
Introduction
Types of EUS probes in assessment of the anorectal
region

The rectum can be examined using two types of flexible EUS
probes: linear and radial. The applications for each differ and
can be divided in terms of anatomical regions, range of visuali-
zation, and interventions performance. The anal canal may be
better assessed with a radial probe, while linear can be used to

evaluate the rectal and pararectal region [1]. Also, the radial
probe is more accurate in assessment of fecal incontinence
and tears of the internal anal sphincter (IAS) and external anal
sphincter (EAS) [2]. However, some endosonographers prefer
to use a radial probe for the entire examination and then
change to a linear one for interventions, including EUS-guided
biopsy or drainage. In case of short-segment benign stricture
(less than 1 cm in length) such as anastomotic stricture, Crohn’s
disease (CD) stricture, and diaphragm-like lesion, it is feasible
to introduce a linear EUS to place a lumen apposing metal stent
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ABSTRACT

Standard endosonographic examination of the rectal area is

usually performed with radial endoscopic ultrasound (EUS).

However, in recent years, widespread availability of linear

EUS for assessing various anatomical regions in the gastro-

intestinal tract has facilitated its use in the assessment of

anorectal disorders. Currently, many rectal and anal dis-

eases, including perianal abscesses, fistulae, polyps, and

neoplastic lesions, can be well-visualized and evaluated

with linear EUS. The aim of this review is to shed light on

the anatomy and systematic examination of the anorectal

region with linear EUS and clinical implications for different

anorectal pathologies.
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to relieve obstructive symptoms [3]. An additional advantage of
the linear probe is that tumors and deeper layers can be better
visualized on the same image. However, the assessment of pel-
vic anatomy and sphincter complex with the linear probe only
may be challenging [3].

Anatomy of the rectum and anal canal

The rectum is a 12- to 14 cm structure at the end of the large
intestine with a diameter of 2 to 6 cm, depending on its con-
tents (▶Fig. 1) [4]. It begins at the level of the third sacral ver-
tebra and descends to the pelvic diaphragm along the sacral
curve to reach the anal canal [5]. Its borders are formed poster-
iorly by the sacrococcygeal bone and inferiorly by the insertion
of the levator ani muscle [4]. The pelvic peritoneum covers its
superior one-third anteriorly and laterally. The middle third is
only covered anteriorly by the peritoneum and then curves
onto the uterus in women to form the rectovaginal or Douglas
pouch and on the urinary bladder in men to form the rectovesi-
cal pouch. The peritoneum is lacking in its lower third, where
the rectum is related to the ureters, urinary bladder, seminal
vesicles, and prostate in males (▶Fig. 2a, ▶Fig. 2b), and the
uterus, cervix and vagina in females [5].

The mesorectum is the fat that encloses the rectum within a
fascial envelop and its posterior part is thicker than the anterior
part. It contains perirectal fat, the superior rectal artery and its
branches, the superior rectal vein and its tributaries, and lym-
phatic vessels.

The anal canal is surrounded posteriorly by the levator ani
muscles and laterally by the ischio-anal fossa. The anterior bor-
der is formed by the apical part of the prostate and membra-
nous urethra in men and the posterior wall of vagina in women.
It is surrounded by IAS followed by the intersphincteric area
(ISA) then the EAS (▶Fig. 1) [4, 5].

The anal verge is the lowest part of the EAS and it represents
the rectal measurement landmark. The dentate line is 1.5 to
2cm above the anal verge, which divides the anal canal into
the lower anatomical part and upper surgical part [6]. It also re-
presents the endoscopic line of demarcation separating the
squamous from the columnar epithelium. The squamous epi-
thelium is called anoderm (▶Fig. 1). This anoderm is directly at-
tached to the IAS [6].

Anal sphincters

The layers of anal sphincters from inside out are the IAS, inter-
sphincteric area, and the EAS.

