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Preface

Endoscopic ultrasound (EUS) has been introduced in clinical practice since 1980 (DiMagno
EP 1980)1. During the past few decades, the application of this instrument has been extended
tremendously. EUS is able to provide direct visualization beyond the walls of gastrointesti‐
nal tract, and fine-needle aspiration is extremely useful for the diagnosis of benign and ma‐
lignant disease of adjacent structures, for example the mediastinum, pancreas and pelvic
organs, that may be difficult to reach otherwise. In the recent years, reports on the basic
principles and applications of EUS in upper gastrointestinal and pancreaticobiliary diseases
have been extensively published. This book provides an overview of endoscopic ultrasound,
from usual to special applications.

This book provides the readers with an update on some usual applications of EUS such as
pancreatic cysts and subepithelial lesions. On the other hand, this book also provides insight
into several interesting special clinical applications, such as endobronchial ultrasound in
mediastinal lymphadenopathy, endoluminal ultrasonography of the rectum as well as the
endoscopic ultrasound and intestinal endometriosis. This book will be valued by surgeons,
gastrointestinal and respiratory physicians as well as gynaecologists who strive to know
more on the application of EUS.

Charing Chong, MBChB, MSc, FRCSEd(Gen)
Assistant Professor

Division of Hepatobiliary and Pancreatic Surgery
Department of Surgery

Prince of Wales Hospital
The Chinese University of Hong Kong
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Abstract

Pancreatic cystic lesions (PCLs) comprise various pathologically different groups of
lesions that usually share many common clinical  features.  Cystic lesions and fluid
collections  of  the  pancreas  often  present  a  diagnostic  and  therapeutic  challenge.
Pancreatic cystic lesions are being diagnosed with increasing frequency owing to the
widespread use of cross-sectional imaging. The differential diagnosis for cystic lesions
of the pancreas is broad, and the role of endoscopic ultrasonography (EUS) is becoming
more clearly defined. EUS has become an important tool in the diagnosis and risk
stratification of pancreatic cysts. The ability of EUS to provide detailed imaging, tissue,
and cyst fluid for analysis makes it a seemingly powerful diagnostic tool for PCLs. It
can  accurately  visualize  the  cyst  morphology,  assess  vascular  pattern  by  contrast
harmonic scan, and perform fine-needle aspiration (FNA) for evaluation of cytology
and  molecular  markers.  Furthermore,  several  studies  have  shown the  therapeutic
applications of endoscopic ultrasound in management of PCLs, including EUS-guided
ablation  of  cystic  pancreatic  tumors  by  injection  of  alcohol,  aiding  in  pancreatic
pseudocyst drainage.

Keywords: pancreatic cysts, EUS, IPMN, mucinous cytadenoma, serous cystadenoma

1. Introduction

Pancreatic cystic lesions (PCLs) are being diagnosed with increasing frequency, including a wide
spectrum from benign to malignant and invasive lesions. The most commonly observed PCL
types include intraductal papillary mucinous neoplasms (IPMN), mucinous cystic neoplasms
(MCN), serous cystic neoplasms (SCN), and pseudocysts (PC) [1, 2]. Differentiation of neoplastic
mucinous from non-mucinous cysts that are managed quite differently is important. If non-
mucinous pancreatic lesions such as inflammatory pseudocysts and neoplastic lesions are

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.
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accurately characterized, most does not require resection or long-term follow-up. Mucinous
neoplasms have a known pre-malignant potential and, therefore, are either resected or monitored
in a surveillance program [3, 4].

Preoperative diagnosis of PCLs must be reliable as the current standard treatment, major or
total pancreatectomy, dramatically affects quality of life. Additionally, early diagnosis of
malignancy is essential to an improved prognosis. Despite being the most common modality
to identify cystic pancreatic lesions, cross-sectional imaging plays a variable role in character-
izing these lesions. Endoscopic ultrasonography (EUS) has become an important tool in the
diagnosis and risk stratification of pancreatic cysts [5–7].

EUS was first introduced by Dr. Eugene DiMagno in the 1980s by combining a high frequency
ultrasound transducer to an endoscope. In 1991, convex linear-array echoendoscope was
introduced by Pentax. These linear scopes scan parallel to the longitudinal axis of the scope
and enable fine-needle aspiration (FNA) and different therapeutic applications. EUS provides
real-time high-resolution images of cystic pancreatic lesions with morphological details [6, 8].
The combination of fine-needle aspiration (FNA) cytology with the other recently available
diagnostic markers has further increased its diagnostic accuracy. The current diagnostic
evaluation of PCL often includes EUS-guided fine-needle aspiration (EUS-FNA) for cyst fluid
analysis. In addition to the role of EUS in the differential diagnosis of pancreatic cystic lesions,
EUS-FNA is also important in management of cystic tumors of the pancreas [9, 10].

2. Diagnostic role of EUS

The critical issue being faced in routine clinical practice is accurate preoperative characteriza-
tion of cystic lesions. Histology remains the gold standard but requires resection. Since that is
impractical for most low risk lesions, imaging provides indirect evidence of morphology.
Pancreatic cysts can be diagnosed and assessed by using computer tomography (CT) and
magnetic resonance (MR), but these imaging modalities have been inconsistent in differenti-
ating them [3, 11]. CT scan, MRI, and MRCP are generally considered safe and reliable in
providing follow-up data on cyst and pancreatic duct size but are less sensitive in detecting
intra-mural nodules, which are better evaluated by EUS-FNA [6, 12]. The accuracy of MRI and
CT to make a specific diagnosis is suboptimal, with reports of 39–50 and 40–44%, respectively.
Efforts to differentiate pancreatic cystic lesions from imaging tests have met with mixed
success, with up to 40% of neoplastic cysts misdiagnosed as pseudocyst [3, 7]. EUS, particularly
as a means of EUS-guided cyst aspiration, has become an important tool in the diagnosis and
risk stratification of pancreatic cysts. The diagnostic accuracy of EUS for identification of
malignant or pre-malignant pancreatic cysts reaches 95%, although this method has significant
limitations for the differential diagnosis of benign and malignant cysts with overall accuracy
rates of 40–93% [7, 11].

The goal in assessing pancreatic cysts by EUS is to avoid characterizing a mucinous cyst as a
benign serous cyst and erroneously opting for simple observation instead of potentially curable
surgical resection. Endoscopic ultrasound is increasingly used for the differential diagnosis of
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pancreatic cystic lesions either alone or in combination with fine-needle aspiration. EUS allows
close and high-resolution imaging of cystic pancreatic lesion morphology. The appearances of
the cyst wall, the presence of septate or solid components, the number of cysts, and concomitant
lymphadenopathy have been used to distinguish between benign and malignant cystic
lesions [6, 13]. EUS-FNA has the added advantage of allowing aspiration of the cyst contents
and sampling of the cyst wall or septa, as well as mural nodules. Cyst fluid aspiration can be
more studied to analyze cytology, tumor markers, enzymes, as well as DNA analysis of DNA
quality/content or mutational analysis [9, 14].

2.1. EUS morphology

Some PCLs have a very typical morphology and may thus be easily diagnosed by imaging.
Diagnosis based on the findings of EUS requires attention to the number and size of cysts,
shapes of whole cysts, state of the cyst wall, internal state of the cysts, communication between
the pancreatic duct and the cyst, and existence of any background lesions (Table 1). It is
generally believed that a differential diagnosis is practicable partly by collating these findings
with the above features of the various pancreatic cystic lesions [15, 16].

Cyst type Location Morphology/EUS
findings

Fluid color
and viscosity

Cytology CEA1 Amylase

Mucinous
cystadenoma

Body/tail
more than
head

Macrocystic,
occasionally septated;
peripheral calcifications,
soli components and
regional adenopathy
when malignant

Colorless,
thick fluid

Extracellular mucin.
Mucinous epithelial
cells may be seen in a
background of
ovarian stroma

Moderate to
very high

Variable

IPMN2 Main duct or
side branch;
head more
than body
and tail

Dilated main pancreatic
duct or
side branches; may
appear as a septated
cyst; may have a
solid component

Colorless,
thick fluid

Extracellular mucin.
Mucinous epithelial
cells
may be seen with
papillary projections
and variable atypia

Moderate to
very high

Elevated

Serous
cystadenoma

Body/tail
more than
head

Microcystic with a
honeycomb appearance;
rarely
has a macrocystic
component; central
calcification

Colorless,
often
contain
blood

Typically acellular.
Small glycogen
staining  cuboidal
cells in the background
may be seen

Undetectable
to low

Low

Pseudocyst Anywhere Anechoic, thick-walled,
rare septa
tions, regional
inflammatory nodes may
be seen

Yellow to
brown thin
fluid

Macrophages with no
mucin. Mixed inflam
matory infiltrate may be
seen

Low to at
least increase

Elevated

1Carcinoembryonic antigen.
2Intraductal papillary mucinous neoplasm.

Table 1. Characteristics of cyst fluid in the main types of cystic pancreatic lesions [2, 6].

Several EUS findings have been evaluated to diagnose pancreatic cystic lesions. Studies have
shown that small cyst size does not exclude malignancy. Some features do appear to be more
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predictive in diagnosing specific types of cystic lesions. The existence of multiple small
compartments (<3 mm) within a cystic lesion (also called a microcystic lesion) is indicative of
a serous cystic neoplasm, with an accuracy of 92–96%, and this feature is not seen in mucinous
cystadenomas. A cystic lesion without septations or solid components and seen within a
pancreas having parenchymal features suggestive of a pseudocyst with sensitivity and
specificity of 94 and 85%, respectively. However, EUS morphology alone does not appear to
be very reliable to establish a specific diagnosis or to differentiate between benign and
malignant diseases (Figures 1 and 2) [2, 6, 7].

Figure 1. Main-duct intraductal papillary mucinous neoplasm (MD-IPMN): thick wall with mural nodules—by Prof.
Alizadeh.

Figure 2. Cyst fluid evaluation-EUS/FNA—by Prof. Alizadeh.
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2.2. Cyst fluid evaluation

EUS-FNA allows aspiration of the cyst contents and plays an important role in differential
diagnosis of doubtful cases of pancreatic cysts. Cyst fluid analysis is useful in differential
diagnosis between mucinous and non-mucinous pancreatic cystic tumors. Cystic fluid aspirate
is acellular or with minimal cellularity in up to 72% of aspirated cysts. Cyst fluid can be studied
after aspiration to analyze cytology, viscosity, extracellular mucin, tumor markers (CEA, CA
19-9, CA 153, Ca 72-4, etc.), enzymes (amylase, lipase), and DNA analysis. Analysis of cystic
fluid aspirate can be used to differentiate mucinous from non-mucinous cysts with a sensitivity,
specificity, and accuracy of 12.5–27, 90–100, and 55%, respectively [7, 17].

2.2.1. EUS-FNA with cyst fluid cytology

Due to the shortcomings of EUS alone, the use of EUS-FNA has been extensively evaluated for
fluid analysis and cytology of pancreatic cystic lesions. EUS-FNA cytology provides excellent
specificity (more than 90%) for the diagnosis of cystic pancreatic lesions. However, the
sensitivity of EUS-FNA remains widely variable with most studies reporting sensitivity under
50% [6, 7].

EUS-FNA can provide material for a cytologic diagnosis in up to 80% of cases of pancreatic
cystic lesions. Viscosity is usually lower in pseudocysts and serous cystadenomas when
compared with mucinous cystadenoma and mucinous cystadenocarcinoma. Furthermore, the
presence of extracellular mucin in aspirated cyst fluid is moderately predictive of a mucinous
neoplasm. Findings suggestive of a pseudocyst include macrophages, histiocytes, and
neutrophils. The presence of mucin indicates a mucinous neoplasm and is seen in 35% or more
of cases. FNA from a minority of serous cystadenoma may reveal the presence of glycogen-
rich cuboidal cells (Table 1) [2, 11, 18].

2.2.2. Cystic fluid analysis and tumor markers

Because of the limited sensitivity of cytology, cyst fluid may be analyzed for levels of amylase,
lipase, and tumor markers, such as carcinoembryonic antigen (CEA) and carbohydrate antigen
(CA) 19-9. Early studies in the 1980s suggested the role of CEA and CA 19-9 in the differen-
tiation of pancreatic cystic lesions [9, 18].

Cyst fluid contains glycoproteins, such as CEA, CA 19-9, CA 125, CA 15-3, and CA 72-4,
which are secreted from the epithelial lining. CEA is currently considered the most reliable
for the diagnosis of mucinous cystic pancreatic lesions. This marker is typically elevated in
mucinous lesions but is lower in pseudocysts and non-mucinous tumors [6, 7]. CA 19-9 also
has wide overlapping of results with pseudocysts and serous cystadenomas. Furthermore,
other markers such as amylase and lipase may be important in the evaluation of cystic pan-
creatic lesions. Amylase is useful in the differentiation of pseudocysts from cystic neoplasm
and usually elevated not only in inflammatory cysts like pseudocysts but also in mucinous
neoplasm due to communication with the pancreatic duct (Table 2) [6, 9, 13].
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Cyst Viscosity Amylase CA 72-4 CEA CA 15-3 CA 19-9

Pseudocyst Low High Low Low Low Low

Serous cystadenoma Low Variable Low Low Low Low

Mucinous cystadenoma Often high Variable Low High High High

Mucinous cystadenocarcinoma High Variable High High High High

Table 2. Cyst fluid analysis for differentiation of pancreatic cystic lesions [19].

2.2.3. Cystic fluid analysis and genetic markers

Another differential diagnosis of pancreatic cystic lesions is DNA and mutational analysis in
the cystic fluid aspirated by EUS-FNA. Molecular analysis of pancreatic cyst aspirated fluid
may be helpful in predicting malignancy. The detection of loss of heterozygosity (LOH) by
using microsatellite markers closely linked to key tumor suppressor genes can serve as a
surrogate marker for gene inactivation and mutation [11, 18].

Molecular markers are greatly sought as a more reliable alternative diagnostic marker for many
malignancies, due to the revolution in translational science. Specific genetic markers are
increasingly identified and used to measure the risk of malignancy in pancreatic cystic lesions.
It is believed that IPMNs should follow a transformation process similar to the adenoma-
carcinoma sequence in colon cancer, where hyperplastic lesions progress to dysplastic and
carcinoma cells. Recently, the oncogene GNAS was detected in IPMN tissue. Some reports have
indicated that GNAS mutations are prevalent especially in the intestinal and invasive form of
IPMN. Furthermore, mutations in K-ras, p16, and p53 have been reported in associated with
progression of cystic pancreatic lesion from non-dysplastic to dysplastic cysts [6, 7, 18].

3. Therapeutic role of EUS

Management of incidentally detected pancreatic cysts with malignant potential is a common
clinical challenge. Surgical resection is the treatment of choice for most suspicious cystic lesions
of the pancreas [12, 19]. Surgical resection of pancreatic cyst is associated with a perioperative
morbidity rate of 20–40% and a mortality rate of 2%. EUS can be used to mark the optimal
puncture site or to perform EUS-guided cyst puncture and drainage. Moreover, EUS-guided
anti-tumor therapy may be applied to cystic pancreatic tumors, and early results of EUS-
guided alcohol injection into pancreatic cystic tumors were recently reported [2, 10, 19].

3.1. Endoscopic drainage

A pancreatic pseudocyst is the most common cystic lesion of the pancreas. Pseudocysts should
be drained when symptomatic, progressively enlarging, or infected. Pseudocysts have been
drained through stenting of the pancreatic duct (transpapillary drainage) or stenting of a
drainage tract created between the pseudocyst and the gastroduodenal lumen (transmural
drainage). Drainage can be achieved through endoscopic, radiologic, or surgical techniques.
Endoscopic drainage of pancreatic pseudocysts is less invasive than surgery [14, 20].

Endoscopic Ultrasound - From Usual to Special8
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Endoscopic methods for pancreatic pseudocyst drainage are associated with low mortality and
acceptable success rates. EUS-guided drainage is associated with a low rate of complications.
Prior to the availability of EUS, transmural endoscopic cyst drainage was reliant on a combi-
nation of radiologic imaging to ensure a distance of less than 10 mm between gastrointestinal
lumen and cyst. Endoscopic drainage may be performed as so-called single-step endo-
ultrasonography (EUS)-guided and two-(multi)-step EUS-guided drainage techniques [14,
17]. EUS has the theoretical advantage of reducing the risks of bleeding, perforation, and,
potentially, infection. Furthermore, this technique can provide important information in aiding
pancreatic pseudocyst drainage. It allows accurate measurement of the distance between the
gut lumen and the cystic cavity of the pseudocyst. EUS is helpful in identifying debris within
a pseudocyst, which may not be drainable and which may increase the risk of infection [21, 22].

3.2. EUS-guided pancreatic cyst ablation

EUS-guided pancreatic cyst ablation is practically an alternative treatment in selected patients
who are not candidates for or who refuse surgery. Based on the accumulated experiences of
endoscopic ultrasonography-guided fine-needle aspiration (EUS-FNA), EUS-guided pancre-
atic tissue ablation with ethanol or other ablative agents was performed safely, with few
procedure-related complications [12, 23]. Complications of cyst ablation were reported as rare
and mild. The most common acute complication was abdominal pain after cyst ablation (7.9%)
and acute pancreatitis developed in 2%. Although a novel technique such as radiofrequency
ablation was recently reported, it is still unclear whether or not cyst ablation is justified. Safety,
efficacy, and cost-effectiveness of EUS-guided pancreatic cyst ablation should be further
validated [7, 24].

To date, ethanol (80–99%) and paclitaxel have been investigated as ablative agents in pancreatic
cysts. A commonly used ablative agent is ethanol owing to its cost-effectiveness, ready
availability, and rapid ablative effect. The low viscosity of ethanol permits repeated filling and
emptying of the cyst [7, 23].

Ablation of the epithelial lining of a pancreatic cystic neoplasm has been proposed as a way
to reduce or eliminate malignant or metastatic potential in benign and malignant lesions,
respectively. Ethanol lavage of MCN and IPMN cystic lesions by using EUS guidance appears
to be safe, but its efficacy has not yet been determined. The mechanisms involved in destruction
of cyst epithelium include cell membrane lysis, rapid protein precipitation, and vascular
occlusion. Treatment response is further supported by adding a chemotherapeutic agent (most
commonly paclitaxel), which acts as an inhibitor of the disassembly process of microtubules
during cell division and subsequently inducing apoptosis [18, 25].

