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Introduction
Over the last three decades, the
management of rectal cancer has changed,
reflecting a better pelvic anatomy knowledge.
A refinement of surgical technique and
advances in neoadjuvant and adjuvant
therapy improved oncological and functional
results. In rectal cancer, the local extent of
disease, lymph node involvement, metastatic
spread, and surgical technique significantly
affects survival and clinical outcomes. Royal

College of Radiologists recommendations
suggest the use of high-resolution magnetic
resonance imaging (MRI) to assess the
circumferential resection margin and pelvic
nodal involvement. Endorectal ultrasound
(ERUS) is also recommended to determine
tumor depth in order to asses an appropriate
local resection. Both MRI and ERUS improve
selection of patients suitable for local
excision.
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ERC
There is no consensus on the definition of
Early Rectal Cancer (ERC). Several
definitions of ERC based on microscopic and
macroscopic findings have been proposed.
The Kikuchi classification [1] aims to describe
the depth of submucosal invasion in nonpedunculated lesions, by dividing the
submucosa in 3 parts: sm1, sm2 and sm3 T1
cancers. Despite ERC is widely used to
indicate submucosal cancers, with low risk of
lymph node metastases [2], this definition
does not reflect clinical implications related to
management and long term outcomes of
ERC.
European Association for Endoscopic
Surgery clinical consensus conference
defined ERC as a rectal cancer with good
prognostic features that might be safely
removed preserving the rectum. This way
ERC has a very limited risk of relapse after
local excision [3].

The preoperative staging must include digital
examination, endoscopy, endosonography
(EUS) and computed tomography (CT) and
magnetic resonance imaging (MRI).
Total mesorectal excision (TME) is widely
accepted as standard surgical practice for
rectal cancer [4], it provides the best chance
of a tumor-free circumferential resection
margin [5].
Local recurrence is directly related to
incomplete resection of the tumor [6, 7] and
the most important parameter related to local
recurrence is the distance between the tumor
and the mesorectal fascia [8, 9].
Locally advanced rectal cancer with
extramural spread (T3 tumor) has an high
frequency of local recurrence and metastasis.
Currently, the standard treatment for locally
advanced
rectal
cancer
consists
of
preoperative
neoadjuvant
concomitant
radiation and chemotherapy (CRT) followed
by standard resection of the rectum, with
resection of the surrounding organs [10, 11].

Endoluminal Ultrasound
Endoluminal Ultrasound (ERUS) is an
established modality to evaluate the integrity
of the rectal wall. As advantages it includes
the convenient accessibility because it is part
of the initial assessment performed by the
colorectal surgeon in conjunction with the
digital rectal examination [12]. ERUS,
although
operator-dependent,
can
be
performed with minimal bowel preparation
and patient discomfort, and it is considered
the most accurate method to stage local
rectal cancer. It is performed using an high
frequency (>7.5 MHz) endoluminal probes
[Fig.1].
ERUS permits to identify five layers, three
hyperechoic lines represent interfaces to the
anatomic layers, defined by the two
hypoechoic lines. The first hyperechoic line
represents the interface between the balloon
and the mucosa. The second hypoechoic line

