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Preface

Learning to perform and interpret endoscopic ultrasound
(EUS) requires both didactic learning and repetitive exposure
to images usually accomplished through procedural volume.
We provided detailed aspects of the didactic portion of
learning in the Gress and Savides textbook Endoscopic
Ultrasonography. We then created the Gress, Savides, Bounds
and Deutsch Atlas of Endoscopic Ultrasonography to provide
aspiring endosonographers access to numerous images and
videos to assist them with improving their pattern recogni-
tion of pathologic conditions.

In this second edition of the Atlas, we are grateful that the
renowned Brazilian endoscopist Everson Artifon has joined
our team, along with our previous editor Brenna Casey who
has continued with the Atlas. Our previous editor, John
Deutsch, has retired and fortunately his timeless and superb
chapters related to learning EUS anatomy are retained.

In this edition, we are excited to have expanded our
international panel of world class endosonographers as
contributing authors to provide a variety of styles and

approaches to EUS. Our authors include some of the “first-
generation” pioneers of endoscopic ultrasound as well as
the next generation of interventional EUS pioneers who
are improving the imaging abilities of new and enhanced
EUS technology and expanding the breadth of interven-
tional techniques. We are especially pleased to offer many
new sections on “How to do” aspects of interventional and
therapeutic EUS procedures.

We hope this Atlas will appeal to a wide spectrum of endo-
sonographers, from those who are beginning their training to
those who are looking to expand their horizons with thera-
peutic techniques.

Finally, we want to thank our families, colleagues, editors,
authors, and especially Jenny Seward from our publisher,
Wiley, for all their support without whom this Atlas could not
be possible.

Frank Gress MD
Thomas Savides MD
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About the Companion Website

This book is accompanied by a companion website:
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¢ Videos showing procedures described in the book.
(All videos are referenced in the text at the end of each chapter.)
e All figures from the book available for downloading

www.wiley.com/go/gress/atlas
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1 Normal EUS Anatomy






John C. Deutsch

Normal Human Anatomy

Essentia Health Care Systems, Duluth, MN, USA

Introduction

The Visible Human Project at the University of Colorado
has generated large volumes of human anatomy data. The
original information is captured by slowly abrading away
frozen human cadavers in a transaxial manner and cap-
turing the anatomy by digital imaging. The digital data is
compiled and then over the years is manipulated by scien-
tists at the University’s Center for Human Simulation to
allow access to identified cross-sections in any plane as
well as to models which can be lifted from the data set.
Details regarding the Visible Human Project and its appli-
cations to gastroenterology and endosonography have
been previously described.

This atlas is fortunate to be able to use the interactive
anatomy resources developed by Vic Spitzer, Karl Reinig,
David Rubenstein, and others to create movies that help
explain what takes place during endoscopic ultrasound
(EUS) evaluations. Since EUS is a “real-time” examination,
it seems reasonable to present this section primarily as
“real-time” videos. The videos can be viewed over and
over, allowing endosonographers to look not only at the
highlighted structures, but also at structures they might
visualize during EUS that are not specifically identified on
the selected video.

This chapter uses the terms “radial array orientation” to
describe planar anatomy which would be found perpen-
dicular to a line going through the digestive tract (as would
be generated by a radial array echoendoscope, Figure 1.1)
and “linear array orientation” for planar anatomy gener-
ated parallel to a line going through the digestive tract (as
would be generated by a linear array echoendoscope,
Figure 1.2).