4. Conclusion

Pancreatic cystic lesions (PCLs) comprise a diverse group of histopathologic bodies possessing
varying degrees of malignancy. PCLs range from benign abnormalities needing minimal
follow-up to pre-malignant or malignant lesions requiring careful monitoring or resection. The
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diagnosis and management of pancreatic cystic lesions are a common problem. EUS and EUS-
guided fine-needle aspiration (FNA) can play an important role in the differential diagnosis
of pancreatic cystic lesions and decision about referral for possible surgery by evaluating
cytology and tumor markers. There is some emerging evidence that EUS-guided pancreatic
cyst ablation by injection of alcohol can help to treatment of the cystic pancreatic tumors.
Furthermore, EUS can provide important information in aiding pancreatic pseudocyst
drainage.
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Abstract

A subepithelial lesion (SET) is defined as a lesion, bulge or impression visible within the 
lumen of the gastrointestinal tract that is covered by normally appearing mucosa and 
usually found incidentally during routine endoscopy. Such a lesion could be either an 
intramural mass or an impression caused by extramural structures. The old terminology 
has recently been replaced by the term “subepithelial lesion” because intramural lesions 
may arise and can be located in any layer of the GI wall underneath the epithelium. The 
most common SELs are gastrointestinal stromal tumors (GISTs), leiomyomas, lipomas, 
granular cell tumors (GCTs), pancreatic rests and carcinoid tumors. The prognosis varies 
from benign to potentially malignant. While the majority of the lesions are considered 
benign, some tumors such as GISTs and carcinoids have a strong propensity for malig-
nant transformation. Endoscopic ultrasonography (EUS) is the most accurate diagnostic 
method for distinguishing between extraluminal compressions and intramural lesions 
and plays a critical role in the detection and management of SELs. This is because EUS 
can reveal the precise sonographic nature of the lesion even though sometimes there are 
complex cases, which are difficult to diagnose by EUS alone. Performing routine biop-
sies and obtaining tissue samples for diagnosis can be difficult because SELs are located 
beneath the normal epithelial layer. Mostly, EUS allows the practitioner to extract an 
optimal tissue sample since it allows fine-needle aspiration (FNA) and fine-needle biopsy 
(FNB) both of which provide good results. With immunocytochemical staining, all these 
techniques increase the accuracy of the diagnosis. Evaluation of subepithelial lesions by 
means of EUS imaging will provide further characterization of the lesion to help guide 
us in appropriate differential diagnosis and further management. In this chapter, we pro-
vide a systematic EUS-guided approach to the diagnosis, management and later sur-
veillance for SELs, as well as presenting updated diagnostic techniques that may help 
physicians to appropriately manage these subepithelial lesions.

Keywords: endoscopy, endoscopic ultrasound (EUS), subepithelial lesion (SET), 
fine-needle aspiration (FNA), fine-needle biopsy (FNB), multidetector computed 
tomography (MDCT)
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1. Introduction

The prevalence of subepithelial lesions (SELs) detected on routine endoscopy is unknown; 
however, these are frequently encountered with 0.36% of EGD procedures. During the last 
10 years, the detection rate has increased, with advances in endoscopic technology with 
the more widespread use of EUS and close attention paid during routine endoscopy exams 
and reported with 1%, with an incidence of 1 in 300 patients [1]. The malignant lesions are 
reported with 13% accuracy [2]. Men and women are equally affected. Most of the patients 
are more than 50-year old. Usually US, CT and MRI are not sensitive enough to detect and 
characterize the majority of SELs since they can be smaller than 1 cm in size. SELs have 
a wide and diverse spectrum of etiologies (normal structures; benign lesions and malig-
nant tumor), clinical course, radiological, and understanding the endoscopic, EUS and 
underlying pathologic features of SELs is essential for their detection, differential diagno-
sis, staging and management. They are most commonly found in the stomach, esophagus 
and duodenum. The lower GI, rectum, and cecum are the commonest sites. Lipomas can 
be seen any part of the colon. They mostly occur in the rectum and cecum, but familiar 
lesions such as lipomas may be seen in any part of the colon. In SELs, the order was as fol-
lows: Gastrointestinal stromal tumor (GIST), leiomyoma, hemangioma, external compres-
sion, pancreatic rest and granular cell tumor (Table 1). Most benign SELs can be diagnosed 
according to their endoscopic appearance, but findings on routine biopsy are not usually 
that helpful. Benign SELs tumors have a lower detection rate due to the fact that they are 
often small and most patients are asymptomatic. A minority of cases present with abdomi-
nal pain, vomiting, anemia, dysphagia, or gastrointestinal (GI) bleeding and obstruction, 
most of which are likely to result from complications and depending on the site and size 
of the lesion. [3] Among SETs, the malignant potential of GISTs is related to size; how-
ever, malignancy can be detected in smaller lesions [4]. However, SETs can have malig-
nant potential, and it is therefore critical to be able to exclude malignant or premalignant 
lesions [5], the prognoses varying from benign to very aggressive with malignant potential. 

Common benign lesions

1 Lipomas

2 Ectopic pancreas

3 Schwannomas

4 Duplication cysts

Common malignant lesions

1 GIST

2 Lymphoma

3 Metastasis

Table 1. Differential diagnosis of SELs.
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Therefore, proper diagnostic and therapeutic plans are needed for GI SETs. For this  purpose, 
 endoscopic ultrasonography (EUS) is the most accurate diagnostic method [6]. The lesion 
can be evaluated based on its size, layer of origin and echotexture, echogenic homogeneity, 
and the presence of echogenic and anechoic foci. Border, extension to adjacent layers, irreg-
ular margins and invasion into adjacent organs or structures can all be used to help identify 
intramural lesions or direct further management (surgical resection, endoscopic submu-
cosal resection/dissection) or studies (special stains and immunohistochemical evaluation 
of tissue samples) [7, 8]. There are some typical findings for some GI SETs such as lipoma, 
duplication cysts, and ectopic pancreas [7, 9]. However, most hypoechoic SELs make it diffi-
cult to come to a final diagnosis using EUS images alone. Biopsy is necessary for the definite 
diagnosis of GI SETs. Despite obtaining appropriate biopsy specimens, using an endoscopic 
biopsy procedure is often difficult and inconclusive [10]. To overcome the limitations of 
conventional endoscopic biopsy methods, using the bite-on-bite biopsy technique [11], 
EUS-guided cytology or biopsy methods, such as EUS-guided fine-needle aspiration (EUS-
FNA), EUS-guided fine-needle biopsy (EUS-FNB) technique, have now been introduced to 
obtain sufficient tissue. EUS-tissue sampling is a safe procedure for the diagnosis of GI SETs 
and is used for cytological studies. Immunohistochemical staining (IHS) methods are used, 
resulting in good diagnostic yields. Recently, EUS-FNB has been introduced and reportedly 
provides good results for the diagnosis of GI SETs [8]. Although biopsy, including FNA 
and FNB or excision, is required for a definitive diagnosis. Management is generally based 
upon the confidence of diagnosis and whether the lesion causes symptoms. With advanced 
endoscopy technology and the more common use of EUS, the diagnosis and management 
of SETs has been changed.

2. Endoscopic ultrasound

Radial EUS and mini-probe EUS can reveal the precise nature and provide accurate diagnosis 
of GI SETs. SETs such as lipoma, duplication cysts, and ectopic pancreas exhibit some typical 
findings. Forward-viewing linear EUS has been introduced and has been shown to provide 
good image quality and shorter observation times in SETs than oblique-viewing linear EUS 
[12, 42]. EUS is the gold standard for evaluation of SELs with high precision. EUS is able 
to differentiate external compression from intramural lesion and to determine the layer of 
origin [13, 14]. The echogenicity of lesions is different. We can thus differentiate GISTs, leio-
myomas, and schwannomas. The echogenicity of a leiomyoma is equal to the echogenicity 
of proper muscle, while a GIST shows slightly higher echogenicity than that of the proper 
muscle, and a schwannoma shows extremely low echogenicity [2]. In addition, EUS is better 
at providing a more accurate indication of the size of lesion than other modalities. EUS can 
evaluate for regional lymphadenopathy. Tissue biopsy can be obtained. Finally, EUS helps to 
determine appropriate management of the case. Some noninvasive imaging methods, such 
as transabdominal ultrasonography (US), computed tomography (CT), and magnetic reso-
nance imaging (MRI), have been used, but they are often insufficient. With these methods, 
the transition zone (the area where the tumor arises from normal gut wall layers) needs to 
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be examined carefully to determine the layer of origin. The reported accuracy of EUS in 
predicting the pathologic diagnosis of subepithelial lesions showed a wide range, from 45.5 
to 82.9% [14–19]. The sensitivity and specificity of EUS malignant finding is 64 and 80%, 
respectively [6]. However, EUS findings are not sufficient to accurately predict malignancy 
[10]. If tissue was obtained from EUS-guided fine-needle aspiration (EUS-FNA), the diag-
nostic accuracy increased markedly, ranging from 63 to 98% [1, 26–28]. EUS-FNA for SETs 
using a forward-viewing linear EUS has provided good results: full histologic assessment 
rate of 93.4%, sensitivity of 92.8%, specificity of 100% [20, 42]. Tumor size and location are 
important factors for good sampling in EUS-FNA for GI SETs. The diagnostic rate for tumors 
≥4 cm was 100%, but for tumors of 2–4 and <2 cm, the diagnostic rates were only 86% and 
71%, respectively [21, 22]. Using cytology alone, differentially diagnosing GISTs from other 
mesenchymal tumors is not easy. Findings of mitosis in EUS-FNA specimens are known to 
be associated with malignant GISTs [29, 30], Ki-67 staining is helpful in evaluating the aggres-
siveness of GISTs [7, 23, 24]. Many studies have reported the use of various EUS-FNA needles 
to improve diagnostic accuracy. Tissue sampling and diagnostic rates for SETs were similar 
when comparing the use of 22 and 25 G EUS-FNA needles (sampling rate, sensitivity, posi-
tive predictive value, negative predictive value: 100, 55, 100, and 0% for 22 G needles; 100, 64, 
100, and 0% for 25 G needles) [25]. Furthermore, 25 G needles were superior to 22 G needles 
for diagnosing mobile small lesions. A histologic yield of 95% using this needle was similar 
to the 90% achieved in EUS-FNB using 19 G Pro-Core (Cook Endoscopy, Wilson-Salem, NC, 
USA) needles [26]. EUS-FNA with an on-site cytopathologist (rapid on-site cytopathological 
examination) resulted in a 10–29% increase in the adequacy rates of EUS-FNA specimens 
and a 10–15% increase in the diagnostic rate [27, 28]. Recently, EUS-FNB using reverse bevel 
cheese slicer technology has been introduced [29]. A study compared 22 G EUS-FNA and 
22 G EUS-FNB in EUS-guided GI SET sampling. The EUS-FNB group required a signifi-
cantly lower number of needle passes than the EUS-FNA group. The EUS-FNB group had 
higher yields of optimal macroscopic (30% vs. 92%,) and histological (20% vs. 75%,) core 
samples with three needle passes, which resulted in a high diagnostic rate (20% vs. 75%) 
[8]. The EUS helps in deciding whether a lesion should be removed or followed in situ [30]. 
Lesions confined to the mucosal or submucosal layers can be safely removed endoscopically. 
Surgical resection, if needed, is generally recommended for lesions located in muscularis 
propria, although these lesions need to be removed by experienced clinicians. There is mini-
mal risk when using advances in endoscopic techniques such as endoscopic submucosal dis-
section (ESD) [5, 31, 32]. Follow-up EUS is often used in SETs smaller than 2 cm. For small GI 
SETs, follow-up after a 1-year interval is recommended. If the size of the mass is unchanged 
during two serial EUS follow-ups, extended follow-up is suggested [33]. The American 
Gastroenterological Association Institute Technical Review recommended follow-up by EUS 
or endoscopy at regular intervals for gastric SETs smaller than 3 cm [34]. However, in 2010, 
the National Comprehensive Cancer Network has recommended surgical resection of GISTs 
larger than 2 cm because of their malignant potential [35]. Lesions involving the muscularis 
propria are usually removed surgically because the complete endoscopic resection of these 
lesions is associated with the risk of perforation [36]. Endoscopic resection of gastric SETs 
from the muscularis propria (well-margined, endoluminal growth, 2–5 cm in size), results in 
complete endoscopic  resection in 64% of cases [37].
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3. EUS compared to other imaging modalities

Usually US, CT, and MRI are not sensitive enough to detect and characterize smaller 
SELs. Often it is impossible to differentiate them by endoscopy alone. EUS provides diag-
nostic information only for very large SELs. Like CT and MRI, it can also provide useful  
information on perigastric structures and when malignancy and metastasis is suspected. The 
diagnostic accuracy of MDCT is expected to be improved to even higher levels. Overall accu-
racy of MDCT in detection of SELs from a recent study was 78.8–85.3% [38], EUS has a history 
of higher accuracy in detecting and assessing the size and location of SELs comparison to other 
radiological imaging modalities. The narrow differential diagnosis of SELs afforded by the 
use of EUS is more effective than when the decision between observations with surveillance 
in patients with suspected benign lesions or resection when the lesion is likely to be malignant 
is taken (Table 2). In the differentiation between SELs and extraluminal compression, EUS 
also demonstrates a higher accuracy than endoscopy, ultrasonography, and CT. It has been 
reported that US and CT established the diagnosis in only 16% of cases, compared with 100% 
for EUS. In another comparison study of US, CT and EUS reported an accuracy of 22, 28, and 
100%, respectively, in differentiating  subepithelial tumors from extraluminal compression [39].

4. Extramural lesions

When EUS demonstrates the integrity of all gut wall layers between the gut lumen and the 
lesion, it is safe to say that the lesion is an impression caused by an extramural structure. A nor-
mal spleen or splenic hilum is the most common etiology for SELs found to be of extramural 
origin [40]. Other normal anatomic variants such as the left lobe of the liver, the gallbladder, 
the pancreas tail, and enlarged lymph nodes can also sometimes be interpreted as SELs [41]. 
Adjacent structures, such as the aortic arch and vertebrae and enlarged lymph nodes can also 
press on the esophagus. Abnormal structures such as pancreatic pseudocysts, splenic artery 
aneurysm, aortic aneurysm, cystic tumor of the pancreas or liver, colonic tumors, and lym-
phoma [42] may also be interpreted as SELs. When using EUS, at a low frequency of 7.5 MHz, 
the examiner should survey the gross relationship between the extramural structure and the 
gut wall. Then, at a higher frequency of 12 MHz, the outer hyper-echoic serosal layer should 
be observed carefully to determine whether it is intact or disrupted. EUS is very sensitive to 
the identification of these extramural lesions. It has been reported that 11% of these were due 
to pathologic lesions, while others were related to adjacent normal organs or vessels [43].

1 Endoscopy

2 Imaging (US, CT, MRI)

3 EUS with or without tissue acquisition

4 Further observation and surveillance for benign lesions

5 Endoscopic vs. surgical resection for premalignant and malignant lesions

Table 2. The practical approach.
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5. Intramural lesions

5.1. Gastrointestinal stromal tumors (GIST)

GIST lesions originate from the muscular propria, which is the fourth layer, and specifically 
from the interstitial cell of Cajal. The pathophysiology of GIST as result of mutation in the 
KIT gene which codes for the c-Kit protein, a tyrosine kinase receptor and in nearly immu-
nohistochemical 95% positive of CD117 (corresponds to c-kit activation, epitope of kit pro-
tein), and, sometimes, CD34 but negative for desmin. Leiomyomas express smooth muscle 
actin and desmin, and schwannomas produce S-100 protein [42, 44]. Approximately 80% 
of GI mesenchymal tumors are GISTs, and approximately 10–30% of GISTs are malignant. 
GIST lesions have the potential for malignant transformation and distant metastases. GIST 
appeared on endoscopy as submucosal lesions (Figure 1A, B, E). On EUS (Figure 1C, D), a 
GIST is typically a well-circumscribed, hypoechoic, relatively homogeneous mass that can 
arise from either the second hypoechoic layer (muscularis mucosa) or more frequently the 
fourth hypoechoic layer (muscularis propria). In addition to size and mucosal ulcer, other 
EUS characteristics have been considered as possible predictive factors, but size is the only 
consistently definitive predictive factor [45–48]. One study suggested that GISTs have a 
marginal hypoechoic halo and relatively higher echogenicity compared with the adjacent 
muscular layer [49]. Another study reported that the internal hypoechoic feature could be 
suggested as a predictive marker of tumor progression [47]. The presence of two of these 
three features had a positive predictive value of 100% for malignant or borderline-malignant 
tumors [50]. A multicenter study reported that malignancy or indeterminate GIST status 
correlated with the presence of ulceration, tumor size larger than 3 cm, irregular margins, 
and gastric location, but not with hyperechoic or hypoechoic internal foci [51]. With hyper-
enhanced GIST after infusion of ultrasound contrast, in consequence, the contrast-enhanced 
harmonic EUS (CEH-EUS) signal intensity of GIST is higher than other benign lesions [52]. 
In addition, another study reported that prediction of malignant GIST was possible with 
CEH-EUS by identifying intratumoral irregular vessels with 83% accuracy [63]. EUS-guided 
fine-needle aspiration (EUS-FNA) and EUS-guided biopsy (EUS) can be performed for 
immunohistochemical examination to achieve better diagnostic accuracy of GIST [53–62]. 
Risk of malignancy depends on the size, the number of cells at pathological evaluation and 
location (Table 3) If the lesion <2 cm and the mitotic count less than 5/50 HPF, the risk of 
malignancy is very low. A GIST larger 5 cm, 10/50 HPF and small bowel have a much higher 
risk [3, 40, 72, 73]. Pathologists classify GISTs as “very low risk,” “low risk,” “intermediate 
risk,” and “high risk” according to the size of the mass and the mitotic count of the resected 
specimen [50, 63, 64]. Management of the case depends on the size and present symptoms. A 
lesion of more than 1 cm needs more evaluation, EUS, FNA, and FNB or additional surgical 
specimens. Because small (<1 cm), asymptomatic mesenchymal tumors are rarely malignant, 
a close follow-up with EUS may be justified. Referral to a medical oncologist is preferable 
before surgical resection to consider adjuvant therapy with Imatinib (Gleevec) for high risk 
lesions.