is the mucosa, muscularis mucosa, and
submucosa. The third hyperechoic line
represents an interface between the
submucosa and muscularis propria. The
fourth hypoechoic line is the muscularis
propria. The fifth hyperechoic line is related to
an interface between the serosa and
perirectal fat.
To study the rectal wall and the anal
sphincter, several ultrasound probes have
been developed; there are mechanical sector
probes with a single transducer and linear or
curved array probes. Some of these probes
incorporate radial probes with a full 360degree field of view despite of the limited field
of view of 120 to 210 degrees of the other
ones.
There are also probes that allow different
images
reconstruction:
biplanar
or
tridimensional ones. Biplanar probes can
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change the view from the axial plane to the
longitudinal one and allow to perform Doppler
study.
Tridimensional
probes
permit
image
reconstruction and rendering [Fig.2]. Tip
colonoscope ultrasound probes (flexible
echoendoscope) could raise 20 MHz
transducers.
Echoendoscope
has
the
advantage to be more tolerate by the patient
in order to the inferior dimension.
Rigid probes are oriented; this characteristic
allows to identify the exact position of the
lesion.
ERUS accuracy for T staging varies between
69% and 97%. It is presently the most
accurate
imaging
modality
for
the
assessment of tumor ingrowth into rectal wall
layers [13, 14]. Rectal ultrasound T staging
accuracy may be improved by the new 3D
−16 MHz probes. Higher frequency
ultrasound probes are available, but have not
yet been investigated. It is expected that the
20 MHz or even higher frequencies probes
introduction will lead to an higher
investigation accuracy in T0-T2 cancers.
ERUS has a 82–93% accuracy to reveal the

depth of invasion, although overstaging has
been reported. Assessment of lymph node
involvement is less reliable, with reported
accuracy of 65–81% [15].
Metastatic lymph nodes can be detected
from reactive ones because of their
hypoechoic and irregular ultrasound features.
In a 11 studies meta-analysis [16], sensitivity
was shown to be affected by T stage. ERUS
is very accurate for staging superficial rectal
tumors but is not so useful to stage advanced
rectal cancer [17]. The overall staging
accuracy is 69%, because the limited depth
of acoustic penetration prevents accurate
assessment of local tumor extent in bulky T3
and advanced rectal cancers. Although
endoluminal US is very accurate to stage
superficial rectal cancer, it is less suitable to
evaluate the mesorectal excision plane.
Moreover, endoluminal US is limited in
differentiating the T2 from the initial T3 stage.
On the other hand, the overall accuracy of
endoluminal US in N staging varies from 64%
to 83% [18] [Fig. 3].

Discussion
A meta-analysis evaluated the accuracy of
ERUS on T stage rectal cancers
differentiation, with a sensitivity and
specificity for T1 stage of 87.8 and 98.3%,
respectively, decreasing to 80.5 and 95.6%
for T2, 96.4 and 90.6% for T3, 95.4 and
98.3% for T4 [19]. Data from a 90 studies
meta-analysis showed that ERUS and MRI
have a similar sensitivity (94%) in defining
parietal involving disease although ERUS
was more specific to asses neoplastic
infiltration (86 vs 69%) [20].
Even if ERUS is an operator-dependent
technique, this could be an important
advantage in expert hands [21, 22].
According to the results of a Hungarian study
[23 - 24], the learning curve is relatively short,

in fact after 30 examinations it is possible to
safely evaluate the invasion of rectal tumors.
Flexible probes have several advantages
compared to the rigid ones, in fact, due to
their smaller diameter, they are able to pass
the recto-sigma joint, pandering the
physiological bowel curvatures, and studying
even more proximal colonic tract. Despite
this, a study seems to support rigid probes in
terms of accurate staging T and N [23]. Rigid
probes are preferable to flexible ones even
for their lower cost and better accuracy [25].
ERUS should be performed before biopsy, as
scars and deformations make interpretation
more difficult.
The differentiation between T0 and T1 stage
is a challenge, in fact, 56.6% of adenomas
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and 30.7% of in situ carcinomas are staged
as uT1, while nearly half of pT1 carcinomas
are interpreted as uT0. This is a known
examination limit, that has no impact on the
therapeutic program, since both T0 and T1
tumors are treated with minimally invasive
surgery. Glensy et al., in a series of 62
patients considered eligible for TEM, reported
95% ERUS with 3 overstaging patients and
none understaging [26]. In another study, 210
pT0-pT1 patients were subjected to local
excision or radical surgery; preoperative
staging with ERUS was corrected in 187
cases (89%) and only 9 patients were
overstaged (T2-T3) [27].
T1 cancers with deep submissive invasion,
and the most advanced lesions, are most
important to correctly be identified. In fact, the
ERUS differentiation between sm1, sm2, sm3
is very hard to detect when the tumor reaches
the muscle layer [28]. Lymph node
metastases increase with the Kikuchi stage,
with a 1-3% risk for submucosal layer sm1,
8% for sm2 and 23% for sm3 lesions. Lowrisk ERC may be treated endoscopically or
with a transanal procedure. Transanal
excision
or
transanal
endoscopic
microsurgery may be inadequate for high-risk
ERCs and adjuvant chemoradiotherapy may
be appropriate.
There is a low rate of recurrence after local
surgery for low-risk ERCs but this increases
to up to 29% for high-risk cancers [29]. The
endoscopic piecemeal removal of large
sessile or flat polyps with conventional
polypectomy
or
endoscopic
mucosal
resection (EMR), although it is less invasive,