Normal EUS anatomy from the esophagus

Radial array orientation (video 1.1)
Video 1.1 starts with Visible Human Models of the left atrium
(purple), trachea and bronchi (light blue), aorta and pulmonary
arteries (red), vena cava (dark blue), and the esophagus
(brown). A plane is shown passing through the esophagus.
This plane contains the transaxial cross-sectional anatomy
images which then follow, starting in the oropharynx and
going caudally. The upper esophageal sphincter (UES) is
identified. As the images proceed distally, the trachea and
esophagus can be followed to a point where the brachioce-
phalic left carotid and left subclavian arteries are evident just
above the aortic arch. Below the aortic arch is the aortopul-
monary window. The azygos arch can be seen exiting the
superior vena cava (SVC). This occurs just above the tracheal
bifurcation. The esophagus (labeled as “E”) is surrounded by
the descending aorta, the vertebrae, and the trachea. The
thoracic duct (not labeled) is visible between the aorta and
vertebrae, inferior to the esophagus. Going distally, the pul-
monary artery becomes prominent. The region between the
right mainstem bronchus (RMB) and left mainstem bron-
chus (LMB) is the subcarinal space. The video progresses to
a level where the left atrium surrounds the superior aspect
of the esophagus and then the video ends as the esophagus
passes the gastroesophageal junction.

An image plane cross-section taken from a radial array
orientation at the level of the subcarinal space is shown in
Figure 1.3.

Linear array orientation (video 1.2)
Video 1.2 starts with the same models as above (the left
atrium [purple], trachea and bronchi [light blue], aorta and
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Figure 1.1 Visible Human Model of esophagus, stomach, and duode-
num. The green circle shows a plane perpendicular to the axis and is
similar to a plane developed during radial array endosonography.

pulmonary arteries [red], vena cava [dark blue], and the
esophagus [brown]). The plane shows potential ways that
cross-sectional anatomy can be generated. The video then
shows a sagittal image with the descending aorta inferior to
the esophagus, much as what is done during linear array
EUS. In this orientation the pulmonary artery (PA) and left
atrium are superior. The image plane is rotated to bring the
left atrium and pulmonary artery to the inferior side of the
esophagus. The models are then shown again, and the plane
is moved in the caudal and cephalad directions, much as
during EUS.

Normal EUS anatomy from the stomach

Radial array orientation (video 1.3)
Endoscopic ultrasound of the stomach differs from EUS at
other sites since the stomach does not constrain the endo-
scope tightly. It is important to follow anatomical structures
(such as in a station approach) to avoid getting lost.

The video shows models of the stomach, esophagus, duo-
denum, gallbladder, pancreas (brown), the aorta, splenic

Figure 1.2 Visible Human Model of esophagus, stomach, and duode-
num. The red circle shows a plane parallel to the axis and is similar to a
plane developed during linear array endosonography.

Figure 1.3 Transaxial cross-section of digital anatomy taken at the level
of the subcarinal space. Ao, aorta (both ascending, superior in the image,
and descending, inferior in the image, are shown); Az, azygos vein;

PA, pulmonary artery; RMB and LMB, right and left mainstem bronchi;
SVC, superior vena cava.



artery, hepatic artery and left gastric artery (red), adrenal
glands (pink), and splenic, superior mesenteric veins (dark
blue) as viewed from behind. A plane is passed that is similar
to the image plane generated during radial array EUS. The
resultant cross-sectional anatomy starts at the level of the
gastroesophageal junction, with the aorta and inferior vena
cava (IVC) labeled. The aorta (which is collapsed) is fol-
lowed, which brings the pancreas and left adrenal gland into
view. The first artery that comes off the aorta in the abdo-
men is the celiac artery. There is a trifurcation into the
splenic, hepatic, and left gastric arteries (LGA), although the
LGA is generally smaller and difficult to see. It is shown in
the video at the “x” just before the bifurcation into the celiac
and hepatic arteries as identified.

The superior mesenteric artery (SMA) comes off the aorta
just distal to the celiac artery. Various endoscope maneuvers
can be used to bring the portal confluence into view, and
then the splenic vein can be used as a guide to visualize the
pancreas body, left adrenal, kidney, and spleen. The dia-
phragm can be easily imaged between the kidney and the
vertebrae.