The IAS represents the continuation of circular layer of the
muscularis propria of the rectum (▶Fig. 3) and surrounds the
upper three-quarters of the anal canal; the lowermost part of
the anal canal is devoid of the IAS muscle (▶Fig. 4). The circular
muscles of the IAS are thicker than those of rectal circular mus-
cles (▶Fig. 3).

The interphincteric area lies outside the internal sphincter,
and its outer boundary contains fibro-elastic layer which is
divided into many layers that continue into the external sphinc-
ter, go through the IAS or are inserted in the skin as corrugator
cutis ani muscles. These layers have alternating black and white
appearance during EUS examination (▶Fig. 3 and ▶Fig. 4).

The external anal sphincter is formed of striated voluntary
muscle fibers that surround the whole length of anal canal. It
consists of three parts: subcutaneous, superficial, and deep.
The subcutaneous part surrounds most of the inferior part of
the anal canal and the anus. It has no bony attachment. The su-
perficial part is elliptical in shape, deep to the subcutaneous
part, attached anteriorly to the perineal body and posteriorly
to the tip of the coccyx via the anococcygeal ligament. The
deep part surrounds the upper part of the anal canal and be-

▶ Fig. 1 Diagram of the anatomy of the rectum and anal canal.

▶ Fig. 2 a Diagram of the anatomy of the rectal region. b Linear
EUS examination of the rectal region.
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comes continuous with the puborectalis muscle (▶Fig. 1 and

▶Fig. 4).

Technique of linear rectal EUS (REUS)
examination
Patient preparation and sedation

We prefer to administer standard bowel preparation as for co-
lonoscopy, although enema cleansing is considered adequate
by some endoscopists. Sedation is rarely required as the
echoendoscope is advanced only up to the rectosigmoid junc-
tion. It is preferable to have a distended urinary bladder during
anorectal EUS. Antibiotic prophylaxis may be considered for pa-
tients undergoing transrectal EUS- fine needle aspiration or
other interventions.

Technique
Anorectal EUS is usually done in the left lateral position. Supine
lithotomy position or prone position can also be used if needed.
Digital examination is mandatory prior to endoscope insertion.
If you need to perform colonoscopy during the same session,
defer it until EUS is completed so that insufflated air during co-
lonoscopy does not interfere with the EUS examination. Special
water-filled balloons or coupling gel should be applied to re-

move the intervening air between the probe and the wall. In-
jecting de-aerated water into the lumen is also helpful to
achieve “good through” transmission of the sonographic
waves. The amount of water should not exceed 200 cc to avoid
mobilization of proximal stool in case of using enema cleansing
only as a preparation. REUS with color or power Doppler ima-
ging may offer additional information in detecting and charac-
terizing rectal neoplasm and inflammatory lesions, distinguish-
ing perirectal lymph nodes from vessels, and differentiating tu-
mor recurrence from postsurgical fibrosis. When accessing rec-
tal tumors, the probe should advance over the lesion to achieve
satisfactory imaging over the length of the lesion and fully ob-
serve the mesorectum around the lesion.

How to do linear REUS

Introduce the echoscope until it reaches 20 cm from the anal
verge, where the rectosigmoid junction represents this point.
As the echoscope is advanced further, it can be maneuvered to
visualize the aorta and inferior vena cava. Withdraw the echo-
scope up to the bifurcation of the common iliac artery into in-
ternal and external iliac arteries (site of hypogastric plexus neu-
rolysis in cases of palliative treatment of pelvic tumors). At this
point, any lymph node enlargement can be seen.

Continue withdrawing the echoscope until it reaches the ur-
inary bladder (UB), which is a three-layered anechoic encapsu-
lated structure. In men, the prostate is located about 10 cm

▶ Fig. 3 a Diagram of the anatomy of the anorectal region at 4 cm
from the anal verge. b Linear EUS examination of the anorectal re-
gion at 4 cm from the anal verge.