Excision is advised when growth of the lesion, a change in the echo pattern, or necrosis is 
noted during yearly follow-up with EUS. Surgical treatment is indicated for lesions >3 cm in 
diameter, with features suggestive of malignancy (Table 4). For lesions between 1 and 3 cm, 
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EUS-FNA can be recommended, or ESD can be chosen as a definite diagnostic and therapeu-
tic tool with some risk of bleeding and perforation (2 to 3% in specialized centers). When the 
lesion is confirmed to be a GIST, the risk of malignant transformation needs to be discussed 
with the patient; more careful follow-up or early resection should then be considered.

Figure 1. GIST: (A, B) Endoscopy shows an ulcerated submucosal lesion in the stomach. (C) EUS image showing 
homogeneous hypoechoic lesion. The lesion is located with the fourth layer, corresponding to the muscularis propria. 
(D) Malignant gastrointestinal stromal tumor (GIST) of the stomach. (E) Endoscopy view of small smooth submucosal 
mass noted in the rectum.
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5.2. Leiomyoma

A leiomyoma is a benign tumor originating from the muscular layers (muscularis propria 
and muscularis mucosa) composed of well-differentiated smooth muscle cells with positive 
immunihistochemical findings for desmin and a smooth muscle action protein and negative 
CD117, CD34, and s100. Leiomyomas arise from muscularis mucosa more frequently than 
do GISTs. True leiomyomas are more commonly found in the esophagus and the small intes-
tine but have been found throughout the GI tract. They rarely occur in the stomach or small 
bowel. In contrast, GISTs are rare in the esophagus and are more common in the stomach 
[65]. The risk of malignant transformation is very rare [3]. They appear by EUS as hypoechoic 
well-circumscribed masses in the muscularis propria or the muscularis mucosae (the fourth 
and second EUS layers, respectively). The approach and management of these depends on 
the size of the lesion. A lesion more than 1 cm in size should be referred to EUS for further 
evaluation. With a lesion <1 cm, annual surveillance with EGD or EUS every 1–2 years should 
take place if the patient is asymptomatic [66]. Leiomyomas appearing similar to GIST on EUS 
require tissue sampling with both histologic and immunohistochemical analysis for better 
diagnosis. The indication of surgical resection symptomatic (bleeding) and if the lesion is 
noted to be growing and enlarged with structural changes during the surveillance period 
(Table 5).

History of iron–deficiency anemia

Ulcerated GIST

Stigmata of recent bleeding

Small bowel (jejunum or ileum)

Lesion larger than 2 cm

If the lesion is noted to be growing during the surveillance period

Table 3. GIST, indication of surgery.

Pathology Muscularis mucosa Submucosa Muscularis propria Serosa

GIST X XXX

Leiomyoma X XX

Pancreatic rest XXX

Carcinoid tumor X XXX

Duplication cyst XXX X

Granular cell tumor XX

Varices XXX

Table 4. Lists of the most common types of subepithelial lesions.
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5.3. Lipoma

Lipomas are common benign tumors composed of mature lipocytes, slow growing fatty 
tumors SELs that originate from the submucosal layer (third layer). They are found inciden-
tally in any part of the GI tract, but more often in the gastric antrum than in the small bowel 
and can be seen more frequently in the lower tract [67, 68]. Endoscopically, most lipomas 
are soft solitary, with a smooth bulge and a yellow hue appearance (Figure 2A, B). They are 
indented when pressed with closed biopsy forceps (pillow or cushion sign) an indication 
highly specific for lipoma with specificity of 98% and low sensitivity of 40% were reported. 
On EUS (Figure 2C, D, E), lipomas characteristically appear as intensely hyperechoic, well 
circumscribed homogeneous lesions with clean regular margins arising from the third layer 
of the GI tract, which corresponds to the submucosa. The characteristic appearance on EUS is 
diagnostic and no further evaluation, including biopsy, is indicated [69, 70]. The endoscopic 
and EUS characteristics make it possible to diagnose lipoma in most cases.

Since there is no malignant potential, those lesions, they do not require biopsy or surgical 
resection or even regular endoscopic surveillance. Jumbo biopsy when performed often 
reveals nothing more than yellowish adipose tissue [71]. Once a lipoma has been confirmed, 
follow-up EUS is not recommended. Extremely rare lipomas can become ulcerated [40, 72]. 
Local excision is then advised for these symptomatic lipomas when associated with bleeding 
or obstruction. Resection is also recommended when it is impossible to distinguish between 
a lipoma and a malignant neoplasm, such as a liposarcoma, even though this lesion is rare in 
the GI tract [73].

5.4. Granular cell tumor

Granular cell tumors (GCT) are rare benign lesions of neural derivation thought to arise from 
Schwann cells as supported by immunophenotypic and ultrastructural evidence. Granular cell 
tumors are SELs usually originated from submucosal layer of GI tract and arise from Schwann 
cell. There are reports of malignant transformation in 2–3% of cases. De Ceglie et al. [74] the 
tumor grows towards the mucosal layer. Approximately 2.7–8.1% of GCTs involve the digestive 
tract, and these tumors are multiple in 5–12% of patients, they are usually found incidentally 
during endoscopy or colonoscopy and are located mostly in the esophagus; other locations 

Risk of malignancy Size Mitotic count

Very low <2 cm <5/50 HPF

Low 2–5 cm <5/50 HPF

Moderate <5 cm 6–10/50 HPF

>5 cm <5/50 HPF

High >5 cm 6-–10/50 HPF

Any size >10/50 HPF

Table 5. Association between risk of malignancy and size and mitotic count.
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Figure 2. Lipoma. (A) Endoscopic view of a small elevated lesion covered with normal mucosa in the stomach. (B) Endoscopic 
view of a large elevated lesion covered with normal mucosa in the duodenum. (C) EUS reveals a homogeneous, hyperechoic 
lesion with smooth borders within the third gastric wall layer. (D) EUS image showed a heterogeneous, hyperchoic lesion 
within the third layer of the duodenal wall layer. (E) EUS reveals a large hyperechoic raised from the third colonic wall layer.
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include the stomach (10%) and rarely the colon or rectum. Endoscopically, they appear as small 
firm, isolated nodules or polyps resembling molar teeth, with normal overlying mucosa hav-
ing a yellow hue (Figure 3A). On EUS (Figure 3B), GCTs appear as hypoechoic, homogeneous 
lesions with smooth margins originating from the second or third layer of the GI tract, which 
corresponds to deep mucosa or submucosa. Mucosal biopsy using a regular forceps is usually 
helpful. The risk of malignancy is low, but the size of the tumor is an important factor. Lesions 
>4 cm increase the risk to around 2–4% [2]. Cytologic or histopathologic evaluation staining 
for S-100 can be helpful in differentiating this tumor [75]. For asymptomatic GCTs that are 
not excised, surveillance with EUS every 1–2 years is recommended to monitor changes in 
size. Local endoscopic snare excision can be performed for small tumors limited to the mucosa 
(Figure 3C).

5.5. Ectopic pancreas

Heterotopic pancreas tissue (aberrant pancreas or ectopic pancreatic tissue)—these terms are 
used to describe ectopic pancreatic tissue lying outside its normal location with no anatomic or 
vascular connection to the pancreas proper. They are typically discovered incidentally during 
endoscopy, surgery, or autopsy, in approximately 1 of every 500 operations performed in the 

Figure 3. Granular cell tumor (GCT) of the esophagus. (A) Small, round, molar tooth-like, polypoid lesion in the 
esophagus. (B) Endosonographic image revealed a homogeneous, hypoechoic lesion with smooth margins is noted 
within the fourth layer. (C) Endoscopic image showed a EMR defect of GCT.
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upper abdomen. The incidence in autopsy series has been estimated to be between 1 and 2% 
and in some reported autopsy series up to 13.7%. About 90% of the lesions are located within 
the stomach, and mainly in the gastric antrum, the duodenum, the small intestine, or any-
where in the GI tract. Most often asymptomatic incidental findings on endoscopy, they have 
been reported to present with nausea, epigastric pain, weight loss, hematemesis, ulceration, 
bleeding, acute pancreatitis and, rarely, gastric cyst formation, outlet obstruction, obstructive 
jaundice, dysphagia, and malignancy [76, 77]. These lesions have essentially no malignant 
potential, but there are rare case reports of adenocarcinoma arising from ectopic tissue [78].

Endoscopically (Figure 4A, B), this will typically be a small nodule with a central area of umbili-
cation at the center of the lesion that corresponds to a draining duct. On deep biopsy sampling 
histologically, the presence of pancreatic acinar tissue will confirm the diagnosis. On EUS (Figure 
4C, D) evaluation, it will have a heterogeneous hypoechoic. EUS features are heterogeneous 

Figure 4. Pancreatic rest: (A and B) Endoscopic image of atypical raised submucosal lesion in the gastric antrum. A large 
umblicated lesion, resembling diffused mucosal lesion (C and D), EUS image (different patient) showing a well defined, 
hypoechoic lesion involving the third gastric layers.
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lesions, mainly hypoechoic or intermediate echogenic lesions located within the submucosal 
layer (the third EUS layer) accompanied by scattered small hyperechoic areas. Generally, an 
anechoic area and fourth layer thickening will accompany the lesions. Anechoic cystic or tubular 
structures within the lesion correlate with ductal structures. However, these lesions may develop 
in any location from the deep mucosal to the serosal layer. The management of aberrant pancreas 
tissue remains controversial. It should be guided by the symptoms and the possibility of malig-
nancy. Asymptomatic lesions do not necessarily require resection and can simply be followed 
up. If there are severe symptoms removal is advised. Endoscopic removal is useful both for accu-
rate diagnosis and treatment, although surgical resection is preferred to endoscopic resection 
when the muscularis propria is involved [79]. Cap-assisted endoscopic mucosal resection is an 
effective manner of obtaining adequate tissue for histologic diagnosis and management [80].

5.6. Carcinoid tumor

Carcinoid tumors are slow-growing neuroendocrine tumors arising from entero-chromaffin-
like (ECL) cells with malignant potential. They may arise at various sites anywhere in the GI 
tract, most commonly the GI tract and lung. GI carcinoid tumors are generally discovered inci-
dentally during endoscopy, surgery, or autopsy from the appendix, rectum, stomach, and small 
intestine, and at least 25% of all carcinoid tumors occur within the small bowel (ileum, followed 
by the jejunum, and then the duodenum). The gastric carcinoid tumors account for 9% of all car-
cinoid tumors [81, 82]. Rectal carcinoids are common and represent approximately 20% of all GI 
carcinoid lesions. Female patients predominate. Carcinoid tumors from  different areas of the GI 
tract will have potentially varying presentation and symptoms. Carcinoid tumors are usually 
asymptomatic, but rare complications include hemorrhage, abdominal pain, intestinal obstruc-
tion, and the endocrine carcinoid syndrome that results from the  secretion of functionally active 
substances. Endoscopically (Figure 5A, B), carcinoid tumors appear as small, round, sessile, or 
polypoid lesions with a smooth surface and a yellow hue. They usually have normal overly-
ing mucosa and seldom ulcerate. Gastric and ileal carcinoids are commonly multiple, whereas 
those arising elsewhere are typically solitary. Deep mucosal biopsy is normally diagnostic. EUS 
(Figure 5C, D, E) appearance of carcinoids is usually that of a homogeneous, well demarcated, 
and mildly hypoechoic or isoechoic mass. These lesions arise from the second layer of the GI 
tract and may invade beyond the third submucosal layer. Usually originating from the deep 
mucosal layer and penetrating into the submucosal layer, they may have the classic “salt and 
pepper” pattern. EUS accurately defines the size and extent of these masses and can guide man-
agement. When the lesion is smaller than 2 cm, does not invade further than the third layer, and 
no adenopathy is noted, endoscopic resection is possible [83, 84] (Figure 5F, Table 6).

5.7. Rectal carcinoid tumors

Rectal carcinoid tumors are frequently discovered during routine screening by colonoscopy. 
The size of the lesion is a key factor in risk for metastasis. Lesions <1 cm have rarely metasta-
sized, and endoscopic resection is potentially curative [85, 86]. Small lesions of <1 cm in size 
that are confined to the submucosa should be removed endoscopically. Larger lesions (>2 cm), 
or lesions with penetration into the muscularis propria layer on EUS, or lesions with enlarged 
regional lymphadenopathy should be referred for surgical resection [87, 88].
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5.8. Varices

Here, we are talking mainly about gastric varices or those in other areas of the small bowel 
requiring EUS evaluation (Figure 6A, B), compared to esophageal varices, which are obvi-
ous by routine endoscopy [89]. Patient history and portal hypertensive gastropathy will 
usually support diagnoses of varices versus other etiologies of SELs. Gastric varices can be 

Symptomatic (bleeding)

If the lesion is noted to be growing and enlarged with structural changes during the surveillance period

Table 6. Indication of surgical resection.

Figure 5. Carcinoid tumor. (A and B) Endoscopic images of a round submucosal lesion in the stomach and duodenal, 
respectively. (C -E) Endosonographic views of a homogeneous, hypoechoic lesions were located in the gastric and duodenum 
within the third layer, corresponding to the submucoal layer. (F) Endoscopy image of post-EMR of duodenal carcinoid.
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 misdiagnosed endoscopically as submucosal tumors or thickened gastric folds. EUS (Figure 
6C) will reveal varices as small, round to oval, and anechoic structures or tubular hypoechoic 
or anechoic structure within the submucosa (the third EUS layer) that demonstrates venous 
flow when evaluated with Doppler. When gastric varices grow larger, they appear as anechoic, 
serpentine, tubular structures with smooth margins, accompanied by perigastric collateral 
vessels. In comparative studies, EUS was shown to be inferior to endoscopy for detecting and 
grading esophageal varices, but it permitted detection of fundic varices earlier and more often 
than endoscopy in patients with portal hypertension. EUS can be one of the interventional 
modalities of bleeding varices. EUS was used in the treatment of varices by making it possible 
to inject a sclerosing agent into perforating veins. EUS is used to guide cyanoacrylate injec-
tion and case reports of EUS-guided coiling of refractory bleeding varices. [90] Also, there is a 
report about transesophageal EUS-guided treatment of gastric fundic varices. This procedure 
was shown to be safe and successful in 96% of cases [91].

Figure 6. Ectopic duodenal varices. (A and B) Endoscopic views of a large bulging mass lesion at the duodenum. (C) EUS 
confirmed large, anechoic, tubular, submucosal vessels with multiple extramural collateral vascular structures.
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5.9. Cyst and duplication cysts

Gastrointestinal duplication cysts are also identified throughout adulthood [92]. The cysts are 
benign lesions resulting from an error in the embryonic development of the foregut and can be 
found either within or adjacent to the wall of the gastrointestinal tract. The cysts can enlarge 
with secretions resulting in mass effect, infection, rupture, or bleeding [92]. The stomach is the 
least common site for GI duplication cysts but they can be anywhere in GI tract. On endoscopy 
appeared as small and smooth subepithelial lesion (Figure 7A) and EUS (Figure 7B–D), cysts 
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as three or five layer structures because of the presence of the submucosa and the muscle layer 
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abdominal pain, bleeding, and pancreatitis when the cyst is located near the ampulla of Vater. 
Bronchogenic cysts represent 50–60% of all mediastinal cysts, and they can be diagnosed eas-
ily with EUS as anechoic mass without wall layers. EUS-FNA would cause serious complica-
tions, including cyst infection and mediastinitis. Antibiotic  prophylaxis is therefore needed 
and close attention should be paid to avoid  accidental  instrumentation (Tables 7–9).

5.10. Glomus tumors

A glomus tumor originates from smooth muscle cells of the glomus body and originates from 
modified vascular smooth muscle cells, and peripheral soft tissue, [94]. A glomus tumor of the 
gastrointestinal tract is a rare disease, and most of them are found in the stomach. The majority 
of gastric glomus tumors are benign and found incidentally as a SEL during routine endoscopy. 
However, some malignant gastric glomus tumors and cases of ulcerative bleeding have been 
reported. Contrast-enhanced CT reveals a homogeneous hyperdense enhancement on early 
and delayed phase. On evaluation by EUS, glomus tumors are shown as a circumscribed and 
hypoechoic mass internal heterogeneous echo mixed with hyperechogenic in the third or fourth 
layer [95]. Doppler signals suggest the hypervascularity of these lesions located in the submucosa 
and muscularis propria—also rarely in the serosa (third, fourth, and fifth EUS layers, respec-
tively). Fine-needle aspiration with cytologic and immunohistochemical staining positive for 
smooth muscle actin and vimentin and negative for CD117 help to differentiate this lesion [96].

Lesion <1 cm Annual EGD surveillance

Lesion 1–2 cm Annual EGD surveillance vs. endoscopic resection if there is no deeper penetration to submucosal layer

Lesion >2 cm Surgical resection

Table 7. Management approach [95].

Type I gastric carcinoid tumors are associated with atrophic gastritis, pernicious 
anemia and hypergastrinemia

Low malignant potential

Type II gastric carcinoid tumors are also associated with hypergastrinemia, but 
the high gastrin levels are due to Zollinger-Ellison syndrome or MEN-1 (multiple 
endocrine neoplasia syndrome, type 1)

Intermediate malignant potential

Type III gastric carcinoid tumors (normal gastrin levels) are the sporadic form High malignant potential

Table 8. Gastric carcinoid tumors [115].

Type I and II Endoscopic resection for small lesion, <1–2 cm

Type I and II Surgical resection for large lesions >2 cm or Multiple lesions (>5)
Antrectomy or fundectomy (removal of G-cell or ECL
Surveillance every 6–12 months

Type III lesion (normal gastrin level) Surgical resection with lymph node dissection

Table 9. Management of gastric carcinoid tumors.
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5.11. Inflammatory fibroid polyps

Inflammatory fibroid polyp is a rare benign polypoid lesion that is usually found in the stom-
ach, occasionally in the small bowel, and rarely in the esophagus or large bowel [97]. The 
lesion is located in the second or third layer of the gastric wall, with an intact fourth layer. 
Sometimes the internal echo pattern is heterogeneous or hyperechoic [98].