Linear array orientation (video 1.4)

The linear array exam also follows the aorta to the stomach,
but, as shown Video 1.4, the image plane across the pancreas
is generally obtained through a sweeping motion. The first
major gastric landmark is the origin of the celiac artery and
SMA from the aorta (Figure 1.4). The superior mesenteric
vein (SMV), portal vein, and splenic vein can be used as
guides to go back and forth across the pancreas and in the

Figure 1.4 Sagittal cross-section of digital anatomy at the level of the
gastroesophageal junction, similar to a view seen during linear array
endoscopic ultrasound (EUS). The celiac and superior mesenteric arteries
(SMA) are shown at their insertion into the aorta. The renal vein (RV) is
shown adjacent to the SMA and the splenic vein is shown adjacent to the

pancreas.
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process, the left adrenal, kidney, and spleen can be seen. The
splenic artery runs roughly parallel to the splenic vein, but is
generally tortuous.

Normal EUS anatomy from the duodenum

Radial array orientation (video 1.5)

The radial array EUS examination through the duodenum
follows a constrained path, but the endoscope can be rotated
to put various structures into the inferior aspect of the image
plane, as shown in the models of the duodenum, pancreas
(brown), portal and superior mesenteric veins (blue), aorta
(red), and SMA (silver). There are many structures of inter-
est in a rather small area, and most of the images obtained
are from the posterior view, with the liver to the right and
the pancreas to the left of the image screen. After leaving the
pylorus, the pancreas can be oriented with the tail pointed
either to the left or inferiorly, and the splenic vein runs in
the same direction as the pancreas. Going through the duo-
denal bulb, the gastroduodenal artery (GDA) often appears.
Without Doppler, the GDA can be confused with the com-
mon bile duct (CBD) since these structures are nearly paral-
lel in orientation and are very close to each other. As the
apex of the duodenal bulb is reached, the image plane cap-
tures a longitudinal view of the CBD and the portal vein. As
the descending duodenum is reached, the bile duct is seen in
cross-section and the IVC comes into view. As the third part
of the duodenum is reached, the image plane rotates in such
a way as to give a longitudinal cut through the IVC and then
passes underneath the junction of the SMA with the aorta.
Branches of the SMV can be found and the renal vein is vis-
ible in the “armpit” formed at the insertion of the SMA into
the aorta. A special area is then highlighted in Video 1.5.
Models show how the gastroduodenal artery and the hepatic
artery (in red) relate to the CBD (in orange).

Figure 1.5 shows a model with an image plane and
Figure 1.6 shows the resultant planar anatomy, which forms
the stack sign — a phenomenon in which the portal vein,
CBD, and main pancreatic duct are captured in the same
field.

Linear array orientation (video 1.6)

The linear array exam of the duodenum is an excellent
way to see the CBD and pancreatic head. The anatomy is
difficult to understand since the endoscope image is tipped
into the C-sweep of the duodenum, and then the image
plane is swept in various angles, resulting in a cross-sec-
tioning of the CBD and pancreatic duct (PD). The image
planes employed can be appreciated from observing the
models in the video. The cross-sections obtained can be
positioned to first give a longitudinal view of the CBD and
both longitudinal views and cross-sections of the portal
vein and SMV.



PART 1 Normal EUS Anatomy

Probe

Image plane
that generates
“stack sign™

Figure 1.5 Visible Human Model of an image plane that is in the location
in which radial array endoscopic ultrasound (EUS) generates the “stack
sign”, in which the portal vein, common bile duct (CBD), and pancreatic
duct are in the same field. A probe in orange is shown going into the
proximal duodenum. The superior mesenteric vein (SMV) is also shown.

Figure 1.6 The cross-sectional anatomy within the plane shown in
Figure 1.3. The common bile duct (CBD), pancreatic duct (PD), and portal
vein are all in the same field (“stack sign”).

Figure 1.7 Visible Human Model with a plane that is in a location similar
to what can be generated during linear array endoscopic ultrasound (EUS),
showing the relative position of the gastroduodenal artery, pancreatic duct
(PD), hepatic artery, and common bile duct (CBD).

As seen in the first part of Video 1.6, if the endoscope is in
the second part of the duodenum, the bile duct goes to the
ampulla away from the transducer and the liver is towards
the transducer. If the endoscope is in the duodenal bulb, as
shown in the second part of the video, the liver is away from
the transducer.