▶ Fig. 4 a Diagram of the anatomy of the anal canal region. b Linear
EUS examination of the anal canal region
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from the anal verge to the right of the screen below the UB and
above it is a mustache-like hypoechoic structure, which is the
seminal vesicles and can be displayed by clockwise or counter-
clockwise rotation (▶Fig. 2). In women, the vagina is seen as a
three-layered muscular organ between the rectum and the UB.
Air in the lumen of the vagina is often seen as a bright streak.

Typically, five layers of the rectal wall can be seen from inner
to outermost as follows: 1) interface between the probe and
the mucosa (hyperechoic); 2) deep mucosa and muscularis mu-
cosa (hypoechoic); 3) submucosa (hyperechoic); 4) muscularis
propria layer (hypoechoic) which is separated into inner circular
hypoechoic layer and outer longitudinal layer by a hyperechoic
fibrous band; and 5) interface between the serosa and perirec-
tal fat (hyperechoic) (▶Fig. 2). The perirectal fat has mixed
echogenicity and perirectal lymph nodes (hypoechoic) may oc-
casionally be seen.

At the anorectal junction (4 cm from the anal verge), the cir-
cular muscle part of the muscularis propria of the rectal wall
becomes thickened, and its continuation is the IAS, which is
seen as thick hypoechoic layer. Superficial to the IAS are the al-
ternating hypoechoic and hyperechoic layers of the inter-
sphincteric area that separate it from the EAS, which is a bright
hyperechoic layer just below the skin (▶Fig. 3). At the distal
part of the anal canal, the IAS ends and is replaced by EAS (sub-
cutaneous part and corrugator cutis ani) (▶Fig. 4).

Clinical applications
Benign diseases

REUS plays an important role in diagnosis of benign diseases,
such as inflammatory conditions, perianal abscesses, and fistu-
lae [7, 8].

Perianal and perirectal abscesses

REUS can be used to visualized abscesses that are not evident on
clinical examination and identify their relationship with the anal
canal and rectum and to detect presence of fistulae [9–11]. Ab-
scesses usually appear as anechoic or hypoechoic areas with in-
ternal echoes of cellular debris, and often are surrounded by hy-
perechoic borders [12]. EUS-guided drainage of these kinds of
abscesses is a safer, simpler, and more attractive procedure
than surgical or percutaneous drainage because it has a mini-
mal risk of injury to intervening vessels and minimal risk of leak-
age at the puncture site. In addition, it is feasible for internal
stent deployment, which is more comfortable for patients [13].

Fistula in ano

Fistulae may originate below or above the dentate line, and
then are classified as low or high [14]. They are divided into
four groups (▶Fig. 5) [15]: inter-sphincteric (low or high) type
(45% of cases); trans-sphincteric (low or high) type (30%); su-
pra-sphincteric (high) type (20%); extra-sphincteric (high)
type (3%) (▶Fig. 6); and "submucosal fistula (low), which is ex-
tremely superficial and does not involve the anal sphincters
(▶Fig. 5).

In clinical practice, fistulae are also classified as either simple
with only one opening or complex with multiple openings [16].

Surgery is the most effective treatment for fistula in the
anus. Anal fistulae have a tendency to recur because fistula
anatomy is delineated incorrectly or an occult abscess or sec-
ondary fistula is missed, so preoperative imaging can help iden-
tify abscess and accessory tracts that are not easily identified
[17, 18]. Magnetic resonance imaging (MRI) is the gold stand-
ard for imaging fistula tracts; however, because of financial
constraints, REUS is a viable alternative to MRI [19, 20].

Preoperative REUS for fistula can identify the internal open-
ing (▶Fig. 7) and the fistula tracts [21].

On REUS, the sign of a fistula is a continuous linear structure,
hypoechoic gap in the subepithelial area, a defect in the IAS,
and a hypoechoic area in the intersphincteric space. Gas bub-
bles can be seen in the fistula tract as hyperechoic foci (▶Fig.
6). A hypoechoic focus in the intersphincteric space that abuts
the internal sphincter is a common indirect sign of presence of
the internal opening [22, 23].

