to the anal
canal. Rectal ultrasound-guided fine needle aspiration
(EUS-guided FNA) allows histological and cytological
sampling of submucosal/intramural and extraluminal
pathological lesions surrounding the rectum even
in those cases when other sampling techniques are
not feasible. The endosonographic needle is inserted
into the rectum through the working channel of the
linear echoendoscope and punctures the target lesion
under continuous real-time ultrasound guidance. This
technigue may result in both histological (formalin
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Figure 2 Transabdominal ultrasound image of patient. A: Active extensive ulcerative colitis. The wall of the transverse colon is widened (largest diameter: 12 mm)
and the lumen is narrowed; B: Stricturing ileocolonic Crohn’s disease. Thirty-three millimeter long fibrotic stenosis at the end of the terminal ileum.

fixed pieces of tissue) and cytological samples (smears,
liquid based cytology). RUS-guided FNA may help to
distinguish malignant (recurrent neoplasm, metastatic
lymph node, mesenchymal tumor, etc.) and benign
(reactive lymphadenopathy, endometriosis, cysts,
abscesses, etc.) lesions. The low negative predictive
value is the most important disadvantage of the
examination; therefore, negative cytological result
cannot exclude the presence of malignancy.

INFECTIVE COLORECTAL DISEASES

Gastrointestinal infections are the most common
causes of diarrhea worldwide. The diagnosis is based
on clinical history, results of laboratory tests, stool
microscopy and culture. Imaging such as TAUS
examination are usually performed, but the US finding
of infective colitis is not specific and not necessary for
the diagnosis. TAUS can detect bowel wall thickening,
enlarged lymph nodes, ascites and complications
of bowel infections such as colon dilatation, toxic
megacolon, perforation or intraabdominal abscess®*”,

INFLAMMATORY BOWEL DISEASE

The fluctuating disease course of inflammatory bowel
diseases (IBD) requires repeated imaging examinations
in the majority of patients to assess disease activity,
complications and treatment efficacy. Ultrasound is the
most appropriate initial imaging modality, especially in
case of an emergency. Abdominal ultrasonography is
suitable for assessing early stages of Crohn’s disease,
and it also facilitates the diagnosis of intraabdominal
complications (stricture, fistula and abscess), as well as
the evaluation of postoperative state after resection'®.
In Crohn’s disease, intestinal involvement is usually
characterized by thickening, decreased compressibility,
and increased vascularization of the intestinal wall
(= 4 mm), occasionally accompanied by pericolic
fluid accumulation and lymph node enlargement!”"*!
(Figure 2A). Abdominal ultrasound detects these
changes with a sensitivity of 85% (95%CI: 83%-87%)
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and a specificity of 98% (95%CI: 95%-98%)"", but
individual experience, the severity of the disease and
the localization of the affected bowel part have a great
influence as well. While the sensitivity of US might be
as high as 98% in the sigmoid and descending colon,
it is only about 15% in the rectum®™>!, The modality
allows monitoring the efficacy of medical therapy,
determining the optimal time for control endoscopy,
and provides information about areas inaccessible
for endoscopy™?. Intraabdominal complications of
CD, such as abscess formation, narrowing of the
bowel lumen, fistulas between intestinal loops and
entero-cutaneous fistulas, can also be detected with
ultrasonography®® (Figure 2B).

Accurate localization and assessment of the extent
of fistulas before choosing the optimal surgical inter-
vention is of crucial importance in perianal Crohn’s
disease™! (Figure 3). Reliable evaluation of the lesions
can result in decreased postoperative incontinence
and recurrence rates®*. Although MRI is considered
the “gold standard” method for the diagnosis of
anorectal abscesses and anal fistulas, a growing
amount of published evidence proves that besides
financial considerations, transducers with 10 MHz
frequency and local hydrogen peroxide contrast, as
well as 3D rectal ultrasound can be a real alternative
indeed™!. According to international studies, the
sensitivity of the two methods is similar, being around
85%-95%"**"1, and this might be further improved to
100% by their concomitant use, thus both modalities
are recommended in complicated cases®®**!, The role
of rectal ultrasonography in the diagnosis of perianal
Crohn’s disease is further confirmed by the guidelines
of European Crohn’s and Colitis Organization and
the American Gastroenterological Association!**!l,
Moreover, persistent fistulas can be recognized with
rectal ultrasound even when the surface has started
to close due to anti-TNF alfa therapy, therefore it is a
potent option for the assessment of treatment efficacy
and for avoiding recurrence due to early cessation of
the treatment. Computed evaluation with imaging
programs and algorithms may further improve the
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Figure 4 Multiplex, hypoechoic pararectal abscesses in rectal and perianal ultrasound images of a patient with perianal Crohn’s disease.