5.12. Lymphoma

Primary lymphomas of the GI tract are usually B-cell type lymphomas, including diffuse large 
B-cell, mantle cell, Burkitt’s, and mucosa associated lymphoid tissue (MALT) [99]. Endoscopy 
with standard biopsies is often not enough for accurate diagnosis. On EUS, a gastrointestinal 
lymphoma usually appears as a hypoechoic lesion in the deep mucosa or submucosa (second 
or third EUS layer). EUS is of key importance for diagnosis with FNA cab being used for flow 
cytometry [100].

6. Histologic assessment of subepithelial lesions

When the SEL is ulcerated, careful biopsy provides an accurate diagnosis. However, for 
most SELs, the results of endoscopic biopsy are inconclusive [101]. Trials with a bite-on-bite 
 technique have been undertaken [102, 103]. However, the sensitivity, specificity, and accuracy 
of cytological evaluations of intramural lesions are all lower than those for SELs in lymph 
nodes or organs adjacent to the GI tract. It has been reported that the sensitivity of EUS-FNA 
for mediastinal masses, mediastinal lymph nodes, celiac lymph nodes, pancreatic tumors, 
and submucosal tumors was 88, 81, 80, 75, and 60%, respectively [104–107]. Subsequent 
endoscopic resection procedures for these lesions will be difficult. EUS-guided tissue diag-
nosis is useful for patients with GIST who have metastasis (Figure 8A, B). In these studies, 
no significant difference in diagnostic accuracy was noted according to the size of the FNA 
needle, but the 25-G needle easily punctured small mobile SELs and the 19-G needle showed 
excellent differentiation between GIST and leiomyoma by enabling tissue procurement for 
immunohistochemical studies (Figure 8C, D). The average reported accuracy of EUS-FNA in 
the diagnosis of SELs lesions is approximately 80% [108–110]. The development of new EUS-
FNB needles promises better GI SET diagnosis rates [111]. In some later prospective studies, 
however, the diagnostic yield of EUS-TCB in patients with gastric SELs was not better than 
that of EUS-FNA, and the tissue core obtained with EUS-TCB was not sufficient to examine 
for mitotic index in GIST. It is clear though that EUS-TCB can be complementary to EUS-
FNA [112]. Complications of EUS-FNA and EUS-TCB are very rare, but can include infection, 
bleeding and perforation. The newly developed ProCore needle (Cook Endoscopy, Winston-
Salem, NC, USA) or Side-Port needle (Olympus, Tokyo, Japan) both appear promising. Core 
biopsy along with aspiration material is made possible with these types of FNA needles [113]. 
It is important to note that any form of needle biopsy carries the possibility of sampling error, 
and a negative finding does not exclude malignancy in GISTs. This diagnostic method should 
be considered for SETs before determining whether tumors should undergo long-term moni-
toring or surgical resection.
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7. Management of subepithelial lesions

Management of SELs can be guided by EUS findings. Extraluminal compression by adjacent 
organs and benign submucosal lesions such as lipomas or simple cysts do not need further 
treatment or follow-up. Pancreatic rest and inflammatory fibroid polyps can be followed in situ. 
Suspicious lesions, such as carcinoid tumors, can be diagnosed with endoscopic biopsy. Biopsy 
should be avoided in lesions that are suspected varices. For deeply located hypoechoic lesions, 
EUS-FNA, or EUS-TCB can be performed for tissue diagnosis. If resection is planned, ESD can 
be used as a therapeutic tool for small mass lesions arising from the submucosal or inner circu-
lar muscularis propria layer, instead of surgical resection. Surveillance may be appropriate for 
SELs without definite tissue diagnosis in patients who are at high operative risk. If the lesion is 
a suspected GIST, changes in size and echogenicity should be monitored. If the size increases or 
malignant features (echogenic foci, heterogeneity, internal cystic space, irregularity of extralu-
minal margins, and adjacent lymphadenopathy) develop, resection should be recommended. 
The follow-up interval depends on the index of suspicion of the examiner and is usually 1 year. 
When the characteristics of the lesion do not change on two consecutive follow-up examina-
tions with EUS, a longer follow-up interval may be justified [40, 114, 115].

Figure 8. EUS-FNA of a gastric and rectal GIST. (A and B) FNA needle was inserted into the mass and the stylet 
was removed as the needle was moved back and forth within the lesion. (C) Slide reveled H&E 20× Spindle Cell 
Neoplasm. (D) Immunohistochemical stains show a positive reaction of the tumor cells for smooth muscle actin and 
positive of C-KIT.
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8. Summary

The most common SELs have all been discussed in this chapter. Their characteristics have been 
summarized and the appropriate diagnostic techniques, therapeutic modalities and immu-
nohistochemical markers used to help in their identification have been reviewed. Most SELs 
should be referred for EUS evaluation especially if the SEL is more than 1 cm in size. Based on 
the specific EUS outcomes, majority of the cases a presumptive diagnosis can be made. It is the 
best test to help and plays an important role in directing further diagnosis and management. 
EUS-FNA is a good method for tissue diagnosis when a GI SET is suspected. Cytological exami-
nation with IHS is essential for the best diagnostic performance in GI SETs. EUS-TCB is good 
for tissue acquisition, but is associated with some technical challenges. EUS is also plays a major 
role in endoscopic resection because it can enable the examiner to determine the depth and orig-
inating wall layer of the lesion. EUS can also be used in the follow-up lesion if it is not resected.
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Abstract

Currently, endobronchial ultrasound dramatically changed diagnostic approaches for
mediastinal lesions, both benign and malignant. Still there is a lack of data regarding
the optimal anaesthesia, route of intubation, needle type, and specific clinical situations
concerning EBUS in real clinical practice. A short, but clinically oriented, description of
EBUS-TBNA and EUS-b-FNA techniques for mediastinal lesions is provided.

Keywords: diagnostics, bronchoscopy, EBUS, EUS-b, sarcoidosis, tuberculosis, lung
cancer, lymphoma

1. Introduction

From its first implementation [1] in clinical practice in 2003, convex endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA) has rapidly evolved into one of the most
hugely used diagnostic techniques in interventional pulmonology. Currently, all main compa-
nies in the field presented their systems for EBUS, with minor differences in modalities. Still
there is a lack of data regarding the optimal anaesthesia, route of intubation, needle-type, and
specific clinical situations, concerning EBUS in real clinical practice. Most recent CHEST panel
recommendations, organized by AABIP/ACCP stated some unresolved issues with EBUS
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features, including anaesthesia type, needle choice, and others [2]. Interestingly, many recom-
mendations were even ungraded by expert panel due to the absence of any studies covering
exact questions. Thereafter, authors will share their own experience with EBUS and try to answer
some of the issues in this area.

2. Indications and contraindications

Indications for EBUS/EUS-b are:

• Mediastinal adenopathy of unknown cause

• PET-positive LNs in mediastinum in patients with previous or current malignancy, irre-
spective of their size

• Suspected mediastinal cyst (normally evaluation only)

• Central lung cancer with failed conventional biopsies (peribronchial growth)

• Suspected tumour invasion into main vessels/mediastinal structures

• Transoesophageal LAG biopsy using bronchoscope

Contraindications:

• Severe thrombocytopenia (<25,000/mcl)

• Confirmed mediastinal cyst (if no other abnormalities seen on radiology)

• Non-correctable severe hypoxia

• Lack of personnel experience

3. Endobronchial ultrasound: equipment

Currently, all main companies in the field supply dedicated systems for EBUS, with minor
differences in modalities. Main features of the equipment presented in Table 1.

Principally, there is no fundamental difference between the systems. Olympus and Fujinon
have chosen a path to establish a separate, dedicated endoscopic ultrasound units, which can
be mounted in an endoscopic tray, thus making procedure more convenient for personnel.
Pentax systems have no dedicated endoscopic ultrasound centres, using instead a separate
machines of high-level and expert class (e.g., Hitachi Noblus system). Apart from general EUS
area, where ultrasound quality plays an essential role, EBUS situations do not impose such
high requirements for quality of ultrasound image. Mobility, compact fashion and laconic
interface are main features, which much more important for interventional pulmonologist,
performing a procedure. Still, Olympus echobronchoscopes have a possibility to be connected
with stand-alone machines (e.g., Aloka α7/α10), which can be a possible option for large
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endoscopic suites, where both EUS and EBUS are performed, giving a chance for a more
optimal usage of these systems. Honestly, this variant is not currently popular.

There are several important things about echobronchoscopes. First of all, they all are very
fragile and have to be used with great caution, and only for the purpose of EBUS, not for
conventional procedures such as BAL, TBLB, etc. In frames of ease of use, Fuji scope is better
to intubate and make an inspection of trachea and bronchial tree due to less oblique forward
viewing (10° vs. 35° in Olympus and 45° in Pentax scopes) and high-definition image. One
additional advantage of Fuji scope is that it allows to use conventional TBNA needles [3] during
EBUS-TBNA procedure, when the other scopes have specific angulations of working channel,
precluding insertion of conventional TBNA needle. The ultrasound field of view is a bit better
in Fuji and especially Pentax comparing to Olympus, but in terms of biopsy procedure it does
not make significant sense. From the other side, Olympus scope has a larger working channel
diameter, which gives an opportunity to use 21G and even a 19G EBUS needles [4]. Pentax-
based system (Hitachi Noblus) gives an access to latest generation of elastography and strain-
ratio measurements, as also as additional features and options of ultrasound, given by a
separate expert class machine, but the other side of the coin is less ease of use for such
combination.

Olympus Pentax Fujinon

Endoscope BF-UC180F EB-1970UK EB-530US

Direction of view 35° forward oblique 45° forward oblique 10° forward oblique

Resolution Standard, chip Standard, chip High Def, chip

Insertion tube o. d., (mm) 6.3 6.3 6.3

Channel diameter 2.2 2.0 2.0

Needle gauges 25-22-21-19 25-22 25-22

Main ultrasound systems EU-ME1/ EU-ME2 Hitachi Noblus Sonart SU-1

Scanning range, degrees 60 75 65

Colour and power Doppler +/+ + +

Tissue harmonic echo −/+ + −

Elastography −/+ + −

Contrast-enhanced US −/+ − −

Table 1. Main features of available EBUS systems.

In any case, all the scopes and systems provide the ability to perform intubation of trachea,
inspection of bronchial tree, and needle biopsy of mediastinal and hilar structures for the vast
majority of clinical situations.
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4. Endosonography in mediastinal lesions: current status

For the last decade, EBUS implementation led to outstanding changes in management of
respiratory patients, especially in lung cancer, sarcoidosis, tuberculosis and lymphoma.

Guidelines for diagnosis and treatment for lung cancer issued by ACCP [5] in May 2013 stated
that in patients with suspected lung cancer with extensive mediastinal infiltration based on
radiology and no evidence of metastatic disease, the diagnosis should be established including
EBUS-TBNA or EUS-FNA, whatever technique is available and suitable for concrete patient.
In the same guideline, in case of performing staging in patients with suspicion of N2-N3
disease, EBUS-TBNA, EUS-FNA or their combination are recommended over surgical staging
as the best first step. Interestingly, that both these recommendations have a first-grade power,
i.e., were confirmed by randomized clinical trials. In a more recent guideline, issued in June
2015 by ESGE/ERS/ESTS, dedicated to the role of EUS-EBUS in lung cancer diagnosis and
staging [6], the main recommendation by experts was to use endosonography for staging in
NSCLC patients over surgery as initial step (grade A), and if possible, to do that in combined
fashion (EBUS-TBNA/EUS-FNA, or EBUS-TBNA/EUS-b-FNA) to achieve complete endoscop-
ic staging (grade C).

Great number of publications were issued concerning the role of endosonography in sarcoi-
dosis patients. Indeed, more than 80% of newly diagnosed sarcoidosis have mediastinal
involvement by radiology. First paper, dedicated to EBUS-TBNA efficacy in sarcoidosis stage
I, was published already in 2004 [7], showing the yield more than 90%. In frames of recent
meta-analysis (more than 2000 cases of mediastinal adenopathy) published by Trisolini in
2015 [8], EBUS-TBNA was effective in 79% among sarcoidosis patients. Again, CHEST panel
recommendations [2], issued in 2016, included suggestion to use EBUS-TBNA as first diag-
nostic modality for patients with suspicion of sarcoidosis. Surprisingly, international WASOG
guidelines for diagnosis and treatment of sarcoidosis are extremely old and were issued in
1999, before new era of EBUS began, and still are not updated. Several countries in their
national guidelines for sarcoidosis diagnostics and treatment already included EBUS-TBNA/
EUS-FNA as a reliable technique in diagnostic workup in this cohort [8].

Tuberculosis, one of the most widespread infections on the global level, is also in the field of
view for EBUS. Recent CHEST recommendations [2] have a suggestion to use EBUS-TBNA/
EUS-FNA as suitable diagnostic modality for patients with suspicion of tuberculosis. Unfortu-
nately, the data for endosonography in TB area are much weaker than in other diseases due
high costs of this technique for low-income countries, which mostly suffer from high burden
of tuberculosis.

Last, but not the least, lymphomas became a point if interest for endosonography in a last
couple of years. Until recently, main option for such cohort of patients in primary diagnostics
was surgical biopsy, due to need in a large amount of tissue with true biopsy specimen. When
in 2014 EBUS tru-cut histology needles became available, situation began to change [9].

To improve the diagnostic yield, new imaging modalities enter now into EBUS area, arising
from gastrointestinal endosonography. Among them—elastography—technique, which can
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give as a non-invasive assessment of lesion stiffness and perform targeted biopsy; tissue
harmonic echo, which diminishes artefacts from rapid motion and increases spatial resolution;
and different contrast enhancement modes, allowing operator to assess vascularization
patterns in mediastinal nodes or lesions to better characterize the origin of disease and perform
precise interventions.

Besides that, a trend to change the focus from EBUS-guided biopsies to EBUS-guided inter-
ventions is clearly visible. In other words, now, we can diagnose the diseases of mediastinum
effectively, and move on to the next step—to use this technique in treatment of patients. Some
of these promising new goals—chemotherapy agent injections in locally advanced lung cancer,
mediastinal cysts drainage, transvascular interventions—are discussed thereafter in this
chapter.

5. Image modalities for EBUS/EUS-b

5.1. B-mode: grayscale

Grayscale mode, a basic mode for assessment of mediastinal structures, mainly lymphatic
nodes (LN) during EBUS, can give a number of data for operator. LN size, echogenicity, shape,
margins, central hilar structure, necrosis sign, invasion into main vessels of heart chambers
can be estimated. Usually, main question for bronchologist, performing an EBUS investigation,
is to distinguish benign and malignant adenopathy, because it has crucial impact on patient
management. According to Fujiwara [10], who proposed a standard classification of EBUS
image, features, typical for malignancy, are as follows: short axis size >10 mm, round shape,
distinct margin, heterogeneous structure, hypoechoic, the absence of central hilar structure,
and necrosis sign. If more than 4 of these criteria were met, calculated malignancy probability
reached 96% (see Figure 1). Common features for benign lesions are—blurry margin, homo-
geneous structure, hyperechoic, the presence of central hilum, triangular or septate shape (see
Figure 2).

Figure 1. Malignant LN in mediastinal recurrence of renal cell carcinoma. Note hypoechoic character, heterogeneous
structure, the presence of BA-flow (discussed afterwards). The presence of multiple necrosis signs in upper part of le-
sion is typical in patients after chemotherapy.
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Figure 2. Benign LN in acute sarcoidosis. Note hyperechoic character, blurry margins, triangular shape, septated.

Of course, grayscale image cannot replace a biopsy, which is the gold standard for mediastinal
lesions of any cause. Using B-mode, operator can choose, which of the lesions looks more
suspicious for malignancy, or even choose an exact zone inside the node for biopsy.

5.2. Power and colour-flow Doppler

Doppler detects movement of fluid in the area of scanning. In theory, neovascularization in
malignant LN can be traced by Doppler, and therefore, this technique can help to distinguish
malignant lesion from benign. In 2012, Nakajima [11] proposed scoring system for blood flow
in LN, from Grade 0 (no or small flow) through Grade 1 (few main vessels from hilum toward
the centre), Grade 2 (few punctiforms or rod-shaped flow signals or a few small vessels found
as a long strip of a curve) until Grade III (rich flow, more than four vessels found with different
diameters or twist- or helical -low signal). The blood flow from the bronchial artery (BA)
toward the LN was also recorded using Colour Doppler imaging as a sign for BA inflow. It
was shown that Grades 0–1 were specific for benign lesion, whereas higher grades and
especially BA sign—for malignancy with a tital accuracy around 80%. It needs to be empha-
sized, that only biopsy can confirm or exclude malignant or benign disease, and this is perfectly
illustrated (see Figures 3, 4).

Figure 3. Large subcarinal LN in patient with metastatic adenocarcinoma. According to the Doppler flow (Grade 0–1
spot vessel), this LN can be falsely assessed as benign.
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Figure 4. Large subcarinal LN, protruding to station 8 in patient with chronic sarcoidosis. According to the Doppler
flow (Grade 3—number of large twisted vessels), this LN can be falsely assessed as malignant.

Use of Doppler during EBUS is irreplaceable when a biopsy is planned. This technique helps
to plan a biopsy path, avoiding vessels inside LN, large vascular structures, heart chambers,
thus providing a safe intervention. It should be noted that Colour Flow mode is less sensitive
than power flow, so in difficult cases, when sludge is suspected, Power Doppler is more suitable
option. Stand-alone ultrasound machines can reach even higher sensitivity, using special
modes of vascular flow detection (e.g., Hitachi Noblus, see Figure 5).

Figure 5. Subcarinal LN in patient with chronic sarcoidosis and concomitant pulmonary hypertension. eFlow regimen
depicts vascular structures in septa between LN agglomeration, not detected in Colour Flow mode.