The GDA drapes over the portal vein and can be found most
readily using Doppler. Figure 1.7 shows a model and Figure 1.8
the resultant cross-section where the GDA can be found.

Normal EUS anatomy from the rectum

Radial array orientation, male (video 1.7)
Video 1.7 shows models of various male pelvic structures,
starting with the rectum and sigmoid colon, the aorta, and
the iliac arteries with internal and external branches. The
SMA is included to show the anterior direction of the models.
The prostate, bladder, coccyx, and sacrum are added sequen-
tially. A second set of models is then shown which contains
the rectum, sigmoid colon, prostate, bladder, coccyx, sacrum,
external iliac arteries (red), veins (blue), as well as three-
dimensional models of the internal and external anal sphinc-
ters. The sphincters and sigmoid colon are then removed.
Planar anatomy in the radial array orientation from the
male rectum is then shown, starting distally and moving
proximally. The anal sphincters are labeled, followed by the



Figure 1.8 Cross-sectional anatomy generated within the plane shown in
Figure 1.5. The gastroduodenal artery (GDA) and common bile duct (CBD)
are shown with the pancreatic head. The portal vein (PV) is shown near the
portal confluence.

prostate, urethra, levator ani, and coccyx. The sacrum and
seminal vesicles are then shown, followed by the right inter-
nal iliac artery.

Radial array orientation, female (video 1.8)

Video 1.8 starts distally at the end of the anal canal. The
internal and external sphincters are shown, and residual
stool is present in the rectum. Moving proximally, the vagina
and urethra are shown, followed by the cervix and bladder.

Linear array orientation, male (video 1.9)

Video 1.9 starts with a sagittal plane through the pelvis with
the body facing the left. The prostate, rectum, anal canal,
and bladder are identified. The plane is rotated, and the sem-
inal vesicles and internal anal sphincter are labeled. The coc-
cyx and sacrum are apparent at the start and end of the
video but are unlabeled.

Linear array orientation, female (video 1.10)

Video 1.10 starts with a sagittal plane through the pelvis
with the body facing the left and slightly face down. The anal
canal, rectum, uterus, and bladder are identified. Stool is
present in the rectal vault. The plane is rotated, and towards
the end of the video the internal anal sphincter (IS) and
external anal sphincter (ES) are identified.

Vascular videos

Arterial (video 1.11)

Video 1.11 shows models of some of the main arteries that are
visualized during endosonography. A close-up view shows the
celiac artery with its branches (hepatic, splenic, and left gastric
arteries). The gastroduodenal and pancreaticoduodenal arter-
ies are shown coming off the hepatic artery. The internal and
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external iliac arteries are then identified, followed by identifi-
cation of the arteries associated with the aortic arch (left sub-
clavian, left carotid, brachiocephalic) and the branches of the
brachiocephalic (right subclavian and right carotid). Various
organs are then placed in the model starting with the esopha-
gus, then pancreas, stomach, and duodenum.

Venous (Video 1.12)

Some of the major veins visualized during endosonography
are shown. At first, the vena cava and right atrium are iden-
tified, after which, the renal veins and azygos veins are
added. The portal system with the portal vein, SMV, splenic
vein, and inferior mesenteric vein (not labeled) are placed in
blue. The systemic veins are then colored and removed. The
pancreas is placed on the portal vein and its branches, show-
ing how the head runs parallel to the SMV and the tail runs
parallel to the splenic vein.

Endobronchial ultrasound anatomy (video 1.13)
Extratracheal anatomy is similar to extraesophageal anat-
omy and many of the structures seen in the extratracheal
spaces are the same as what is seen in the extraesophageal
spaces. The endoluminal views of the trachea are oriented so
that the membranous trachea is inferior and is splayed wider
than the cartilaginous trachea at the level of the carina, put-
ting the right mainstem bronchus (RMB) to the right and the
left mainstem bronchus (LMB) to the left (Figure 1.9). As
one goes right the bronchus immediately branches superi-
orly towards the right upper lobe (RUL), and continues
straight as bronchus intermedius (BI) (Figure 1.10), which
then branches towards the right middle lobe (RML) and
right lower lobe (RLL) of the lung (Figure 1.11).