EUS was found to be superior to computed tomography with
a sensitivity of 82% versus 24%, respectively, in a prospective
blinded study of 25 CD patients with suspected perianal invol-

▶ Fig. 5 Different types of perianal fistulae.

▶ Fig. 6 An extra-sphincteric (high) fistulous tract with hyperechoic
air dots extending from a rectal mass into the urinary bladder.
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vement. A 5-MHz radial scanning probe was used to conduct
the ultrasound examinations. Surgery or fistulography was
used as the gold standard [24].

One of the prospective studies comparing MRI and EUS for
perianal fistulas in CD found endosonography to be the most
sensitive modality for imaging fistulas. In this pilot study of 22
patients, surgical evaluation was used as the gold standard. The
agreement for fistulas with the surgical findings for endoso-
nography and MRI was 82% and 50%, respectively. Ultrasound
was performed with a 7-MHz linear scanning probe [25].

Similar conclusions were reached in another study of 34 pa-
tients with CD who were suspected of having perianal fistulas.
Patients underwent EUS and MRI within the same week fol-
lowed by surgical examination under anesthesia (EUA). The
gold standard anatomy was defined after reviewing data from
all three modalities. All three methods demonstrated good
agreement with the gold standard (EUS 91%, MRI 87%, and
EUA 91%). The accuracy increased to 100% when EUA was com-
bined with either EUS or MRI [26].

A meta-analysis [27] that evaluated diagnostic performance
of EUS and MRI in identification and classification of perianal
fistulas in patients with CD confirmed a high sensitivity (87%)
of both techniques. In contrast, the specificity of both methods
was low with MRI being slightly higher (69%) than EUS (43%).

REUS in Crohnʼs disease

Perianal fistula is one of the major complications of CD. REUS
and pelvic MRI are accurate for early detection of the presence
of fistulae, which is the key to controlling the disease [28, 29].
REUS can accurately identify fistulae, secondary extension
(▶Fig. 8) and presence of abscess, and it is an available tool for
monitoring the effect of treatment and improving outcomes
for patients with CD [30–33].

Differentiation between ulcerative colitis and
Crohn’s disease

Inflammatory bowel disease (IBD) is a chronic immune intes-
tinal disorder with two main subtypes: ulcerative colitis, an in-
flammatory mucosal disease, and CD, a transmural inflamma-
tion of gastrointestinal mucosa [34]. Based on the fact that
there is no single standard method for diagnosing CD [35], the
differentiation between the categories can be difficult, particu-
larly when only the colon is involved. Actually, in 4% to 6% of UC
patients undergoing proctocolectomy with ileoanal pouch for-
mation, CD is subsequently diagnosed with significant morbid-
ity and a high rate of pouch failure [36]. REUS can be used as an
efficient tool with acceptable accuracy to clearly differentiate
CD and UC, especially when a definite diagnosis cannot be
reached by macroscopic examination and histopathology. EUS
measurement of wall thickness was highly predictive of the lev-
el of inflammation in patients with active IBD versus those in re-
mission. Active UC patients showed prominent thickening of
the mucosal layer, differentiating them from patients with ac-
tive CD who had significant thickening of the submucosal layer.
In the same sense, presence of para-colonic lymph nodes dur-
ing REUS can also raise the suspicion of CD rather than UC [37,
38].

REUS elastography in IBD

REUS elastography (REUS-E) can also help to distinguish be-
tween CD and UC by identifying changes in tissue elasticity be-
tween the two disorders, depending on the difference in wall
layer involved in each disorder. A substantial difference in rectal
wall thickness and strain ratio (measured between the rectal
wall and perirectal tissue) was found in a pilot study [39] com-
paring CD patients to UC patients, with the CD group having a
significantly thicker rectal wall and a considerably higher strain
ratio in active CD than active UC patients. Furthermore, a sig-
nificant difference in rectal wall thickness between CD patients
and controls without rectal involvement was found, which
could indicate the need to identify such individuals early in the
course of the disease and monitor them prospectively to see if
they develop rectal involvement or perianal disease. On the
other hand, active UC patients had a strain ration that was not
significantly different than for non-IBD controls, reflecting the

▶ Fig. 8 Thickened irregular rectal wall with extraluminal extension
in a patient with severe proctitis due to colonic Crohn’s disease.