sensitivity of rectal ultrasound. In a study conducted
by Caprioli et al*? in 2006, the efficiency of MRI and
computer-assisted rectal ultrasonography proved to
be nearly identical (Image Measurement Professional
version 3.0, Bersoft Inc., Toronto, Canada - a computer
program evaluating the change in grey tones was
used). Using the same computer program, Losco et
al*? confirmed that the activity determined with the
program correlates with the widely accepted Perianal
Disease Activity Index and the activity detected on
exploration of the fistulas.

Perianal ultrasound also plays a part in the diag-
nosis of perianal complications of Crohn’s disease.
According to comparative studies, its sensitivity is
comparable to that of rectal ultrasound and MRI in
diagnosing perianal fistulas and abscesses™**! (Figure
4). Its availability and cost-effectiveness enable
perianal ultrasound to monitor real-time recovery of
fistulas, thus more expensive MRI might be avoided.
Maconi et al'*! showed that the sensitivity of TPUS is
relatively poor in the identification of extrasphincteric
and suprasphincteric fistulas (55.6% and 50%), but
it demonstrated an excellent sensitivity and PPV in
the recognition of anovaginal and transsphincteric
fistulas (sensitivity: 100% and 90%; PPV: 99.4% and
100%). No special preparation and instrumentation is
required, and it can be easily mastered, thus perianal
ultrasound might be well applied in gastroenterology
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and proctology; it can be a fast diagnostic tool as well,
especially in urgent cases!'”’.

DIVERTICULAR DISEASE AND
DIVERTICULITIS

Diverticular disease is defined as clinically significant
and symptomatic diverticulosis, in contrast, diverticulitis
is the macroscopic inflammation of diverticula which
could associate with acute or chronic complications™*”..
Both low and high frequency ultrasound examination
is appropriate for the identification of diverticula. The
diverticula appear in the US image as reduced gut
signature due to the absence/thinning of muscularis
propria, or as bright “ears” out of the intestinal
wall with acoustic shadow caused by the presence
of intradiverticular gas™®. In case of diverticulitis,
intestinal wall thickening, pericolic inflammation and
fluid could be detected beside the diverticula. During
the examination, substantial pain or tenderness occurs
by the compression of the affected area'™. Using color
Doppler US increased vascularity could be detected
in the affected, inflamed, and thickened gut wall.
The US morphology of diverticular abscesses varies
widely, they usually appear as anechoic cystic masses
containing echogenic debris and gas*®, Sensitivity and
specificity of US in the diagnosis of acute diverticulitis
is 84.6%-92% and 80.3%-90%"°*!, Diagnostic
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accuracy of US and CT are comparable in diagnosing
diverticulitis. US is the firstly recommended imaging
modality, CT is required after an inconclusive or
negative US examination™?.

GASTROINTESTINAL HEMORRHAGE

Ultrasound has limited role in the diagnosis of gastro-
intestinal hemorrhage (GIH). Endoscopy is the gold-
standard diagnostic modality followed by mesenteric
angiography and CT-angiography™?. Ultrasound
may be a good first diagnostic procedure as it can
sensitively identify the underlying colonic lesions in
the background of GIH such as diverticulosis, colonic
neoplasm or IBD™*,