Going left from the carina, one goes down the relatively long
left mainstem bronchus until it branches towards the left upper
lobe (LUL) and left lower lobe (LLL) of the lung (Figure 1.12).
An overview of the bronchial tree is shown in Figure 1.13.

Video 1.13 starts with the cervical trachea. All images are
in a linear array orientation as endobronchial ultrasound
(EBUS) is exclusively linear. The esophagus is inferior and
the brachiocephalic artery and vein are superior. The video
begins with rotation of the image plane. The superior part of
the plane moves left and the inferior part moves right. This
moves the esophagus out of view and brings the left subcla-
vian artery and left carotid artery into the inferior part of the
image. Eventually, the esophagus is seen in the superior part
of the image and, with continued motion, the esophagus
again appears inferior to the trachea. At this point, the image
plane moves caudally to the carina. The right pulmonary
artery, brachiocephalic artery (BA), and left brachiocephalic
vein (LBV) are labeled. The plane is again rotated to splay
the right (RMB) and left (LMB) mainstem bronchi apart. The
plane is then moved to better visualize the right mainstem
bronchus, showing the branch to the right upper lobe (RUL),
the azygos arch (AzArch), the bronchus intermedius (BI).
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Figure 1.11 Endobronchial view of the bifurcation of the bronchus

Figure 1.9 Endgbronchial vieV\{ of the carina, showing the right (RMB) intermedius towards the right middle lobe (RML) and the right lower lobe
and left (LMB) mainstem bronchi. (RLL)

Figure 1.10 Endobronchial view of the first branch of the right mainstem
bronchus towards the right upper lobe (RUL) and the bronchus intermedius
(BI).

This same plane shows the relation of the aortic arch
(AoArch) and left pulmonary artery to the left mainstem
bronchus (LMB). As the plane goes down the right main-
stem bronchus/bronchus intermedius (RMB) towards its
next bifurcation, the azygos arch (AzAr), right pulmonary
artery (RPA), and right pulmonary vein (RPV) are shown.

Figure 1.12 Endobronchial view of bifurcation of the left mainstem
bronchus towards the left upper lobe (LUL) and left lower lobe (LLL).

The plane is brought back to the carina to visualize the left
mainstem bronchus (LMB), and the azygos arch (AzAr),
aortic arch (AoAr), left pulmonary artery (LPA), and vein
(LPV) are identified. The branching to the left upper lobe
(LUL) and left lower lobe (LLL) are shown, and the aorta
(Ao) and left pulmonary artery are labeled.



Figure 1.13 A Visible Human Model of the bronchial tree.
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Chapter video clips

Video 1.1 Esophageal-related models and cross-sectional
anatomy: radial orientation.

Video 1.2 Esophageal-related models and cross-sectional
anatomy: linear orientation.

Video 1.3 Gastric-related models and cross-sectional anatomy:
radial orientation.

Video 1.4 Gastric-related models and cross-sectional anatomy:
linear orientation.

Video 1.5 Duodenal-related models and cross-sectional
anatomy: radial orientation.

Video 1.6 Duodenal-related models and cross-sectional
anatomy: linear orientation.

Video 1.7 Male rectum-related models and cross-sectional
anatomy: radial orientation.

Video 1.8 Male rectum-related cross-sectional anatomy: linear
orientation.

Video 1.9 Female rectum-related cross-sectional anatomy:
radial orientation.

Video 1.10 Female rectum-related cross-sectional anatomy:
linear orientation.

Video 1.11 Arterial models.
Video 1.12 Venous models.

Video 1.13 Bronchial anatomy in a linear orientation.