▶ Fig. 7 Endoscopic view of the internal opening of a recto-vesical
fistula.
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fact that in UC, the inflammatory process is limited to the mu-
cosa and submucosa, resulting in rectal wall thickening in acute
inflammation but no alterations in perirectal tissue as evaluat-
ed by strain ratio. In contrast, CD as a transmural disorder
usually affects the peri-rectal tissues, which implicates a higher
strain ratio.

Thus, in clinical practice, REUS could be considered an easy,
affordable, less invasive diagnostic and follow-up tool with
acceptable accuracy in IBD patients compared to other imaging
and laboratory investigations.

Summary of REUS applications in IBD
patients

Confirming the Diagnosis and differentiating
between UC and CD

Pelvic MRI is frequently used to evaluate perianal and perirectal
CD complications; however, REUS works well in cases in which
MRI is contraindicated and the EUS operator has sufficient
training [40].

REUS can be used as an efficient tool with acceptable accu-
racy to clearly differentiate CD and UC, especially when a defi-
nite diagnosis cannot be reached by macroscopic examination
and histopathology. EUS measurement of total wall thickness
was highly predictive of the level of inflammation in patients
with active IBD versus those in remission. Active UC patients
showed prominent thickening of the mucosal layer, differen-
tiating them from patients with active CD who had significant
thickening of the submucosal layer. In the same sense, pres-
ence of para-colonic lymph nodes during REUS can also raise
the suspicion of CD rather than UC [41].

Preoperative classification of perianal fistulizing CD

This enables the best surgical planning and outcome prediction
for the intended surgery. Imaging can categorize fistulae as
simple or complex, which can influence the choice of treatment
[42]. Anal endosonography, when conducted prior to surgery,
reportedly changed the course of treatment in 38% of instan-
ces, typically favoring a more conservative approach [43].

Assessment of activity of perianal fistulizing CD

Evaluation of disease activity is done as part of therapy planning
for perianal fistulizing CD. Active fistulae need to be treated
medically and occasionally surgically.

At EUS, a fistula is considered active if it appears strongly hy-
poechoic, possibly with hyperechoic internal echoes as a result
of a predominantly liquid content and the presence of gas bub-
bles deriving from suppurative inflammation [44].

Prognostic value and monitoring medical treatment

EUS may be easier to repeat and use to monitor treatment re-
sponse. In several studies [45–47], EUS was assessed for its abil-
ity to monitor the progress of fistula healing in patients with
perianal CD. In addition, EUS has good technical and clinical
success for diagnosing and possibly treating pelvic abscesses
associated with CD [48]. In a pilot trial with a small number of

patients, Spradlin et al. reported in 2008 that use of EUS ima-
ging decreased the need for repeat surgery and enhanced the
effectiveness of therapy [49].

Solitary rectal ulcer syndrome

Solitary rectal ulcer syndrome (SRUS) is a benign condition that
affects the rectum and is commonly caused by straining or ab-
normal defecation, mostly in young people [50]. SRUS is char-
acterized by submucosal layer thickening and muscle layer en-
largement, which can be delineated using REUS, which will be
of great benefit to exclude other possible pathologies as malig-
nancy and IBD [51].

Neoplastic diseases

Colorectal cancer is the second most common cause of cancer-
related deaths [52, 53]. Among the colorectal cancers, 98% are
adenocarcinomas [54]. Accurate staging of rectal cancer re-
mains the primary and most important factor in treatment of
patients with rectal cancer [55, 56].

Classically, rectal tumors are staged according to TNM stage.
REUS is highly accurate in assessment of the T stage and N stage
[57, 58], but this is only appropriate for adenocarcinomas, not
other tumors such as sarcomas, lymphomas, carcinoids, and
melanoma [59].