5.3. Elastography

One of the new modalities, which became available today for EBUS is elastography. This is an
imaging procedure that can assess the biomechanical characteristics of different tissues and
their deformation under compression [12]. Simplifying, elastography can measure stiffness of
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scanning area, where malignant tissue has lower elasticity and higher stiffness than benign.
Currently, both Olympus and Pentax provided such a mode for EBUS. Independently of
producer, a colour histogram reflecting stiffness of scanning area is superimposed on a
grayscale image, where more blue colour means less elastic areas, and more green colour
depicts more elastic areas. In other words—“blue is bad, green is good”.

Two main logical applications for this technique are assessment of mediastinal LNs for
probable malignancy during staging of NCLC, and performing a targeted EBUS-TBNA for a
precise part of LN or group of them.

As elastography makes only first steps in respiratory world, the evidence of usefulness for this
technique is still scarce. First publication for EBUS elastography was issued in 2013 [13] stated
that this technique is feasible and can be performed in bronchial tree. In 2014, Izumo et al. [14]
proposed classification of strain features of LNs based on the predominant colour at elastog-
raphy investigation—predominantly blue, non-blue, or mixed, showing accuracy rate in
malignancy detection more than 97%. The same year, in another study [15], feasibility of
method in EBUS was confirmed, and impact of access (EBUS or EUS-b) on elastography results
was depicted, showing probability to overestimate stiffness of the same lymphatic node using
EBUS comparing to EUS-b approach. Rozman et al. [16] used a strain ratio—stiffness of
targeted area divided by stiffness of reference area and came to conclusion that cut-off of ratio
8 and more predicts malignancy with positive predictive value of 81% and negative predictive
value of 91%, which is the best efficacy than any other image modality for EBUS available
nowadays.

Elastography can be used not only for mediastinal lesions assessment (see Figure 6). It can be
utilized also for pulmonary masses, adjacent to bronchial tree or oesophagus (see Figure 7).

Figure 6. Huge subcarinal LN in patient with metastatic adenocarcinoma. Note the total blue colour on histogram, and
two markers for strain ratio measurement, which far exceeded 120, suggesting malignant character of LN.
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EBUS comparing to EUS-b approach. Rozman et al. [16] used a strain ratio—stiffness of
targeted area divided by stiffness of reference area and came to conclusion that cut-off of ratio
8 and more predicts malignancy with positive predictive value of 81% and negative predictive
value of 91%, which is the best efficacy than any other image modality for EBUS available
nowadays.

Elastography can be used not only for mediastinal lesions assessment (see Figure 6). It can be
utilized also for pulmonary masses, adjacent to bronchial tree or oesophagus (see Figure 7).

Figure 6. Huge subcarinal LN in patient with metastatic adenocarcinoma. Note the total blue colour on histogram, and
two markers for strain ratio measurement, which far exceeded 120, suggesting malignant character of LN.
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Figure 7. The same patient, lung mass is visible in right S6 adjacent to oesophagus, near the subcarinal LN. Note nu-
merous echo artefacts on the mass border with aerated lung. Predominantly, blue-coloured area, SR exceeds 40. Meta-
static adenocarcinoma.

5.4. Tissue harmonic echo (THE) and contrast-enhancement in EBUS

Several current systems for EBUS optionally can use both THE and contrast enhancement
modes for endobronchial approach. Tissue harmonic echo is used for many years in digestive
endosonography, namely for pancreatic lesions and hepatobiliary disorders [17]. Using a
harmonic reflection instead of fundamental image can increase the signal ratio and thus give
an opportunity to visualize structures more clear. Possible technique applications in media-
stinum enclose better visualization of difficult-to-reach structures with low echogenicity, better
assessment of tumour invasion in adjacent structures, etc.

The blood flow in small vessels and the parenchymal microvasculature of the target lesion can
be observed non-invasively by contrast-enhanced EUS (CE-EUS). Through a hemodynamic
analysis, CE-EUS permits the diagnosis of various gastrointestinal diseases and differential
diagnoses between benign and malignant tumours [18]. It was shown that in mediastinal LNs
CE-EUS can detect a filling defect, which is a typical sign of malignant lymphadenopathy, with
a sensitivity of 100% and a specificity of 84% [19]. Thus, this indicates possibility for the
application of this method in the differential diagnosis of mediastinal lymphadenopathy.

6. Endobronchial ultrasound-guided biopsies of mediastinum

6.1. Instruments

There is a long list of available biopsy needles for EBUS on the market. Basically, all the needles
can be divided in two groups—cytology and dedicated histology needles. Comparison of some
needle features is presented in Table 2.
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Length (mm) Compatibility Type

Olympus

Vizishot 22G 40 Olympus Cytology

Vizishot 21G 40 Olympus Cytology

Vizishot 19G 40 Olympus Histology

Cook Medical

Echotip Ultra 22G 50 All Cytology

Echotip ProCore 25G 50 All Histology

Echotip ProCore 22G 50 All Histology

Boston Scientific

Expect Pulmonary 25G 60 Olympus Cytology

Expect Pulmonary 22G 60 Olympus Cytology

MediGlobe

SonoTip EBUS Pro 40 All Cytology

SonoTip EBUS Pro Flex 40 All Cytology

Table 2. Main features of available EBUS needles.

There are little data available regarding comparative efficacy of different EBUS needles both
in frames of cytology/histology quality or diagnostic yield. Regarding 21 and 22G needles, still
there is only one randomized trial by Oki [20], where no difference was seen in terms of
adequacy or diagnostic yield. The same results were achieved by several other studies [21–
23]. In other study by Izumo [24], compared Olympus and MediGlobe EBUS 22G needles, the
latter showed better efficacy in terms of histology and total yield (74 vs. 61%). Notably, this
study was not randomized and used Olympus needle as a historical control group. In a recent
pre-published study by Xing et al. [25], EBUS ProCore needle was compared to ordinary
cytology EBUS-TBNA needle (exact gauge was not stated), with respective efficacy of 94 and
89%. Authors did not state, what kind of patients they studied, and the data are resembling
those for patients with benign or typical malignancy diseases, whereas ProCore needle was
mostly expected to be used in difficult situations like lymphoma. There was a small random-
ized comparative study of Olympus and Cook 22G cytology EBUS needles [26], where in terms
of cytology both needles show equal efficacy, but total diagnostic yield and yield by histology
favoured Cook needle.

Finally, taking into account, some of the studies mentioned above, CHEST panel of experts
[2] recommended use any type of needle, either 21 or 22G as an acceptable option (Grade
1C). From personal experience, authors would recommend to use any needle in case of
benign disease or NSCLC for typical LN stations, and histology EBUS needles (19G Olym-

Endoscopic Ultrasound - From Usual to Special54



Length (mm) Compatibility Type

Olympus

Vizishot 22G 40 Olympus Cytology

Vizishot 21G 40 Olympus Cytology

Vizishot 19G 40 Olympus Histology

Cook Medical

Echotip Ultra 22G 50 All Cytology

Echotip ProCore 25G 50 All Histology

Echotip ProCore 22G 50 All Histology

Boston Scientific

Expect Pulmonary 25G 60 Olympus Cytology

Expect Pulmonary 22G 60 Olympus Cytology

MediGlobe

SonoTip EBUS Pro 40 All Cytology

SonoTip EBUS Pro Flex 40 All Cytology

Table 2. Main features of available EBUS needles.

There are little data available regarding comparative efficacy of different EBUS needles both
in frames of cytology/histology quality or diagnostic yield. Regarding 21 and 22G needles, still
there is only one randomized trial by Oki [20], where no difference was seen in terms of
adequacy or diagnostic yield. The same results were achieved by several other studies [21–
23]. In other study by Izumo [24], compared Olympus and MediGlobe EBUS 22G needles, the
latter showed better efficacy in terms of histology and total yield (74 vs. 61%). Notably, this
study was not randomized and used Olympus needle as a historical control group. In a recent
pre-published study by Xing et al. [25], EBUS ProCore needle was compared to ordinary
cytology EBUS-TBNA needle (exact gauge was not stated), with respective efficacy of 94 and
89%. Authors did not state, what kind of patients they studied, and the data are resembling
those for patients with benign or typical malignancy diseases, whereas ProCore needle was
mostly expected to be used in difficult situations like lymphoma. There was a small random-
ized comparative study of Olympus and Cook 22G cytology EBUS needles [26], where in terms
of cytology both needles show equal efficacy, but total diagnostic yield and yield by histology
favoured Cook needle.

Finally, taking into account, some of the studies mentioned above, CHEST panel of experts
[2] recommended use any type of needle, either 21 or 22G as an acceptable option (Grade
1C). From personal experience, authors would recommend to use any needle in case of
benign disease or NSCLC for typical LN stations, and histology EBUS needles (19G Olym-

Endoscopic Ultrasound - From Usual to Special54

pus or 22–25G ProCoreCook) in case of suspected lymphoma, or if definitive pathology
diagnosis should be established. Smaller needle size (22–25G) can be an advantage in
specific situations—like lesions in stations 2R/L, 4L, 11-12R/L, transvascular interventions.

6.2. Balloon: use or not?

All EBUS scopes have possibility to use a special balloon over their distal ultrasound tip, filled
with saline for better contact of the probe with bronchial wall in challenging situations.
Unfortunately, still there are no studies available to assess the real sense of this additional and
disposable equipment. Balloons are widely accepted in routine practice in Northern America,
and CHEST recommendations [2] on EBUS suggest their usage for paratracheal lesions and
hilar stations. In Europe and Japan, balloon usage is much less popular, at least partially due
to possibility to use transoesophageal approach for 7 and 4L stations via EUS-b procedures.

From personal experience, authors recommend balloon usage for the beginners in EBUS. With
increased experience usage of balloon can be avoided in a vast majority of clinical situations.

6.3. Anaesthesia and intubation way

Endobronchial ultrasound can be performed in different anaesthesia settings—conscious
sedation, general anaesthesia, or even local anaesthesia. Interestingly, that firstly EBUS-TBNA
was performed mostly under local anaesthesia, and only in a couple of years after sedation
was generally accepted [27]. Currently, moderate or deep sedation is recommended as the main
anaesthesia way for EBUS by recent guidelines [2], but evidence level for that is not so good
(Grade 2C). Studies dedicated to comparison of deep versus moderate sedation showed
conflicting results, precluding clear algorithm of anaesthesia in EBUS procedure.

From personal experience, authors recommend to use all mentioned above ways of anaesthe-
sia, but starting from exact situation. Thus, for example, local anaesthesia is still an option
when a diagnostic procedure with single biopsy is planned, especially in case of EUS-b
approach for enlarged LN in positions 7 and 4L. If an EBUS approach is planned, local
anaesthesia still can be used, especially with transcricoid injection of 2% lidocaine. This type
of anaesthesia provides adequate control over laryngeal and cough reflex, giving an opportu-
nity to perform procedure with extremely high patient compliance for 15–20 min.

Sedation, deep or conscious, can be recommended in situations where procedure duration
exceeds 15 min, LAG biopsy with EBUS scope is indicated, multiple biopsies planned (staging),
or technical issues during puncture are foreseen.

General anaesthesia can be recommended in several situations—during EBUS implementation
in clinic, when an operator is not very experienced, or if other anaesthesia types are not safe
for patient, or in case of extremely long procedure (i.e., full staging of all assessable LN
stations).

There are several ways of intubation with EBUS bronchoscope. It can be inserted alone via
transoral or transnasal approach or can be inserted via artificial airways—laryngeal mask,
intubation tube, or rigid scope. Again, data from studies referred for this question are ex-
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tremely scarce and cannot give any definitive suggestion which variant of intubation is better.
Based on personal experience, authors recommend further indications: use transoral approach
during EBUS under local anaesthesia only. If it is sometimes needed to intubate through the
nasal cavity, remember that this is slightly more difficult due to larger endoscope diameter,
rigid distal part, and oblique optics. Choosing between laryngeal mask and intubation tube,
we recommend fist option, because intubation tube limits as mobility of endoscope inside
bronchial tree, as a visibility of some LN stations, like 2L/R, 4L/R, 3p. besides that, a cuff of a
tube can damage the sheath of a scope, especially during staging procedures. Also, multiple
scope passes in and out of intubation tube can lead to a more rapid degradation of this fragile
equipment. The last option for EBUS intubation—through a rigid scope. This variant has only
advantage over others—due to straight way of the barrel, EBUS scope have a less chance to be
damaged during biopsy, and lower degradation rate due to less active bending. All the rest is
not in favour of this method—so, scope can be damaged by retraction, angulation, and rotation
during scanning and puncture, especially for 4L position. Besides that, upper paratracheal LN
groups, as 3p group is not achievable using this approach.

Last, but not the least, it needs to be mentioned that echobronchoscope can be inserted not
only in trachea, but also into oesophagus, thus obtaining an opportunity to reach 7 and
especially 4L positions much more easy than through trachea, and widens assessable biopsy
area to station 8, 9 and even LAG. This is called an EUS-b approach, and according to latest
European guidelines [6], this method is encouraged to be used by respiratory care professionals
for complete endoscopic staging in NSCLC. In North America, unfortunately, bronchologists
are under severe pressure of regulations, and this limits spread of this very simple and
convenient, both for doctor and patient, procedure.

6.4. Biopsy technique: movement, suction, stylet and more

Analyzing biopsy step by step, a huge decision tree for operator can be seen. Hereafter, each
step of procedure will be discussed with relevant comments.

Stylet. Each needle has a stylet, which blocks an inner lumen to avoid contamination of
specimen, and additionally, protects working channel from damage as needle passes through
the scope. There are two options—to use stylet or not. Currently, there is no dedicated
publications for this question regarding EBUS. But, taking into account recent meta-analysis
of this issue for EUS-FNA [28] with more than 5000 cases included, it can be suggested that
stylet possibly should not be used always during EBUS or EUS-b biopsies. From personal
experience, authors recommend not to reinsert the stylet after first pass was performed, as it
saves time of procedure, except needles where it is noted by manufacturer (MediGlobe) or
needles with tru-cut design (ProCore), where stylet should be reinserted all the times to avoid
working channel damage.

Suction. There are several options regarding suction: use, not use, apply “capillary” or “wet”
approach. Capillary technique, or “slow-pull”, means slow withdraw of stylet from needle,
thus creating a residual vacuum inside needle to aspirate specimen. “Wet” approach means
filling of needle lumen with saline, thus increasing the power of conventional suction syringe.
Again, both recent guidelines for EBUS [2, 29] stated equal possibility to use suction or not.
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Personally, authors recommend during first pass apply half-syringe suction; if specimen is too
bloody, proceed without suction or “capillary” technique, if specimen is poor, apply full
suction with further option to use “wet” approach. Additionally, if a high vascular pattern is
seen by ultrasound imaging, it is recommended to start biopsy without suction or use
“capillary” way.

Biopsy movements. Needle motions can be different by speed, force, and number. There are
no studies comparing these approaches in terms of biopsy quality and efficacy. Hereafter,
authors’ opinion on their usage can be found.

• RiSo—Rapid In, Slow Out. Means rapid, forceful needle penetration into target, and slow
return back. Fills up the needle-like a pipe. Recommended for LNs with low to intermediate
vascular flow, and for ProCore needles.

• SiSo—Slow In, Slow Out. Means gentle, slow movement back and forth with low frequency.
Suitable for highly vascularized lesions.

• RiRo—Rapid In, Rapid Out. Means rapid, forceful movements in both directions with high
frequency. Option for rigid and stone-like lesions (e.g., lymphoma).

• SiRo—Slow In, Rapid Out. Means slow and gentle movement forward with more rapid way
back. Rare option can be applied using 25G EUS ProCore needles through the bronchoscope,
where cutting edge looks back; also can be used if a large vessel in LN cannot be avoided,
providing careful entrance into the lesion.

Fanning. To cover larger amount of tissue inside the lesion, needle can change its path for each
new movement, using control lever of the scope. This is called fanning, as it resembles the
movements of a fan. Recommended for usage in most of situations as helps to sample more
target areas.

Number of needle movements inside the LN. No data available. Authors recommend 15–20
needle agitations during single pass.

Number of passes. According to recent guidelines [2, 29], not <3 consecutive passes should be
performed for each LN in case of NSCLC staging procedure. No data available regarding
benign diseases. Authors recommend for benign diseases to perform at least 2 passes from
each target LN, and in case of core retrieval avoid third pass.

6.5. Preparation of smears, cellblocks and culture

Smears should be prepared immediately after the material was expelled, or flushed from the
needle. At first, specimen has to be macroscopically assessed (volume, colour, character,
thickness, the presence of artificial fills). This can give an operator a chance to use the specimen
more effectively. Any additional inclusions—looking like flocs, crumbs, firm strings, or nubbles
of pus, should be evaluated. Any specimen, is it abundant or poor, bloody or not, can be used
for cytology analysis (Figure 8).
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Figure 8. Steps of proper smear preparation from typical EBUS-TBNA specimen (from left to right).

In case of excessive blood contamination, smears should be prepared immediately to avoid
clots formation, which will preclude the procedure. If specimen is liquid, it can be processed
just like a blood smear (see Figure 9). If retrieved specimen is more solid, additionally smears
can be achieved just rolling the solid component on the slide with a needle tip (see Figure 10).
In other way, if retrieved specimen is too sticky, operator can put another slide from above and
gently pressing, achieve the so-called touch smear (see Figure 11). All the movements and
pressure should be applied to specimen with gentle force to avoid cells damage. In case of
liquid, high-volume (>1 ml) specimen, it can be processed with centrifugation and consequent
smears from precipitate. Notably, even low-volume specimens (<1 ml) can be processed using
a cyto-spin.

Figure 9. Steps of smear preparation from bloody specimen. Note clearly seen circle-shaped artefact due to clot forma-
tion, emphasizing need in immediate processing of such specimen.

Figure 10. Steps of smear preparation from solid EBUS-TBNA specimen by rolling it by needle tip.
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Figure 11. Steps of smear preparation from solid specimen by “touch smear” technique. Note that slides are moving
after each touch, achieving sequential touch smears.

After air-dry, smears are stained for cytological examination. There are several staining
methods available, and it depends on the local clinical practice of cytopathology or cytology
laboratory.