Esophagus: Radial and Linear

James L. Wise and John C. Deutsch
Essentia Health Care Systems, Duluth, MN, USA

Layers of the esophageal wall

Staging the depth of involvement of tumors and the layer of
origin of subepithelial masses is an important component of
competency in endoscopic ultrasonography (EUS). An inti-
mate knowledge of the normal layers of the esophageal wall
is critical for this to be done accurately. The wall of the
esophagus has four readily appreciable layers by EUS using
standard operating frequencies (5-12 MHz). The layers are
seen in concentric, alternating rings of hyperechoic and
hypoechoic structures emanating out distally from the tip of
the endoscope. Starting with the layers closest to the scope
tip, they are as follows:

¢ Interface echo between the superficial mucosa and water
(hyperechoic).

e Deep mucosa (hypoechoic).

e Submucosa plus the acoustic interface between the sub-
mucosa and muscularis propria (hyperechoic).

e Muscularis propria minus the acoustic interface between
the submucosa and muscularis propria (hypoechoic).

It a higher resolution frequency probe is used, greater
number of layers could be visualized as detailed in Chapter 4.
The esophagus lacks an obvious fifth layer as there is no
serosa.

In our opinion, visualization and discernment of the lay-
ers of the esophageal wall is usually best accomplished using
radial compared to linear instruments.

Figure 2.1 shows the esophageal walls using radial and
linear instruments. To help separate the layers, these images
include a muscularis mucosae leiomyoma that was subse-
quently resected. Images show subepithelial hypoechoic
lesion in echolayer II as well as in the other defined layers of
the esophageal wall.

Normal radial extraesophageal anatomy
(Video 2.1)

Standard examination of the esophagus and mediastinum
begins with advancing the radial instrument to the gastroe-
sophageal (GE) junction at or near the squamocolumnar
junction. At this level the aorta is seen as an anechoic circu-
lar structure in the 5 o’clock position. The descending aorta
is kept in this position as all radial mediastinal imaging will
then correlate quite nicely with cross-sectional imaging.
Other structures visible at the level of the GE junction are
the inferior vena cava (IVC) seen between 7 and 9 o’clock
and the liver between 6 o’clock and 12 o’clock surrounding
the IVC (Figure 2.2).

As the scope is withdrawn, the vena cava moves clockwise
and superiorly into the right atrium. The spine soon comes
into view adjacent to the descending aorta at 6 o’clock.

Further withdrawal upward to usually around 30-35 cm
reveals the anechoic chamber of the left atrium in the 12
o’clock position (Figure 2.3). With this field, relatively slight
movement of the scope will reveal the mitral valve (Figure 2.4),
aortic root, and the aortic valve (Figure 2.5). In the inferior por-
tion of the field the descending aorta, the spine, the thoracic
duct, and a relatively prominent azygos vein can be seen.

As the scope is withdrawn the bronchi come together at
the carina. At or just proximal to this level the azygos arch
(Figure 2.6) can be identified traveling superiorly and later-
ally into the superior vena cava. This is also the area of the
aortopulmonary (AP) window at approximately 2 o’clock.

The endoscope can be pushed down from here or pulled up
slightly from the position of the left atrium to reach the sub-
carinal space. Of interest in the subcarinal space are the right
and left mainstem bronchi seen emanating out as ribbed-like
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(b)

Figure 2.1 (a) Radial array image of esophageal wall with small echolayer Il leiomyoma. (b) Linear array image of esophageal wall with small echolayer II
leiomyoma.

Figure 2.2 Radial array image at gastroesophageal (GE) junction.
IVC, inferior vena cava.

Figure 2.3 Radial array image at the level of the left atrium. PV, pulmo-
nary vein. Figure 2.5 Radial array image at the level of the aortic root.
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Figure 2.8 Radial array image at the level of the left carotid and
subclavian arteries.

Figure 2.7 Radial array image at the mid aortic arch.

air-filled structures. As many have suggested, these can be
imagined to have the appearance of two headlights.

More proximally from the area at the AP window the
aorta elongates and forms the aortic arch (Figure 2.7). This
usually creates a semicircle on the entire right side of the
image correlating to the left-sided arch. However, with usual
orientation the aorta should not cross the midline. The left
carotid and left subclavian artery can easily be seen to leave
the aortic arch as small round structures on the right side of
the image (Figure 2.8). The brachiocephalic artery can some-
times be seen as well superior to the carotid on the right. As
the scope is withdrawn the thyroid comes into view. For
example, on the right of Figure 2.9 a prominent thyroid can
be seen with a cystic structure within it.