T stage

REUS is the most accurate modality for depicting local depth of
invasion of rectal cancer into the rectal wall layers [60]. REUS is
more accurate at predicting early disease than other imaging
modalities, because of its higher anatomical resolution [61,
62]. Rectal carcinoma appears on REUS as a hypoechoic lesion
that abruptly interrupts the normal sequence of layers and the
morphology of the lesions [63, 64].

T1 is a tumor invading the submucosa. T2 invades the mus-
cularis propria. T3 is a tumor extending beyond the muscularis
propria into mesorectal or perirectal fat (▶Fig. 9).

T4 is directly invading other organs or perforating visceral
peritoneum.

However, for cancer located within the anal canal, the stag-
ing system is different from that of the rectum [65]. T1 cancer
is 2 cm (about 4/5 in) across or smaller. T2 is cancer more than
2 cm (4/5 in) but not more than 5 cm (about 2 inches). T3 is
cancer larger than 5 cm (about 2 in) across. T4 is any size and
growing into the vagina, urethra, prostate gland, bladder or
sphincters.

Transanal endoscopic microsurgery (TEM) and endoscopic
submucosal dissection have been widely used for patients with
early anorectal cancer because they can preserve the post-
operative defecation function, but these surgeries require ac-
curate assessment of whether the tumor has breached to the
submucosa.

N stage

For patients with rectal cancer, malignant lymph nodes in the
perirectal fat, adversely affect prognosis and survival [63, 66].
N1 stage is one to three malignant lymph nodes in perirectal
fat. N2 stage is more than three malignant lymph nodes. REUS
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is better in evaluating lymph nodes in the distal and middle
thirds of the rectum.

The sonographic criteria for malignant lymph nodes are size
greater than 5mm, irregular margins, mixed echogenicity,
spherical rather than ovoid or flat shape, and loss of the hyper-
echoic hilum [66].

Generally, REUS is not as accurate in predicting N stage com-
pared to T stage. The lower accuracy of N staging is attributed
to the observation that up to 50% of the malignant nodes are
less than 5mm in diameter [65]. To improve the accuracy, the
size of the lymph nodes should be measured in different planes
on REUS to ensure the size is measured in its largest diameter.
When necessary, REUS FNA of lymph nodes can help to confirm
the diagnosis [63].

Preoperative radio-chemotherapy (RCT) is the standard
treatment recommended for patients with locally advanced
rectal cancer [67]; however, neoadjuvant therapy is usually
associated with potential toxicity, early postoperative compli-
cations, and long-term dysfunction, such as fecal incontinence
and sexual dysfunction [68, 69].

After total mesorectal excision (TME), pathological involve-
ment of the conferential resection margin (CRM) is a prognostic
factor associated with high local recurrence rates and poor sur-
vival [70].

Patients with free CRM predicted by MRI can undergo TME
alone without preoperative RCT, which results in a low risk of
local recurrence. In addition, patients can avoid overtreatment
with preoperative RCT [66].

REUS can be an adjunct to MRI for predicting CRM involve-
ment in anterior rectal cancer, especially in the lowest third of
the rectum, with a high negative predictive value (97.2%), al-
lowing identification of patients with free CRM who can be re-
ferred for direct TME surgery without preoperative RCT [71].

Tumor height

Tumor height should be measured from the lowest point of the
tumor attached to the wall to the anal verge [72]. Tumors more
than 10 cm from the anal verge are considered high rectal can-
cers and tumors located between 5 to 10 cm are middle rectal
cancers. Low rectal cancer, defined as within 5 cm of the anal
verge, have a higher risk of recurrence [73].

Extramural tumor growth or depth
Some clinicians believe that it is more important to measure the
depth of extramural spread in the mesorectal fat than to ascer-
tain the T stage [73–75]. The rationale is that a T2 tumor has
the same prognosis as a T3 tumor with a depth less than 1
mm. Moreover, a T3 tumor with minimal invasion has a more
favorable prognosis than an advanced T3 tumor. REUS, espe-
cially 3D-REUS, is able to accurately demonstrate extramural
tumor depth.