If obtained specimen contains cores, it can be processed by two ways. Core tissue should be
taken with care by tweezers or medical needle tip and placed directly to buffered 10% formalin
solution; or core can be temporarily transferred to the filter paper to give blood to sink in paper,
living core tissue free, and shortly after transfer the core into formalin. Most of this material is
not a pure histology specimen, rather the so-called “cell block”, which is though suitable for
processing in pathology laboratory with all possible staining.

In case of suspected tuberculosis of other infection, both PCR and culture tests should be
performed. This can be carried out by performing additional EBUS-TBNA pass with conse-
quent flushing or expelling the specimen into transport medium; also, after last pass process-
ing, EBUS needle can be flushed with saline into transport medium. No formal
recommendations exist for microbiological investigation. Authors recommend flush EBUS
needle with 10–15 ml of saline to achieve enough material volume for both tests for TB.

7. EBUS-guided interventions

7.1. Mediastinal cysts drainage

For a long time, mediastinal cyst was a contraindication for EBUS-TBNA or EUS-FNA
procedures, due to high risk of consequent infection and surgical interventions. Till now, the
most common pathway for such a patient can be formulated as “no symptoms—no treatment,
any symptoms—surgery”. Cystic lesions present some sort of a challenge for surgeon, that is
why most of the cysts are not operated until they become symptomatic.

In 2007, Nakajima [30] published a fist case of EBUS procedure performed to for diagnostic,
but for curative intent in a patient with severe central airway stenosis due to mediastinal cyst,
without any complication or cyst recurrence. Three years later, even infected mediastinal cyst
was successfully treated by EBUS-TBNA [31]. Importantly, in this case, puncture allowed not
only to evacuate debris, but also perform culture analysis and thus prescribe appropriate
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antibiotics. This case also showed possibility for numerous punctures of the same lesion,
providing stepwise approach to treatment. In 2015, Maturu et al. [32] performed first meta-
analysis of mediastinal cysts drainage publications, found 16 cases of EBUS-TBNA for this
indication. The overall complication rate after cyst drainage under EBUS-guidance was 18.7%
(3 cases of complications, including cyst infection and pericarditis, cyst rupture and pneumo-
nia, and mediastinitis), according to authors, this rate is comparable with surgical morbidity.
Data regarding recurrence chances are scarce and non-reliable.

In conclusion, EBUS-TBNA for mediastinal cyst drainage is a possible option for at least some
of cases. This can be a suitable alternative for surgery, or a salvation therapy for non-surgical
candidates. Further studies needed to establish real value of such technique.

7.2. Chemotherapy agent injections in lung cancer

EBUS-TBNA became a standard of care in lung cancer patients. Possibility to precisely detect
position of malignant LN and perform a biopsy in real-time fashion led to hypothesis of
possible usage of endobronchial ultrasound for therapy agent injection in affected LN.

In 2013, first publication was performed regarding this issue by Brachmann group [33]. They
used EBUS-TBNA with curative intent (named by authors TBND—transbronchial needle
dosage) for regional metastatic LNs in six patients with stage IIIa-IV NSCLC, with six passes
of cisplatin injections inside the lesion to cover the whole LN volume. Safety and possible
efficacy of EBUS-TBND was shown. Two years later, in the end of 2015, Mehta et al. [34]
reported first experience of lung cancer mediastinal and hilar recurrence EBUS-TBNI (I-
injection) treatment with cisplatin in 36 patients. Response rate reached 69%, with significantly
higher both overall and progression-free survival among responders.

In this way, EBUS-guided injection of chemotherapy is possible new paradigm for patient with
locally advanced and recurrent NSCLC, not suitable for surgical resection.

8. Complications

From the beginning of EBUS implementation, it was stated that procedure is very safe,
probably transferring experience available for conventional TBNA. Early sporadic case reports
were interchanged with meta-analyses, when number of procedures has grown dramatically.
According to the recent paper of Annema group [35], included more than 16,000 cases of EBUS/
EUS performed for mediastinal lesions, severe adverse event rate was estimated as 0.05% for
EBUS-TBNA, and minor adverse events rate was 0.22%, or around 1 in every 500 procedures.
Authors came to conclusions that rate of minor adverse events is severely underestimated.
Most of described in the literature EBUS-TBNA complications include infections of mediasti-
num (mediastinitis, abscess, pericarditis), pneumothorax, severe haemorrhage, and hypoxe-
mia during and after procedure. It should be noted that most of infectious complications were
caused by mediastinal cystic lesions, punctured by mistake without further drainage.

Endoscopic Ultrasound - From Usual to Special60



antibiotics. This case also showed possibility for numerous punctures of the same lesion,
providing stepwise approach to treatment. In 2015, Maturu et al. [32] performed first meta-
analysis of mediastinal cysts drainage publications, found 16 cases of EBUS-TBNA for this
indication. The overall complication rate after cyst drainage under EBUS-guidance was 18.7%
(3 cases of complications, including cyst infection and pericarditis, cyst rupture and pneumo-
nia, and mediastinitis), according to authors, this rate is comparable with surgical morbidity.
Data regarding recurrence chances are scarce and non-reliable.

In conclusion, EBUS-TBNA for mediastinal cyst drainage is a possible option for at least some
of cases. This can be a suitable alternative for surgery, or a salvation therapy for non-surgical
candidates. Further studies needed to establish real value of such technique.

7.2. Chemotherapy agent injections in lung cancer

EBUS-TBNA became a standard of care in lung cancer patients. Possibility to precisely detect
position of malignant LN and perform a biopsy in real-time fashion led to hypothesis of
possible usage of endobronchial ultrasound for therapy agent injection in affected LN.

In 2013, first publication was performed regarding this issue by Brachmann group [33]. They
used EBUS-TBNA with curative intent (named by authors TBND—transbronchial needle
dosage) for regional metastatic LNs in six patients with stage IIIa-IV NSCLC, with six passes
of cisplatin injections inside the lesion to cover the whole LN volume. Safety and possible
efficacy of EBUS-TBND was shown. Two years later, in the end of 2015, Mehta et al. [34]
reported first experience of lung cancer mediastinal and hilar recurrence EBUS-TBNI (I-
injection) treatment with cisplatin in 36 patients. Response rate reached 69%, with significantly
higher both overall and progression-free survival among responders.

In this way, EBUS-guided injection of chemotherapy is possible new paradigm for patient with
locally advanced and recurrent NSCLC, not suitable for surgical resection.

8. Complications

From the beginning of EBUS implementation, it was stated that procedure is very safe,
probably transferring experience available for conventional TBNA. Early sporadic case reports
were interchanged with meta-analyses, when number of procedures has grown dramatically.
According to the recent paper of Annema group [35], included more than 16,000 cases of EBUS/
EUS performed for mediastinal lesions, severe adverse event rate was estimated as 0.05% for
EBUS-TBNA, and minor adverse events rate was 0.22%, or around 1 in every 500 procedures.
Authors came to conclusions that rate of minor adverse events is severely underestimated.
Most of described in the literature EBUS-TBNA complications include infections of mediasti-
num (mediastinitis, abscess, pericarditis), pneumothorax, severe haemorrhage, and hypoxe-
mia during and after procedure. It should be noted that most of infectious complications were
caused by mediastinal cystic lesions, punctured by mistake without further drainage.

Endoscopic Ultrasound - From Usual to Special60

Among sarcoidosis patients, according to Agarwal et al. [36], minor adverse events were noted
in 0.9% of cases. In elderly patients with lung cancer (>70-year old), complication rate was
much higher and reached 5.8% [37]. Interestingly, in case of tuberculosis, rate of minor
complications was calculated as 2.33% [38], and for severe as 0.12% [39] by two separate meta-
analyses.

In conclusion, complications of EBUS-TBNA are rare, but not as rare as one might think. Each
patient should be carefully observed after procedure to provide appropriate care for any
consequent health problems.

9. Efficacy of EBUS-guided biopsies in specific diseases: clinical cases

9.1. Sarcoidosis and sarcoid-like reactions

Sarcoidosis stages I and II is one of the most common indications for EBUS-TBNA. According
to the recent guidelines [2], EBUS-TBNA is recommended for diagnosis in patients with
suspected sarcoidosis with mediastinal and/or hilar adenopathy. Efficacy of endosonography
in diagnosing sarcoidosis varies—from 90% in highly selected population in 2004 [7], till 79%
in routine practice in 2015 [40]. Mostly LN groups 7 and 4R are biopsied using EBUS approach,
and station 7 and 4L—using EUS-b approach. In countries with high burden of TB, authors
strongly recommend perform culture and PCR tests to avoid misinterpretation of granulomas
in specimens.

Sarcoid-like reactions can accompany different malignancies, including NSCLC and lympho-
ma, sometimes mimic recurrence of main disease. They are seen in 4.4% of all solid tumours,
and in almost 14% of patients with Hodgkin’s lymphoma. In case of suspicion for such reaction,
EBUS-TBNA can be performed to exclude or confirm malignancy.

Sometimes this reaction can coexist with tumour in the same lymphatic node (see Figure 12).

Figure 12. Patient with asymptomatic mediastinal adenopathy on chest CT (left), for suspected sarcoidosis EBUS-
TBNA of LN 4R was performed using 21G Vizishot needle (middle, note the needle echo inside LN), pathology IHC
with DAB staining for pancytokeratin revealing brown malignant cells, surrounded by multiple sarcoid granulomas
(right). Metastatic adenocarcinoma coexisted with sarcoid-like reaction.
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9.2. Primary and metastatic cancers

Both diagnosis and staging of lung cancer changed dramatically due to EBUS-TBNA imple-
mentation. Current guidelines for NSCLC diagnostics and staging [5, 6] recommend usage of
endosonography for both mentioned indications as a first step, over a traditional surgical
approach. The overall sensitivity and negative predictive value of EBUS-TBNA staging in
NSCLC reaches 89 and 91%, respectively. New imaging modalities give a chance to further
improve performance of lung cancer staging (see Figure 13).

Figure 13. Patient with renal cell carcinoma in anamnesis with PET-positive R12 LN (left), for suspected cancer recur-
rence EBUS-TVNA (transvacular) was performed using 22G ProFlex needle (middle, note that brunch of RPV flows
closely to the lesion), cytology (Giemza staining) showed malignant cells (right). Metastatic RCC recurrence.

9.3. Tuberculosis

Tuberculosis is not a popular indication for EBUS because of two main reasons. In countries
where EBUS is available, tuberculosis has low prevalence, and reversely—in countries with
high TB burden EBUS is too costly procedure to be routinely used for this indication. Never-
theless, several recent meta-analyses [38, 39] showed its sensitivity in patients with TB of 80%.
Based on personal experience, authors recommend perform culture, PCR test and Ziel-Nielsen
staining in all cases of suspected TB infection, because each investigation modality has an
additive effect for final diagnostic yield (see Figure 14).

Figure 14. Patient with fever of unknown cause with Hodgkin’s lymphoma anamnesis, with PET-positive 7 LN (left),
for suspected lymphoma recurrence underwent EBUS-TBNA using 22G ProCore needle (middle, note multiple hypoe-
choic lesions—necrosis zones), cytology (Ziel-Nielsen staining) showed AFB, both PCR and Bactec tests were positive
(right). Mediastinal LN tuberculosis.
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9.4. Lymphoma

For decades, diagnosis of lymphoma was mostly surgical. Nowadays, situation began to
change dramatically, and EBUS-TBNA becomes a suitable option for this indication [2].
Diagnosis of this disease is a real challenge both for clinician, bronchologist, and cytopathol-
ogist. According to the latest data [41], overall sensitivity of EBUS-TBNA in mediastinal
lymphomas varies greatly from 38 to 91%, with further surgical confirmation needed in 13–
43% of patients. Even in the worst scenario, EBUS-TBNA can possibly lower the need in
surgical diagnosis of lymphoma more than by half. As new biopsy instruments and image
modalities become available, efficacy of EBUS-TBNA for this indication will apparently
increase (see Figure 15).

Figure 15. Patient with anterior mediastinal of unknown origin (left), for suspected lymphoma underwent EBUS-
TBNA using 22G ProCore needle (middle, note huge hypoechoic mass without blood flow by power Doppler), pathol-
ogy with HE staining showed widened mantle zone with prominent lymphoid tissue, consequent IHC confirmed
Hodgkin’s disease (right).

10. Conclusion

Endobronchial ultrasound is a powerful and effective instrument to diagnose mediastinal
adenopathies. This technology already changed patient management strategies in sarcoido-
sis and lung cancer and starts to change situation in tuberculosis and lymphoma. Further
developments in imaging modalities and biopsy equipment will give a chance to go beyond
current indications of EBUS, provide a new step from diagnosis to treatment of both malig-
nant and benign diseases.
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Abstract

Ultrasonography of  the  anal  canal,  the  rectum and the  surrounding tissues  using
intraluminal  transducers  with  transanal/rectal  imaging  provides  high-resolution
imaging  with  clearly  distinguishable  tissue-dependent  echo  signals.  Endorectal
ultrasonography depicts rectal wall layers and adjuvant structures with a high degree
of precision. Anal endosonography is carried out to examine the sphincter muscles and
the pelvic floor.

Detailed ultrasonographic anatomy is presented. Specific information is noted
regarding the use of radial and linear scanning. The Doppler techniques depict the
vascularization. Contrast-enhanced harmonic imaging and elastography are discussed
in an integrative manner regarding their role in differentiating malignant from benign
ano-rectal masses or lymph nodes. Three-dimensional endorectal ultrasonography
provides superior visual images of tumor volume and the spatial relationships of tumor
to surrounding anatomical structures.

Endorectal ultrasonography technique accurately measures the size, circumference and
distance of the tumor from various anatomic landmarks. It is capable of examining the
anal sphincters for tumor infiltration, allowing the surgeon to decide whether a
sphincter-sparing resection might be indicated. It can depict the relationship of tumor
the to the pelvic peritoneal reflection, to determine whether local excision is possible.

Endorectal ultrasonography in benign pathology is emphasized.

Brief conclusions are given at the end of the chapter.

Keywords: endoluminal ultrasonography, rectum, anal canal, endorectal ultrasonog-
raphy, anorectal cancer, rectal benign pathology
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1. Introduction

The anorectal pathology is very frequent in clinical practice, the patients being addressed for
anal fistula, fecal incontinence, hemorrhoidal disease, anal pain, anal fissure, rectocele, rectal
prolapse, and rectal tumor. After the clinical and digital rectal exam, the ultrasonography
represents the next step in the diagnostic procedure. To obtain reliable details, the transducers
have to be as close to the organ of interest as possible. The conventional ultrasound of this region
has several limitations considering the position of these organs in the pelvic cavity. The first
ultrasound images of the bowel wall using an ultrasound transducer inside a body cavity were
obtained in 1950 by Wild [1]. Nowadays the technical improvements of endorectal sonography
provide very precise details of rectal wall layers and adjuvant structures, including the pelvic
organs. There are two main approaches with corresponding equipment:

• Anorectal ultrasonography performed by clinicians and radiologists

• Endoscopic ultrasound using flexible endoscope-mounted systems performed by gastroen-
terologists

Understanding the anatomy of the anorectal region and the main clinical indications remain
the cornerstone for this examination, independent of the approach and equipment.

2. Anatomy of the anorectal region

The rectum is the final part of the large intestine, which is about 12–14 cm long and has a
diameter of 2–6 cm, related to the content [2]. It begins at the rectosigmoid junction, at the level
of the third sacral vertebra and runs inferiorly along the curve of the sacrum to pass through
the pelvic diaphragm, where it is continued with the anal canal [3]. The rectum is surrounded
by fatty tissue that contains blood vessels, nerves, lymphatics, and small lymph nodes [3]. It
is delineated posterior by sacro-coccygeal bone structure, inferior by the insertion of the levator
ani muscles and superior by the peritoneum [2]. The superior one-third is covered anteriorly
and laterally by the pelvic peritoneum. The middle one-third is covered with peritoneum only
anteriorly, which curves onto the bladder in the male and onto the uterus in the female. The
lower one-third lacks of peritoneum and is related anteriorly to the bladder base, ureters,
seminal vesicles, and prostate in the male and to the lower uterus, cervix, and vagina in the
female [3].

The internal sphincter, the longitudinal muscle layer, and the external sphincter surround the
anal canal. It is delineated posterior by the levator ani muscles, laterally by the ischioanal fossa,
and anterior by the apex of the prostate and the membranous urethra in male and posterior
wall of the vagina in female [2, 3].

The sphincter anal complex is formed by the muscles that represent the continuation of circular
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sphincter represents the upper anal margin; it is called the anal verge and is the principal
landmark for rectal measurements [4]. The pectinate (dentate) line is located 1.5–2 cm upwards
from the anus and separates the canal anal into the anatomical part located below the line and
the surgical part located above the line [4]. The surgical anal canal extends from the pectinate
line to the level of the puborectalis sling, which corresponds to the anorectal junction. The
pectinate line is not detectable on radiological studies, representing the endoscopic view of the
demarcation between the squamous epithelium (anoderm) and the columnar epithelium [4].
The anoderm is directly attached to the internal anal sphincter [4].

The mesorectum is represented by the connective tissue, located between the middle part of
the rectum and the upper surface of the levator ani. The mesorectum contains lymph nodes
and neurovascular bundles, fat and fibrous tissue. It is limited posterolaterally by the pelvic
visceral fascia and ventrally by an upper continuation of the rectogenital membrane (Denon-
villiers’ fascia). In females, this dense band forms the rectovaginal septum and in males, the
rectoprostatic fascia. Laterally a tiny structure is detected, known as mesorectal or perirectal
fascia [4].

The rectal vascularization is provided by the rectal arteries (superior rectal artery from the
inferior mesenteric artery, middle rectal artery from the internal iliac artery, and inferior rectal
artery from the internal pudendal artery). The rectal venous drainage is realized by the
superior rectal vein (that drains into the inferior mesenteric vein) and by the middle and
inferior rectal veins (that drains into the iliac veins) [2].

The lymphatic drainage is realized into three circuits:

1. superior station—drains the lymph vessels corresponding to the inferior mesenteric
vessels and superior rectal vessels. This circuit has intermediate lymph nodes localized
posteriorly and laterally to the rectum.