Normal linear thoracic anatomy

The linear scope is advanced to the GE junction by following
the descending aorta from the level of the arch downward

12

Figure 2.9 Radial array image at the level of the thyroid.

(Figure 2.10). In order to follow this path, the scope is usu-
ally torqued clockwise 90-180 degrees and, as the aorta is
followed down, the scope is gently rotated counterclockwise
to stay on the aorta. As seen in Video 2.2, the thyroid is visu-
alized briefly and the scope is then advanced to the level of
the GE junction.

The origin of the celiac artery (Figure 2.11) is identified
and then the scope can be withdrawn. This is the standard
reference point for the beginning of the exam during with-
drawal. Examination of the extraesophageal and thoracic
structures is more time consuming than the radial approach
as this echoendoscope’s narrow focal point has to be torqued
back a further 180 degrees to cover the same field of exami-
nation. This is done by withdrawing the scope at increments
with constant back and forth torque.

As the scope is withdrawn 3-5 cm back from the GE junc-
tion, the scope will need to be rotated 180 degrees off the
aorta to see the left atrium and cardiac structures. The car-
diac structure can be discerned quite readily using the linear
scope. The mitral valve is just adjacent to the aortic root,
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Figure 2.10 Linear array image at the mid aorta.

Figure 2.11 Linear array image at the level of the celiac artery.

which is just at clockwise rotation from the mitral valve. The
aortic valve can be visualized at various angles with appro-
priate endoscopic manipulation given its position relative to
the esophagus (Figure 2.12).

Withdrawing from the level of the left atrium by 1-2 cm
reveals the subcarinal space. This is the area between the
pulmonary artery and the left atrium. The bifurcation of the
trachea by definition occurs at this level as well.

The AP window is just proximal to this area by several
centimeters’ orientation and is slightly clockwise torque
from the subcarinal space. The space between the aortic
arch and the pulmonary artery make up this region. This is
below the level of the aortic arch by a few centimeters.
There is a small node seen on the image which could be

Figure 2.13 Linear array image at the aortopulmonary window (APW).
PA, pulmonary artery.

readily sampled via endoscopic ultrasound-guided fine
needle aspiration (EUS-FNA) (Figure 2.13).

The azygos arch is also visualized around this area, just at
or slightly below the aortic arch. The azygos vein can be fol-
lowed distally along the spine, as in the accompanying Video
2.2. Occasionally intercostal veins are visible.

Chapter video clips

Video 2.1 Radial array examination of the extraesophageal
spaces.

Video 2.2 Linear array examination of the extraesophageal
spaces.
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Normal Mediastinal Anatomy by EUS
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Introduction

The mediastinum is a common anatomical location for
lymph node (LN) metastases in lung cancer as well as many
other malignant and inflammatory conditions. The pres-
ence and specific location of mediastinal LN metastases in
non-small cell lung cancer (NSCLC) dictates therapy with
surgery for localized disease, combination therapy when
contralateral LNs are involved, and palliative therapy when
contralateral LNs and metastases
Unfortunately, cross-sectional imaging with computed
tomography (CT), magnetic resonance imaging (MRI), or
positron emission tomography (PET) alone is not adequate
to confirm a diagnosis; thus, a tissue sample is preferred.
Recently, it has been suggested that the use of endoscopic
ultrasound-guided fine needle aspiration (EUS-FNA) asso-
ciated with endobronchial ultrasound-guided transbron-
chial fine needle aspiration (EBUS-TBNA) can adequately
sample LNs in the mediastinum, avoiding the need for a
futile surgery.

The purpose of this chapter is to provide the basic ana-
tomical information as well as technical maneuvers used to
investigate the mediastinum successtully.

are encountered.

Anatomical definitions

The LNs in the mediastinum were classified in different sta-
tions based on surgical and anatomical landmarks for the
purpose of staging lung cancer but this schema is now widely
used in other chest diseases (Figure 3.1). The LNs with their
respective stations and corresponding anatomical locations
are described in Table 3.1.