is known to be associated with an high local
recurrence rate of 14%-19.5% [30, 31].
Endoscopic submucosal dissection (ESD) is
a novel technique that was originally
developed in Japan more than 10 years ago.
ESD was developed to achieve an en bloc
mucosal resection with wider margins [32, 33,
34]. Currently, an increased number of
endoscopists throughout the world have
acquired this skill and have published
promising outcomes of ESD [35-40]. The
recent retrospective analysis reported by
Kiriyama et al [41] compared ESD for
colorectal
intramucosal
or
slightly
submucosal invasive cancers versus low
anterior rectal resection (LAR) for T1 cancer.
This study demonstrated a lower complication
rate in the ESD group. Another similar
prospective study also compared ESD for
adenoma or T1 cancer with less than SM-s
(superficial submucosal invasion) vs LAR for
SM-d (deep submucosal invasion) [42]. Until
now, no worldwide consensus has been
adopted about the endoscopic treatment (i.e.,
ESD) of benign colorectal neoplasms [43].
From the very beginning of the development
of colorectal ESD, the procedure was
performed primarily by gastroenterologists.
No published data exists to compare clinical
outcomes of ESD vs LAR when both
procedures were performed by the same
group of surgeons. Surgeons who can
perform both procedures may be in an
advantageous position in that they can
balance the risks and benefits of the
endoscopic approach vs the surgical
approach [Fig. 4].
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Conclusions
The advent of two-dimensional and, most
recently, three-dimensional ERUS technique
significantly improved the diagnostic accuracy
in pre- and post-operative staging of rectum
cancers. In fact, it allowed to overhead many
limitations related to traditional diagnostic
imaging.
However, the choice of the most suitable
therapy for these tumors is increasingly
affected by the depth of infiltration rather than
the size of the neoplasm. Depending on the
correct staging, the therapeutic decision, and
consequently the prognosis, is crucial. It is
very important to state which professional
character is suitable to stage and treat the
disease: the advent of the new diagnostic and
therapeutic options (ERUS, TEM, ESD)
increased the importance of the surgical role
instead of a previous radiologist commitment.
Endoscopists usually carry out endoscopic
removal with piecemeal resection, at the
same time of the diagnosis without a biopsy
result. This technique does not ensure
complete removal of the lesion, it does not

provide a specimen orientation, and a proper
margin evaluation, due to the coagulation
artifacts, making the pathological report very
hard.
Advanced
tumors
currently
require
multidisciplinary management. The use of
neoadjuvant therapies, such as pre- or intraoperative radiotherapy, has led to a dramatic
reduction in abdominal-perineal amputation
interventions that forced patients to a
definitive colostomy. The benefit of sphincter
conservation interventions are the reductions
of incidence of local recurrences, the
increase long-term survival, and quality of life.
The expansion of ERUS is mandatory
because has proved to be sensitive, feasible,
tolerated by the patient and not excessively
expensive.
The limits of the ERUS can be overcome by
the use of other diagnostic investigations
such as CT scan and MRI when the
ultrasound image could be doubtful or difficult
to be understood.
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Figures
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Fig. 3

Fig. 4
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