2. middle station—drains the lymph vessels into the iliac lymph nodes.

3. inferior station—drains the lymph vessels into the superficial inguinal lymph nodes [2].

Ultrasonography of the anal canal, the rectum, and the surrounding tissues using intraluminal
transducers with transanal/rectal imaging provides high-resolution imaging with clearly
distinguishable tissue-dependent echo signals. Endorectal sonography is able to depict the
rectal wall layers and the adjuvant structures, including the pelvic organs with a high degree
of precision. Anal endosonography is carried out to examine the sphincter muscles and the
pelvic floor.

3. Techniques and procedures used in endorectal ultrasonography

3.1. Conventional 2D ultrasound examination

The endoluminal ultrasonography is highly effective in most cases of anorectal pathology, as
it provides accurate evaluation of rectal, perirectal, anal, and perianal pathology. It might be
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performed without preparation, but an enema significantly improves the image quality,
especially in the oncological patients with stool residues [5]. The examination is carried out in
the left recumbent position. In patients with sphincter insufficiency, the knee-elbow position
might be preferred [4].

The endoluminal ultrasound examination is mandatorily done after digital rectal exam and
preferred after a proctoscopy examination. In case of an anal stricture, an inserted finger can
appreciate the possible passage of the probe.

A mechanical or a biplanar transducer with a frequency of 10 MHz or higher is most frequently
used [2, 4, 5]. Higher frequencies provide better resolution of the rectal wall and sphincter
complex, while lower ones depict better, the components of the mesorectum [4].

A condom containing gel is placed over the probe and a thin layer of water-soluble lubricant
is placed on the exterior of the condom [3]. The transducer is inserted in a blind gentle manner
and the patient is informed about the potential discomfort or pain during the examination [2].

Some authors advice using a 3D 16 MHz probe for the spatial analysis of both the rectum and
the surrounding tissues [6].

By convention, the transducer is placed to provide the following image: the anterior aspect of
the anal canal will be at 12 o’clock on the screen, right lateral will be at 9 o’clock, left lateral
will be at 3 o’clock and posterior will be at 6 o’clock [3]. The depiction of all layers is possible
for the whole circumference of the anal canal. At the origin of the anal canal, the “U” shape of
the puborectalis sling is the main landmark and must be always identified [3].

Five hypoechoic and hyperechoic layers are depicted corresponding to the anal canal wall [7,
8]. These five identified layers, from inner to outer are:

• the first hyperechoic layer corresponds to the interface between the transducer and the anal
mucosal surface,

• the second hypoechoic layer is represented by the subepithelial tissues, being moderately
reflective. The mucosa and the dental line are not identified by endoluminal ultrasound,

• the third hypoechoic layer corresponds to the internal sphincter, which is not completely
symmetric, either in thickness or termination. It is continued superiorly with the circular
muscle of the rectum. In elderly, this layer is inhomogeneous and more echoic [8],

• the fourth hyperechoic layer represents the longitudinal muscle, without constant thickness
along the entire anal canal. The increased fibrous stroma is responsible for the echoic aspect
of this smooth muscle. In the inter-sphincterian space, the longitudinal muscle and the
striated muscles fibers from the levator ani forms “conjoined longitudinal layer” [9],

• the fifth mixed echoic layer corresponds to the external anal sphincter; it has three parts [10]:
(1) – the deep part contains the puborectalis muscle, (2) the superficial part has a broad
attachment to the underside of the coccyx via the anococcygeal ligament. (3) the subcuta-
neous part lies below the internal sphincter.
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In the axial plane, the upper part of the anal canal corresponds to the puborectalis muscle sling,
the deep part of the external anal sphincter, and the complete ring of the internal anal sphincter.
The middle part of the anal canal is formed by the superficial part of the external anal sphincter,
the conjoined longitudinal layer, the complete ring of the internal anal sphincter, and the
transverse perinea muscles. The lower part of the anal canal contains the subcutaneous
components of the external anal sphincter [7].

For the rectal examination, especially in oncological patients, special water‐filled balloons
might be used (Figure 1). These balloons filled with about 90 ml of water compress the lesions
and remove air from the rectum [5].

Figure 1. Endocavitary rectal examination – special water filled balloon.

The rectal wall consists of five layers surrounded by perirectal fat or serosa, measuring 2–3
mm. The five layers represent (Figure 2) [3]:

• the first hyperechoic layer depicts the interface between the balloon/transducer and the
mucosal surface

• the second hypoechoic layer corresponds to the mucosa and the muscularis mucosa,

• the third hyperechoic layer represents the submucosa the fourth hypoechoic layer identifies
the muscularis propria

• the fifth hyperechoic layer corresponds to the serosa or to the interface with the mesorectum.
The mesorectum has an inhomogeneous pattern due to mixed anatomical structures: blood
vessels, nerves, and lymphatic vessels.
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Figure 2. The rectal wall consists of five layers surrounded by perirectal fat or serosa.

Depending on the position of the probe, the surrounding muscles are identified. The external
anal sphincter is detected in the lower third of the rectum. Slightly above, it is replaced by the
fibers corresponding to the levator ani muscles, that form puborectalis muscle sling. Between
the puborectalis muscle sling and caudally located external sphincter, there is an intersphinc-
terian plane filled with the lowest, tapered part of the mesorectum [11]. This plane is important
for surgery and for the staging of the anal cancer [11].

Endorectal ultrasound provides an accurate visualization of all pelvic organs adjacent to the
rectum: the bladder, the intestinal loops, the seminal vesicles, and prostate in males, and the
uterus, cervix, vagina, and urethra in females [3].

The endoscopic approach is nowadays frequently used by the gastroenterologist to assess the
anorectal region by ultrasound. Initially, the standard radial endoscopic ultrasound scan was
used. The rigid endoscopic ultrasound scan has been used since the early 1980s. Technical
improvements provided different types of linear as well as radial scanning devices with
frequency varying from 5 MHz to 15 MHz [12]. The echoendoscope is inserted and advanced
beyond the lesion, under direct visualization to the rectosigmoid junction. The balloon is
slowly inflated and the lumen is filled with water. From this position in the middle of the
lumen, the scope is to achieve perpendicular imaging of the rectal wall layers. Once the bladder
is identified, the image is mechanically rotated so the bladder is located at 12 o’clock position.
Then the instrument is withdrawn slowly, with the transducer kept at the middle of the rectum.
No torching of the instrument is recommended, as this causes tangential imaging and possible
inaccurate assessment of the depth of tumor penetration. In males, upon withdrawing the
probe at 12 o’clock position, the seminal vesicles and the prostate are displayed. In females,
this manoeuvre brings in view the uterus and then the vagina, with a hyperechoic band in the
center that represents air [13].
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3.2. Contrast endoluminal ultrasonography of the rectum and the anal canal

Different ultrasound techniques improve daily practice in benign and malignant pathology.
Local contrast agents facilitate the depiction of fistulas through direct administration
(Figure 3). Intravenous contrast agents define vascular pattern for tumor pathology related to
anorectal region or prostate (Figure 4).

Figure 3. (a) Anal fistula—physical exam. (b) Local contrast agent (Sonovue in this particular case) was administered
through the external end of the fistula for better delineation of the size and fistula tract.

Figure 4. (a) Anorectal tumor—surgically removed. (b) Intravenous contrast agents (Sonovue) was administered. In the
venous phase, the contrast agent was washed-out from the tumor (becoming hypoechoic), permitting a better delinia-
tion of the tumor from the adjacent organs.

Hydrogen peroxide was investigated as an image-enhancing contrast agent for improving the
depiction and the characterization of the fistulas during endoanal ultrasonography [14]. After
a conventional endoanal ultrasound is performed, external perianal openings are cannulated
and approximately 1 ml of peroxide is administered. After reinsertion of the endoprobe, the
entire course of the echogenic fistula, including its relation to the internal and external
sphincters and the levator ani muscle are depicted in real time, which facilitates surgical
planning [14].

The use of contrast agents within the bloodstream gained more and more applications in the
last few years, as it enables the detection of very slow blood flow in vessels measuring as little
as 40 μm. Contrast enhanced ultrasound (CEUS) provides valuable information regarding the
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characterization of a circulatory bed and the evaluation of the neoangiogenesis process [15].
Quantitative parameters are determined during the passage of the contrast agents through a
region of interest, mainly by analysis of the time-intensity curve parameters [15]. For rectal
cancer, CEUS provides noninvasive biomarkers of tumor angiogenesis and might predict
patient prognosis [16]. Contrast enhanced endorectal sonography increases the detection of
prostate cancer and facilitates the target biopsies [17, 18].

3.3. Doppler ultrasonography

The Doppler ultrasonography provides information regarding the flow within large vessels.
Doppler-guided hemorrhoidal ligation was introduced into clinical practice 20 years ago
(Figure 5) [19]. Doppler-guided hemorrhoidal dearterialization is a safe and effective method
to treat grades II–IV hemorrhoidal diseases, especially in those with previous anal surgeries
or previous alterations of fecal continence, when an additional procedure might represent a
risk of definitive incontinence [19].

Figure 5. Doppler ultrasonography provides information regarding the flow within large vessels in the anorectal re-
gion.

3.4. Transanal real‐time elastography

The transanal real-time elastage in rectal cancer ranges is between 80stography was dem-
onstrated to yield valuable information regarding elastic properties of the anal sphincter,
especially in patients with fecal incontinence. A pathological elastogram is considered,
when predominantly hard elements are detected. This technique was investigated in dif-
ferent pathologies, anorectal surgery in irradiated and non-irradiated individuals and
Crohn's disease. Based on studies conducted by Allgayer et al. [20, 21] the transanal real-
time elastography with quantitation of sphincter elastic properties yields no further diag-
nostic and prognostic information compared to conventional endosonography.
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3.5. Three‐dimensional ultrasound

The three-dimensional ultrasound is provided from the synthesis of a high number of parallel
transaxial two-dimensional images [3]. The image can be rotated, tilted, and sliced to allow
the physician to analyze different section parameters, different angles and to assess accurately
distances, areas, angles, and volumes [3]. Three-dimensional endorectal ultrasonography is
useful for assessing the depth of submucosal invasion in early rectal cancer and for selecting
therapeutic options [22].

4. Endorectal ultrasonography examination for diagnosis and staging of
rectal and anal tumors

The management of patients with anorectal neoplasm requires specific information regarding:

• tumor spread (T features),

• detailed evaluation of mesorectal fascia,

• extramural venous invasion,

• lymph nodes involvement (N features),

• presence of distance metastasis (M features) [4].

The tumor-node-metastasis (TNM) system represents the standard of care for rectal and anal
staging (Table 1) [23].

The ultrasound feature of rectal cancer is a hypoechoic lesion that disrupts the normal five-
layer sonographic structures of the rectal wall. The distal border of the tumor must be precisely
depicted in relation to the anterior peritoneal reflection (in males, the relation of the distal
border of the tumor to the seminal vesicles and in females, to the cervix are determined) [24].

The ultrasound images relevant to T staging are:

• Tis corresponds to the first hypoechoic layer expended, but without the second hyperechoic
layer involvement.

• T1 invades the submucosa, but without muscularis propria involvement, it is detected in
ultrasound when the second hyperechoic layer is stippled or broken in appearance, but
generally intact.

• T2 ultrasound appearance is depicted when the second hyperechoic layer is completely
disrupted and the mass may extend into the second hypoechoic layer.

• T3 corresponds to the perirectal fat or serosa invasion, the outer hyperechoic layer is
disrupted.

• T4 is easy diagnosed as the tumor is extended into neighboring organs [25].
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Anal carcinoma Rectal carcinoma

Tx  Primary tumor cannot be assessed Primary tumor cannot be assessed

T0  No evidence of primary tumor No evidence of primary tumor

Tis  Carcinoma in situ, Bowen disease, high grade

squamous intraepithelial lesion (HSIL), anal

intraepithelial neoplasia II-III (AIN II-III)

Carcinoma in situ: intraepithelial or invasion of lamina

propria

T1  Tumor 2 cm or less in the greatest dimension Tumor invades submucosa

T2  Tumor more than 2 cm, but not more than 5 cm

in the greatest dimension

Tumor invades muscularis propria

T3  Tumor more than 5 cm in the greatest

dimension

Tumor invades subserosa or into non-peritonealized

perirectal tissues

T4  Tumor of any size invades adjacent organ(s)

(e.g., vagina, urethra, bladder)

Tumor perforates visceral peritoneum (T4a) and/or directly

invades other organs or structures (T4b)

Nx  Regional lymph node cannot be assessed Regional lymph node cannot be assessed

N0  No regional lymph node metastasis No regional lymph node metastasis

N1  Metastasis in the perirectal lymph nodes Metastasis in 1 to 3 regional lymph nodes

N1a – Metastasis in 1 regional lymph node

N1b – Metastasis in 2–3 regional lymph nodes

N1c – Tumor deposit(s), i.e., satellites in the subserosa or in

nonperitonalized pericolic or perirectal soft tissue without

regional lymph node metastasis

N2  Metastasis in unilateral internal iliac and/or

inguinal lymph nodes

Metastasis in 4 or more regional lymph nodes

N2a – metastasis in 4–6 regional lymph nodes

N2b – metastasis in more regional lymph nodes

N3  Metastasis in perirectal and inguinal lymph

nodes and/or bilateral internal iliac and/or

bilateral inguinal lymph nodes

M0  No distal metastasis No distal metastasis

M1  Distal metastasis M1a – metastasis confined to one organ

M1b – metastasis in more than one organ or the peritoneum

Table 1. TNM staging principle for the anal and rectal carcinoma according to the current classification of International
Agency for Research on Cancer/World Health Organization [23].

The accuracy of T stage in rectal cancer ranges is between 80 and 95% [26, 27]. The T2 tumors
are frequently over-staged as T3 tumors, because peritumoral inflammation cannot be accurate
differentiated from desmoplastic reaction [28]. From the clinical point of view, this overstaging
has no significant impact as T2 tumors have the same prognosis as T3 tumors with less than 1
mm spread [4] (Figure 6). The assessment of T3 tumors is very important, especially the
measurement of the depth of extramural spread in the mesorectal fat, since T3 tumors with less
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than 5mm mesorectal invasion have a 5-year survival rate of 85% and T3 tumors with more
than 5 mm mesorectal invasion have a 5-year survival rate of 54% [4, 29, 30]. Minimally
invasive T3 tumors present an invasion into the mesorectal fat less than 2 mm beyond the
muscularis propria and advanced T3 tumor is characterized by an invasion of more than 3 mm
[24]. These measurements are difficult to be performed in lower anal canal tumors, on its
anterior wall or in patients with a small amount of perirectal fat [4]. The endoscopic ultrasound
sensitivity for T stage is highest for advanced disease (96.4% for T3 and 95.4% for T4) compared
to early disease (87.8% for T1 and 80.5% for T2) [31].

Figure 6. Rectal tumor staging. T3 corresponds to the perirectal fat or serosa invasion, the outer hyperechoic layer is
disrupted.

Figure 7. Rectal tumor staging T3. A round hypoechoic lymph node, measuring 5 mm is detected.

The extramural venous invasion is detected by magnetic resonance imaging using a score
proposed by Smith et al. [32] and represents an important prognostic factor since the detected
venous invasion had a 3.7 times increased relative risk of metachronous metastatic disease [33].

The assessment of lymph node in patients with rectal cancer represents a debated issue. The
ultrasound defines the size, border, shape, and echogenicity and enables tissue biopsy
sampling. The features suggestive for malignancies are: enlarged nodes (≥1 cm in short axis),
hypoechoic appearance, round shape, and smooth border (Figures 7 and 8) [24]. As the
accuracy of the endocavitary ultrasound for N stage is moderate [31], fine needle aspiration
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should be used when critical decision regarding neo-adjuvant chemotherapy is proposed
[24].

Figure 8. Rectal tumor. 2D ultrasound image and elastography. The rectal tumor is depicted stiffer than the tumor-free
rectal wall and the perirectal fat tissue (colored in blue).

Different new ultrasound techniques has improved the diagnosis of the rectal and anal canal
tumors.

3D-endocavitary ultrasound allows an accurate measurement of rectal tumors and identifica-
tion of anatomical relationships, which assists the surgical planning procedure (Figure 9).

Figure 9. 3D endocavitary ultrasound offers a spatial assessment of the rectal tumor.

Contrast enhanced ultrasound depicts the vascular pattern for rectal lesions [15]. Quantitative
parameters might be measured during the passage of the contrast agents through a region of
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interest, mainly by analysis of the time-intensity curve parameters [15]. For rectal cancer, CEUS
provides noninvasive biomarkers of the neoangiogenesis and might predict patient prognosis
(Figure 10) [16].

Figure 10. Contrast enhanced ultrasound (Sonovue administered intravenously) depicts the vascular pattern for rectal
lesions.

The elastography become an “extension” of the clinical sense, strengthening and confirming
the final diagnosis by its ability to measure the tissue elasticity. Different techniques are used:
strain elastography imaging (SEI), shear wave imaging (acoustic radiation force impulse
imaging (ARFI) and shear wave elasticity imaging (SWEI). ARFI and SWEI are quantitative
methods. No data have been published so far concerning their use in the assessment of the
rectal tumors. The rectal tumors are stiffer than the tumor-free rectal wall and the perirectal
fat tissue. An optimal differentiation between benign and malignant lesions was obtained at a
cut-off value of the mean strain ratio cut-off value of 1.25 [34] (Figures 11 and 12).

Figure 11. Rectal tumor. 2D ultrasound image and elastography. The rectal tumor is depicted stiffer than the tumor-
free rectal wall and the perirectal fat tissue (colored in blue).
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Figure 12. Lymph nodes involvement in a rectal tumor. 2D ultrasound image and elastography. The elastography iden-
tifies more malignant lymph nodes than detected by 2D ultrasound (stiffer than the tumor-free rectal wall and the peri-
rectal fat tissue – colored in blue).

Preoperative neoadjuvant chemo-radiotherapy (N3–4 or lymph nodes involvement) is used to
downstage rectal cancer in order to improve survival and to allow sphincter-preserving low
anterior resection [12]. Considering the necrosis, inflammation, and fibrotic changes following
neoadjuvant therapy, the assessment of tumor nodes through ultrasound might not be
adequate. The T re-stage accuracy is 50% (Figure 13) [35–38]. The accuracy can be improved
by depicting the intense and chaotic vasculature of residual tumor tissue through Doppler
technique [39] or contrast-enhance ultrasound [40, 41].