ISCHEMIC COLITIS

Ischemic colitis is the most common gastrointestinal
vascular disease. In 80% of the cases it affects the
left colon causing lower GI hemorrhage at the border
of the area supplied by the superior and inferior
mesenteric artery, or at the junction of the inferior
mesenteric and hypogastric artery territory™*. True
arterial occlusion is rare, it is more commonly a result
of an impairment in the micro-vascularization of the
colonic wall®®, Significant arterial stenosis could be
identified by pulse Doppler scanning with high sensitivity
and negative predictive value which could exceed
90%"”. The characteristic US finding in ischemic colitis
is the hypoechoic gut wall thickening with variable
loss of mural stratification. Color flow Doppler imaging
may help to analyze the microcirculation of the colonic
wall. In the acute stage color flow is barely visible,
which may be a sign of necrosis™®. Absence of arterial
flow in the wall of the ischemic colon on the initial
color Doppler sonography is a good prognostic sign of
an unfavorable outcome. This factor is more closely
associated with the outcome than early clinical and
laboratory findings™.

INTUSSUSCEPTION

The US morphology of intussusception is characteristic:
on the cross-sectional view multilayer pattern can be
seen with alternating concentric hypoechogenic and
echogenic circles (“onion”, “doughnut” or “bull’s eye”
sign)®, On the longitudinal image, multiple parallel
line can be seen with various echogenicity, this
typical, sandwich-like appearance is the so-called
“pseudokidney sign”®", The sensitivity and specificity
of US in the identification of intussusception is about
100% and 90%, so in childhood US alone is sufficient
for the diagnosis™. In adults, almost 90% of the
intussusception cases is caused by an underlying
bowel lesion, which is benign or malignant colonic
tumor in the vast majority of the cases"!, therefore CT
scan is mandatory to identify the root causes and the
complications®?,
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COLORECTAL CANCER

Colorectal cancer has the highest incidence rates of
all gastrointestinal malignancies worldwide, thus early
diagnosis and staging are of crucial importance!®**",
In the diagnosis of the primary colon cancers,
the role of standard abdominal ultrasonography
is negligible compared to endoscopy. Hypoechoic
bowel wall thickening with irregular contour, the loss
of stratification of the wall layers, and the absence
of normal peristalsis can all be suggestive of a
malignancy. Hepatic metastases from colorectal
malignancies may be detected with TAUS as a first
exploratory imaging technique. In fact, TAUS is
often the first choice for patients with a suspected
malignancy due to its non-invasive character, low
costs, and wide availability, even though the better
performance of CT scan and MRI should be kept
in mind™>®®, Although the use of contrast agents
improves the efficacy of ultrasonography, CEUS still
proved to be inferior to multidetector-row CT in the
preoperative detection of liver metastases™®”.

Due to their anatomical characteristics, rectal and
colon tumors require a different diagnostic and the-
rapeutic approach. The precise location and extension
of the tumor as well as locoregional metastases make
up the basis for the optimal therapeutic choice, as well
as the identification of patients who might benefit from
preoperative neoadjuvant treatment or suitable for
local resection. Unlike TAUS that is unable to visualize
rectal tumors, rectal ultrasound provides accurate
assessment of the in-depth invasion of the tumor
(appearing as a hypoechoic mass causing disruption to
the normal layers of the rectal wall) with an accuracy of
64% to 95%, and its essential role in the local staging
of rectal cancer has already been established®®%%, In
case of early rectal tumors, the high resolution of RUS
makes it even superior in distinguishing T1 and T2
tumors with a specificity of 86% (95%CI: 80%-90%)
compared to 69% (95%CI: 52%-82%) for MRIVY,
According to the consensus recommendation of the
European Organisation for Research and Treatment
of Cancer in 2014, RUS is the preferable modality
of staging in T1 tumors, whereas otherwise the
combination of MRI and RUS is beneficial in advanced
stages, regarding the fact that MRI provides better
assessment of the mesorectal fascia’®”".