Rectal EUS in early-stage rectal cancer

Overall, EUS sensitivity for early-stage colorectal cancer varies
between 57% and 91%. A meta-analysis that was done in 2009
and included 42 studies (n =5039) reported 87.8% pooled sen-
sitivity and 98.3% pooled specificity for detection of rectal T1
lesions by EUS [63]. Another meta-analysis that was carried on
2014 by Gall et al including 10 studies focused on the utility of
mini-probe EUS for staging colorectal cancer. It showed a
pooled sensitivity of 91% and a specificity of 98% for staging
of T1 tumor. The accuracy of diagnosis of T and N stages was
88% and 82%, respectively, regardless of tumor location or ex-
tension [76].

Marusch and colleagues reported an EUS accuracy of 63.3%
in a study of 1463 patients with rectal cancer in Germany [77].
Another study suggested that EUS can be highly accurate in
staging rectal lesions, specifically lesions that are T1-T2N0,
especially adenocarcinomas and carcinoids [78].

There many types of treatment for anal cancer. Initial treat-
ment depends mainly on accurate staging [79]. Local excision
can be used with or without the addition of chemo-radiother-
apy for small, well-differentiated lesions (< 1 cm) not involving
the sphincters.

Endoscopic resection of early colorectal carcinomas (Tis/T1)
may be feasible and can be determined by the size and depth of
invasion of the submucosa. Hence, early colorectal carcinomas
(Tis/T1) with limited possibility of lymph node metastasis tend
to be curable. Surgery is recommended for obvious clinical T1b
(involving more than one-third of the submucosal) carcinomas
[80].

EUS can be used for initial locoregional staging and to moni-
tor response to therapy. Also, EUS may be superior to MRI for
detection of small superficial tumors [79, 81]. EUS-guide sam-
pling can be used also in detecting recurrent anal cancer if
standard biopsy is unable to differentiate tumor recurrence
from radiation-induced changes [82].

Staging of prostatic cancer

EUS has emerged as a tool to evaluate prostatic cancer staging.
Transrectal rigid ultrasound (TRUS) is a conventional tool cur-
rently used for prostatic cancer staging. However, patient in-
convenience and lack of tolerance has been frequently reported
during TRUS. In a pilot study conducted on 23 patients who
were suffering from prostatic cancer, EUS exhibited high sensi-
tivity, specificity, and accuracy for T2 and T3 lesions. In con-
trast, EUS was not the modality of choice in detecting T1 lesions
when compared to the other conventional methods [83].

▶ Fig. 9 T3 rectal carcinoma.
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Rectal neuroendocrine tumors

EUS can play a pivotal role in diagnosing rectal neuroendocrine
tumors (NETs) because of its detailed characterization of rectal
wall layers. Rectal NET appears as smooth hypoechoic submu-
cosal lesions on EUS imaging. European Neuroendocrine Tumor
Society consensus guidelines recommend EUS as a valuable tool
for evaluate of tumor size, depth of invasion especially beyond
the muscularis propria layer, and detection of lymph node me-
tastasis in order to determine subsequent endoscopic or surgi-
cal intervention [84].

Rectal polyps

Biopsies of rectal tumors can miss focal carcinoma in up to 24%
of cases, which is a crucial step when considering endoscopic
mucosal resection and ESD [81]. EUS reduces the rate of missed
carcinomas from 21% to 3% and correctly establishes a cancer
diagnosis in 81% of misdiagnosed lesions.

Conclusions
REUS examination using the linear scope has significant diag-
nostic and therapeutic roles to play in management of various
benign and neoplastic pathologies of the rectum and surround-
ing tissues. In this review, we have emphasized common tech-
niques for this procedure and the implications for use of the
technology in clinical practice.
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