Figure 13. Rectal tumor. (a) In diagnosis the tumor was assessed as T3, invading the perirectal fat. (b) After neoadju-
vant radiochemotherapy the tumor decreased in size (8 mm), but still invaded the perirectal fat.

Endoscopic ultrasonography of rectum can also be used for rectal cancer recurrence post-
operatively with high accuracy [41, 42]. In some cases the ultrasound feature of tumor
recurrence cannot be differentiate by post-surgery fibrosis or inflammation [24]. Obtaining
biopsy samples through fine needle aspiration improves the detection of rectal recurrences.
Also depiction of the vascularization through Doppler techniques or CEUS can considerably
increase the specificity of transrectal ultrasound in differentiating tumor relapse from fibrosis
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Endoscopic ultrasonography of rectum can also be used for rectal cancer recurrence post-
operatively with high accuracy [41, 42]. In some cases the ultrasound feature of tumor
recurrence cannot be differentiate by post-surgery fibrosis or inflammation [24]. Obtaining
biopsy samples through fine needle aspiration improves the detection of rectal recurrences.
Also depiction of the vascularization through Doppler techniques or CEUS can considerably
increase the specificity of transrectal ultrasound in differentiating tumor relapse from fibrosis
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[39, 40, 43]. The endoscopic ultrasound is recommended for follow up after surgery at six
months interval for two years [24]. The anastomotic sites might be revealed as cystic lesions
with heterogeneous wall thickening and fine needle aspiration might detect mucin containing
inflammatory cells in the absence of malignant cells [44].

5. Endorectal ultrasonography for benign pathology

5.1. Fecal incontinence

Patients with fecal incontinence frequently associate anal sphincter injury as a consequence of
obstetrical trauma, anorectal surgery or accidental injury [45]. Endoanal ultrasonography can
accurate depict the anal sphincter complex and surrounding perirectal tissues [45]. Anal
sphincter tears are depicted as a discontinuity of the hypoechoic structure corresponding to
the internal anal sphincter or of the more heterogeneous external anal sphincter [46]. Obstetric
injury is located anterior and frequently involves both sphincters [46]. The accuracy of
endoanal ultrasound for sphincters disruption is very high: 95% [47, 48].

5.2. Anal fistulae and abscesses

The main causes for anal fistulae and abscesses are: Crohn's disease, post-operative infection,
radiotherapy. The Parks classification of perianal fistulae depicts four types: inter, trans, extra
and suprasphincterian [49], according to their extension to the external anal sphincter and to
the puborectalis muscles. The ultrasound appearance of the fistula is a hypoechoic linear
structure with possible hyperechoic reflections (air) between anal canal or rectum or vagina.
The use of hydrogen peroxide-enhanced anal endosonography provides better depiction of
fistula and its relation to the internal and external sphincters and the levator ani muscles [50].
Alternative to hydrogen peroxide are represented by the new ultrasound contrast agents:
Levovist or SonoVue [51]. The sonographic appearance of the abscess is a mass either anechoic
or hypoechoic (with internal echoes corresponding to tissue debris) [52]. This technique is
recommended for fistula diagnosis and monitoring in patients with Crohn's disease. The use
of contrast agents and 3D techniques provides accurate assessment of complex fistula mapping
before planning medical or surgery treatment. Also, it is useful for puncturing the abscesses
in the operating room using an echoendoscopic approach or a surgery technique [52].

6. Conclusions

Endoluminal ultrasonography of the rectum and the anal canal is a valuable method for the
assessment and staging of rectal and anal canal tumors. It is also frequently used for perianal
fistulae mapping, anal sphincter tears depiction in patients with fecal incontinence and for
abscesses identification and puncturing. Different ultrasound techniques provide morpho-
logical, functional and vascular pattern accurate assessment of rectal tumors before surgery,
after radiotherapy/chemotherapy, and after surgery (for the detection of relapses).
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Abstract

Endometriosis is a benign gynecological disease characterized by histological confirma-
tion of the presence of ectopic endometrial glands and/or endometrial stroma. The main
clinical gynecologic manifestations include chronic pelvic pain, back pain, menstrual
disorders, and infertility. Over 60% of women with endometriosis have chronic intesti-
nal symptoms. Intestinal involvement occurs in up to 12% of patients. Intestinal deep
infiltrating endometriosis is defined as the lesion infiltrating at least the muscular layer
of the bowel wall. Gynecological pelvic exam is not sufficient for the diagnosis of the
location of deeply infiltrating endometriosis. Imaging methods can suggest the diagno-
sis of endometriosis and help to map the disease. Transrectal ultrasound (TRUS) has
been used for more than a decade for the diagnosis and staging of deep endometriosis,
providing relevant data for surgical treatment. It is useful to determine the depth of
infiltration and the distance from the anal junction. The recent trend is to prefer nodule
excision, when feasible, rather than radical digestive resection; therefore, it is important
to take into consideration the staging of rectal and sigmoid infiltrating endometriosis in
the preoperative clinical evaluation.

Keywords: Endometriosis, endosonography, rectal neoplasm, digestive system surgical
procedures, gastrointestinal stromal tumors

1. Introduction

Endometriosis is a benign gynecological disease characterized by histological confirmation of
the presence of ectopic endometrial glands and/or endometrial stroma [1].

The disease affects 10% of reproductive-age women, and intestinal involvement occurs in up to
12% of patients. It is a costly chronic disease causing pelvic pain and subfertility [2]. Up to 95%
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of intestinal endometriosis is found in the rectum and sigmoid colon. In addition, in 39% of the
cases, it may be present in more than one intestinal segment. In 20% of the cases, it can be
found isolated [1].

1.1. Pathogenesis

There are three theories that explain the appearance of endometriosis. They are coelomic
metaplasia, lymphatic or hematogenous dissemination, and retrograde menstruation, which
is the most widespread theory. According to the theory of retrograde menstruation, that is, a
physiological event in up to 90% of women, viable endometrial cells of the uterine cavity
migrated to the tubes, implanting themselves and developing in several ectopic sites [3].

The rectosigmoid colon acts as an anatomic shelter, housing endometrial cells and preventing
them from being cleared by the usual menstrual clearing process within the peritoneal cavity.
Endometrial implants trigger an inflammatory response, and eventually, a fibrotic nodule is
buried under the peritoneum [4].

1.2. Classification

Intestinal deep infiltrating endometriosis is defined as the lesion infiltrating at least the mus-
cular layer of the bowel wall. The mucosa is infiltrated in less than 5% of intestinal lesions
[1, 5].

Outside intestinal wall, deep endometriosis is defined as a solid endometriotic mass situated
more than 5mm deep into the peritoneum. According to some experts, endometriotic foci
located on the bowel serosa that do not meet these criteria are defined as peritoneal endome-
triosis rather than bowel endometriosis [4].

In normal female pelvic anatomy, the anterior rectum is apposed to the posterior vagina; this is
referred to as the rectovaginal septum. Superior to the rectovaginal septum, the vagina and
rectum separate and create a peritoneum-lined space called the posterior pouch of Douglas.
The anatomic boundaries of pouch of Douglas are as follows: inferiorly, the rectovaginal
septum; laterally, the uterosacral ligaments; anteriorly and superiorly, the posterior vagina,
cervix, and uterus; posteriorly, the rectum [4].

The layers of stratification of the intestinal wall and some anatomical pelvic limits are of
extreme importance for staging and therapeutic definition of intestinal endometriosis [3].

Based on histological and topographic criteria, Rossini, Ribeiro, and Aoki developed the echo-
logic classification to map pelvic lesions based on endoscopic findings [6].

The authors divide the penetration or the absence of intestinal endometriosis in five stages
(T1–T5) (Figure 1) and five different topographies to define the site of lesions (L1–L5)
(Figure 2). To delimit the parietal penetration, the authors used sonographic stratification
layers of the normal intestinal wall, described by Uncle Tytgat in 1986. In order to designate
the anatomical position of the lesion, the authors used the ratio of local involvement with the
uterus, the posterior vaginal fornix, and rectovaginal septum. To indicate that the evaluation
is being conducted in a sonographic study of suspected endometriosis lesions, the letters
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Figure 1. Depth of endometriosis invasion in intestinal wall according to the echo-logic classification. The acronym EUS
indicates a schematic representation of the five layers of the intestinal wall, identified during endoscopic ultrasound. The
acronym HISTO is a histological correlation of the layers of the wall, evidenced in EUS. “1” = extra-intestinal endometri-
osis; “2” = endometriosis into the serosa; “3” = endometriosis into the muscularis propria; “4” = endometriosis into the
submucosa; and “5” = endometriosis into the mucosa.

Figure 2. Schematic representation—location of endometriotic nodes in the pelvis according to echo-logic classification.
“1” = pre-cervical endometriosis; “2” = paracervical endometriosis (right or left); “3” = node retrocervical endometriosis;
“4” = endometriosis of rectovaginal nodules in reflection; and “5” = rectovaginal septum.
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“ue,” lowercase, precede each penetration stage. Then, the letter “T,” uppercase preceding
the number, indicates the degree of penetration, or not, of the intestinal wall, and lastly, the
letter “L,” uppercase, precedes the number to indicate the position of the lesion in the pelvis
[3, 6].

Deep lesions tend to have a nodular pattern with a “C” shape (Figure 3); however, there are
infiltrative lesions that take a pattern of longitudinal growth, and others have a mixed pattern.
In peritoneal cavity, intestinal lesions may adhere to other organs and structures leading to the
formation of blocks usually involving the uterus and/or the ovaries [3].

1.3. Clinical manifestations

The main clinical gynecologic manifestations include chronic pelvic pain, back pain, menstrual
disorders, and infertility. Over 60% of women with endometriosis have chronic intestinal
symptoms. Diarrhea, constipation, tenesmus, nausea, vomiting, fever, anorexia, weight loss,
and hematochezia may be present at different intensities. Even without parietal invasion, an
endometriotic lesion adjacent to any intestinal segment may cause digestive symptoms. Some
women may also be asymptomatic [1, 4].

1.4. Clinical evaluation

The complexity of the disease is determined by the variety of clinical presentations: the
multifocality, the involvement of non-gynecological sites, and the difficulty in the diagnosis of

Figure 3. Endometriotic lesion, hypoechogenic and heterogeneous, infiltrating the intestinal wall (ueT4L3).
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the disease by preoperative imaging examinations and in the definition of the proper surgical
treatment [5].

Clinical evaluation is performed as part of the overall assessment of a patient who presents
with pelvic pain and/or infertility.

2. Imaging diagnosis and treatment

Gynecological pelvic exam is considered important for evaluating the extent of pelvic lesions.
Through vaginal and rectal touch examination, thickening or nodularity in the pouch of
Douglas, uterosacral ligaments, and/or the rectovaginal septum are the most significant data.
However, the absence of positive signs does not rule out the disease [1].

Although considered important, gynecological pelvic exam is not sufficient for the diagnosis of
the location of deeply infiltrating endometriosis [5]. Imaging methods can suggest the diagno-
sis of endometriosis and help to map the disease [1, 7].

Some imaging methods can provide answers to these questions:

1. Is there an infiltration compromising the intestinal wall?

2. What is the location of the endometriosis lesion?

3. What is the depth, the extension, and the fraction of the circumference of the intestinal wall
invaded?

4. Is there invasion of adjacent organs or structures and adhesions in the cavity?

5. What is the distance between the lesion and the peritoneal reflection?

6. What is the distance between the lesion and the anal sphincter?

7. Is the rectovaginal septum compromised?

8. Is the disease multifocal?

9. Is there another type of intestinal lesion mimicking intestinal endometriosis?

10. Is histologic differential diagnosis necessary?

A study showed that TVUS had better sensitivity, specificity, and accuracy in deep
retrocervical and rectosigmoid endometriosis when compared with MRI and gynecological
examination [8].

Another study compared diagnostic accuracy of physical examination, transvaginal ultra-
sound (TVUS), transrectal ultrasound (TRUS), and MRI in the evaluation of deep infiltrating
endometriosis. The study concluded that MRI gives similar results to TVUS and TRUS for the
diagnosis of intestinal endometriosis but has higher sensitivity and likelihood ratios of
uterosacral ligament and vaginal involvement [9]. However, some studies showed that TRUS
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and TVUS were superior to MRI for detecting lesions in rectosigmoid. The TVUS should be
used as the first-line imaging study [10, 11].

MRI is very useful in the complete evaluation of the pelvis (pelvic floor, bladder, ureter, and
muscles). It is the best option for the evaluation of ovarian endometriosis, and it has good
accuracy in the diagnosis of deep implants of the intestinal wall or rectovaginal septum
[1, 12].

Colonoscopy is often performed in many patients with endometriosis, especially in patients
with intestinal symptoms such as rectal bleeding. However, only 50% of deep intestinal lesions
have specific signs of endometriosis such as subephitelial lesions, which promote deformation
and reduction in the lumen (Figure 4). Frequently, there is a paucity of mucosal involvement.
A prospective study showed colonoscopic findings suggestive of intestinal endometriosis in
4% of cases. Colonoscopy failed to diagnose intestinal endometriosis in 92% of patients who
underwent surgery. So, this invasive procedure should not be routinely performed in the
diagnosis of intestinal endometriosis [13]. On the other hand, it should be routinely used to
exclude other intestinal diseases of the rectum, colon, and terminal ileum that can mimic
intestinal symptoms of endometriosis (present in around 60% of patients with deep endome-
triosis).

When histological confirmation of intestinal endometriosis is necessary, TRUS-FNA is con-
sidered a safe procedure. In 2010, Rossini performed TRUS-FNA in 85 patients with
suspected endometriotic lesions and characterized the histological findings of endometriosis
in 97% of the patients [14]. Puncture was restricted only to lesions that compromise at least
the muscular layer of the intestinal wall (ueT3) [3]. The hypothetical risk of seeding
endometriotic cells was avoided because TRUS-FNAwas performed without the penetration
of the peritoneal cavity, and no other organs were transfixed. Histological diagnosis using
TVUS-FNA still presents limitations, that is, the risk of peritoneal and/or vaginal implants in
the path of the needle.

Figure 4. Colonoscopy image—endometriotic lesion infiltrating the intestinal wall.
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2.1. Transrectal ultrasound

The TRUS has been used for more than a decade for the diagnosis and staging of deep
endometriosis, providing relevant data for surgical treatment. It is useful to determine the
depth of infiltration and the distance from the anal junction. Evaluation of intestinal endome-
triosis can be performed by using rigid linear probes (Figure 5), linear probes, or radial
echoendoscopes.

Figure 5. Rigid probe (Hitachi EUP U533).
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The rigid probe facilitates the evaluation of lesions located in the rectosigmoid and
rectovaginal septum [3]. Using rigid probes, the patient should be positioned in the left
lateral decubitus with flexion of the thighs and legs. First, a deep rectal touch examination
should be performed to check for anorectal stenosis and/or nodules in the regions of the
anus, rectum, rectovaginal septum, pouch of Douglas, cervix, and paracervical regions.
Subsequently, the rigid probe should be introduced through the anus and immediately
pointed to the back of the patient. The probe should then be softly slid over the sacrum for
up to approximately 7–10cm in the rectal lumen. At this point, a balloon coupled over the
probe is filled with water (at least 40mL). The probe is then pushed up gently with short up
and down movements until the distal sigmoid colon. In this position, the right and left iliac
vessels and sometimes the bifurcation of abdominal aorta and the right kidney can be
observed. Evaluation of the intestinal wall and surrounding tissues, including pelvic organs
and iliac vessels, is performed using movements of introduction, traction, and rotation of the
probe on its longitudinal axis (clockwise and counterclockwise), as well as by compression
or decompression of the transducer against the wall [3].

The presence of hypoechogenic, irregular, homogeneous, or heterogeneous lesions, around or
infiltrating pelvic structures, or the intestinal wall are considered suspect of endometriosis
(Figures 6–8).

Figure 6. Extra-intestinal endometriotic lesion (ueT1L2 R).
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Figure 7. Hypoechogenic and heterogeneous lesion, infiltrating the intestinal wall (ueT3L3).

Figure 8. Endometriotic lesion (ueT3L3).
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Figure 9. TRUS—Endometriotic lesion (ueT3L4) using transrectal ultrasound and elastography.

Figure 10. Confocal—endometrial stroma (grayish spots in the middle of fibrosis).
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Studies focusing on elastography (Figure 9) and confocal laser endomicroscopy (Figures 10–12)
have been used to improve the accuracy of TRUS for the diagnosis of deep pelvic endometri-
osis with rectal involvement.

2.2. Treatment

Clinical treatment, exclusive for deep pelvic endometriosis, is still controversial. Medical
therapy treats all sites of disease simultaneously, but systemic adverse effects may occur and
also recurrence of symptoms when the use of medication is discontinued [4].

Surgical treatment may be the best option in some cases, because it promotes complete
excision of the endometriosis lesions [4]. The recent trend is to prefer nodule excision, when
feasible, rather than radical digestive resection; therefore, it is important to take into consider-
ation the staging of rectal and sigmoid infiltrating endometriosis in the preoperative clinical
evaluation [15]. At the presence of lesions in the intestinal or urinary organs, a gastrointestinal
or urologic surgeon is respectively recommended [1].

Figure 11. Confocal—fibrous (elongated grayish fibers).
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3. Final considerations

Endometriosis is a costly chronic disease causing pelvic pain and infertility and may hence
impair quality of life. All women presenting with these symptoms should be evaluated for
endometriosis. TRUS is not considered the first-line option to evaluate intestinal endometri-
osis, but it is essential to determine the depth of infiltration and the distance from the anal
junction. This information is useful to assess the extent of rectal surgery [4].

Figure 12. Endometrial glands (dark clouds).
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The treatment of deep pelvic endometriosis with intestinal involvement should be individual-
ized and performed by a multidisciplinary team including gynecologists, psychologists, and
surgeons with training and experience in advanced techniques of laparoscopic surgery.
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