The assessment of lymph node involvement
of rectal tumors poses a challenge for all available
imaging modalities, including RUS. According to a
meta-analysis covering 33 studies, it has a moderate
diagnostic value in preoperative nodal staging
with a pooled sensitivity and specificity of 69%
(95%CI: 0.63-0.75) and 77% (95%CI: 0.73-0.82),
respectively”’?). Only perirectal lymph nodes can
be assessed with RUS, the evaluation of the entire
mesorectal area requires high-resolution MRI with
appropriate “rectal cancer protocol””*”?\. Nodal staging
is basically based on morphological characteristics
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(size greater than 5 mm, mixed signal intensity,
irregular borders, and spherical rather than ovoid or
flat shape)”. However, the size criteria might lead to
deceptions and substantial overstaging as enlarged
reactive lymph nodes of a benign character can easily
be mistaken for a metastasis'’". Rectal EUS-FNA can
assist the diagnosis of metastatic lymph nodes, but
considering its moderate negative predictive value
(77%) and the possible sampling errors, negative FNA
results cannot rule out a presence of a metastasis®®”.,
Color and pulsed Doppler technique might also
facilitate the diagnosis of malignant lymph nodes. Peak
systolic velocity > 20 cm/s and resistivity index (RI) >
0.61 can be suggestive of a lymph node metastasis.
Although the former parameter might also be
increased in case of reactive lymph nodes, RI can still
be informative due to the fact that the compression
of blood vessels in the tumor formation often alters
the vessels’ resistance, while inflammation results in
dilated blood vessels with lower RI7®.,

Due to the shift to preoperative chemotherapy-
irradiation in the management of rectal tumors,
restaging of lesions after neoadjuvant treatment has
come into focus. Tissue changes as a consequence of
neoadjuvant therapy (like peritumoral inflammation,
edema, fibrosis and necrosis) have a similar
hypoechoic appearance as tumorous lesions, therefore
they can be hardly distinguished””’®!, As a result, the
accuracy of RUS impairs (65% for T staging and 72%
for N staging) and overstaging becomes dominant
leading to more radical surgical solutions. Similar to
other imaging modalities (CT scan, MRI), RUS fails to
provide sufficient information about the response to
neoadjuvant therapy”®*”. However, the use of three-
dimensional reconstructions with higher resolution and
multiplanar display of the rectal and perirectal anatomy
might improve the performance of restaging™.
Volume measurements also provide an opportunity to
monitor the tumor mass changes induced by chemo-
irradiation®".

Considering the high recurrence rate of rectal
tumors, early detection is of crucial importance. RUS-
guided FNA might assist the diagnosis of perirectal
recurrence. Its sensitivity and specificity in this setting
can be as high as 97% and 100%, respectively™,
With the application of Doppler technique, information
about the vasculature of the intra- and peritumoral
areas can further facilitate the differentiation of
recurrence and postoperative scarring™,

The use of mini-probes that can be inserted
through the working channel of the conventional
colonoscope expands the indications of endoscopic
ultrasonography as they make proximal rectal and
colonic lesions accessible. Moreover, stenotic lesions
might also be passed easier with the reduced diameter
of mini-probes, thus staging becomes available in
the entire colon. However, even if the high-frequency
of mini-probes (12-30 MHz) provides excellent
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assessment of superficial lesions, impaired in-depth
acoustic penetration limits their accuracy in case of
larger or more advanced tumors. Neither are they
capable of lymph node assessment"",

The development of forward viewing radial
echoendoscopes has also brought new perspectives
to colorectal cancer staging beyond the rectum. The
forward viewing design makes safe maneuvering
through the sigmoid colon feasible, and the radial-
array provides circumferential evaluation of colorectal
lesions. An additional benefit of the design is the
opportunity for diagnosing and staging colorectal
cancer at the same time™®”’,

Elastography offers a promising and highly accurate
method for differentiating benign and malignant
colorectal lesions based on the differences in tissue
hardness. A strain ratio (SR) of 1.25 serves as a cut-
off for the optimal distinction - malignant tumors have
a SR > 1.25, whereas benign lesions present with a
SR < 1.25. Moreover, elastography is even superior
to MRI and tissue sampling in terms of identifying
early adenocarcinomas and distinguishing them
from adenomas. The characterization of pathological
lymph nodes has not involved their elasticity yet, but
reports suggest that they might be more rigid than the
perirectal fat tissue. Thus, elastography might as well
play a part in the lymph node assessment™®7’7#4,

Contrast-enhanced EUS (CE-EUS) might provide
dynamic measurement of the tumor angiogenesis in
rectal tumors. Although the information is still limited
regarding the exact role of CE-EUS in rectal cancer,
initial research suggests that one of the computed
parameters - enhanced intensity - might serve as
a noninvasive biomarker of tumor angiogenesis as
microbubble contrast agents make visualization of
the microcirculation possible. Different microvessel
structure of adenomas (homogenous appearance,
later contrast enhancement with lower intensity)
and adenocarcinomas (irregular appearance, earlier
contrast enhancement) may assist the detection of
these lesions, but large tumors with intratumoral
necrosis might as well present with low contrast
uptake. CE-EUS parameters might also contribute to
the improvement of the inter-observer variability of
RUS[69'77'84].

In certain cases, RUS might also assist in the
treatment of rectal cancer. Fiducial markers used to
delineate the target lesion in radiotherapy can be
placed safely with the guidance of RUS, although
there are only case reports available about this
application™®,

COLONIC SUBMUCOSAL LESIONS

Submucosal/subepithelial lesions (SML) are endos-
copically detectable abnormalities which could be
defined as mass-like lesions located under the
normal-appearing mucosal layer. They may arise from
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Figure 5 Rectal ultrasound image. A: Cystic lesion between the rectum and the uterus, it shows typical morphology of endometriosis; B: Inhomogeneous perirectal
tissue with rectal wall enlargement and lymphadenomegaly 2-years after resection of rectal cancer. RUS-FNA confirmed the recurrence of rectal adenocarcinoma.

the colonic wall (intramural origin) or from extrinsic
processes (extramural origin); and could be benign
(vascular or cystic lesions, hematoma, endometriosis,
etc.) or neoplastic (lipoma, carcinoid tumor, gastro-
intestinal stromal tumor, primary or metastatic
carcinoma, etc.)®. Colonoscopy allows only a visual
evaluation of the mucosal changes, therefore it can
only assist in the identification and localization of
submucosal lesions. Cross-section imaging techniques
have essential role in the diagnosis of SML, because
they allow evaluation of the entire bowel wall and
the surrounding tissues. Due to its low sensitivity,
the importance of TAUS is limited in the diagnosis of
SML, it is replaced by CT, CT-colonography, MRI and
endoscopic ultrasound. RUS is able to distinguish
the extramural and intramural origin (Figure 5A). In
case of intramural lesions, it is able to characterize
the layers of origin or involvement, echogenicity,
smoothness of the border and internal features which
are different in benign and malignant processes'®!.
Benign lesions are usually homogeneous hypo- or
hyperechoic lesions which sharply separated from the
surrounding tissues or organs, and are often limited
to only one mural layer. RUS allows histological and
cytological sampling as well®!, RUS-guided fine
needle aspiration (RUS-FNA) has high diagnostic
accuracy in the detection of cancer relapse: it
was more accurate than RUS alone in diagnosing
malignancy recurrence (92% vs 69%, P < 0.01)5"%
(Figure 5B).

CONCLUSION

TAUS is usually the first diagnostic procedure in
the investigation of acute or chronic abdominal
complaints, but in most cases it does not include the
examination of the intestines. This article would like to
draw attention to the importance of ultrasonography
of the colon, since its importance has not decreased in
the diagnosis of colonic disorders due to its simplicity,
wide availability and low cost, despite the higher
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diagnostic accuracy of CT and MRI. In urgent care,
TAUS is able to reveal intussusception, diverticulosis
or diverticulitis, thickening of the colonic wall caused
by infection, IBD or neoplasia, and it could help in the
choice of further examination and treatment. Ultra-
sonography, as a screening imaging modality can
identify several colonic diseases such as diverticulosis,
IBD or cancer in asymptomatic patients. In addition,
endosonography (TPUS and RUS) has an indisputable
role in the diagnosis of certain colorectal diseases,
such as perianal Crohn’s disease, perianal abscesses
and submucosal lesions; as well as in the local
staging of rectal cancer. Novel ultrasound techniques
(3D reconstruction, elastography, CEUS) can further
improve the diagnostic accuracy, thus they might
open new perspectives to the general usage of
ultrasonography.
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