EUS-FENA is usually best suited to sample LNs adjacent to
the esophagus which runs posterior to the trachea. Because

of ultrasound artifacts created by the air-filled trachea,
lesions immediately anterior to the trachea are not well
seen. EUS-accessible stations include 2L, 2R, 4L, 4R, 5, 7, §,
9, and, sometimes depending on the size, station 6. On the
other hand, EBUS-TBNA can target LNs either anterior or
lateral to the trachea to the level of the carina, and alongside
the left and right bronchial tree including stations 2L, 2R, 4L,
4R, 7, 10, and 11. Although both procedures overlap in sta-
tions 2 L/R, 4 L/R, and 7, in other stations they are com-
plementary, and in combination allow nearly complete
mediastinal access.

Equipment

Radial and curvilinear array echoendoscopes are available
(Figure 3.2), with scanning radius ranging from 270-360
degrees for radial to 100-180 degrees for the linear echoen-
doscope. These scopes have standard accessory channels
(2.0-2.8 mm) and larger accessory channels (3.7 mm) capa-
ble of delivering needles and other therapeutic devices such
as a 10 French (Fr) plastic stent.

EUS can use several types of needles: 19 gauge (G), 22 G,
and 25 G for FNA, as well as Tru-cut needles for core biopsy.
The needle is occluded with a stylet during passage through
the gastrointestinal tract wall and bronchial wall to mini-
mize contamination from passage through those structures.

EBUS equipment comprises a curvilinear array echoendo-
scope with an outer diameter of 6.7 mm and a biopsy chan-
nel of 2 mm. The ultrasonic frequency is 7.5 MHz with a
penetration depth of 4-5 cm, making it well suited for FNA of
LNs and lung masses through the trachea and bronchi. A 22
G needle is used to perform TBNA in the same manner as in
EUS. Both systems have integrated oblique-viewing optics to
guide intubation and limited inspection.

Atlas of Endoscopic Ultrasonography, Second Edition. Edited by Frank Gress, Thomas Savides, Brenna Casey, and Everson L. A. Artifon.

© 2022 John Wiley & Sons Ltd. Published 2022 by John Wiley & Sons Ltd.
Companion website: www.wiley.com/go/gress/atlas

14



Figure 3.1 Mediastinal lymph node stations.

Endoscopic ultrasound technique

The initial examination can be performed with either the
radial or linear array echoendoscope; however, the linear
scope is required to perform FNA. Given the obvious efficiencies,
we prefer to use a single linear echoendoscope for both
imaging and FNA.

Linear scanning

The balloon should be deflated or inflated only slightly to
provide good acoustic coupling with the tissue. The medi-
astinum is imaged by first finding the descending aorta
starting at the cardia. The examination can be performed
by rotating 360 degrees from the cardia, then withdraw-
ing the shaft 4-5 ¢m and performing another rotation.
Alternatively, one can survey from the cardia to the
cervix, then rotating 90 degrees and repeating the
maneuver until the whole mediastinum is examined. It is
useful to use the following five stations as described
by Deprez (Videos 3.1.1-3.1.3). For radial examination,
see Video 3.2.

CHAPTER 3 Normal Mediastinal Anatomy by EUS and EBUS

Table 3.1 Mediastinal lymph node stations with their anatomical
correlations.

Level Anatomical correlation

Superior mediastinal lymph nodes

1 Highest mediastinal

2 Upper paratracheal

3 Prevascular and retrotracheal

4 Lower paratracheal (including azygos nodes)
Aortic lymph nodes

5 Aortopulmonary (AP) window or subaortic

6 Para-aortic (ascending aorta and phrenic)

Inferior mediastinal lymph nodes

7 Subcarinal
8 Paraesophageal (below carina)
9 Pulmonary ligament

N1 lymph nodes

10 Hilar

11 Interlobar

12 Lobar

13 Segmental

14 Subsegmental

Figure 3.2 Types of echoendoscopes: (a) linear probe; (b) endobronchial
probe; (c) radial probe.

Inferior posterior mediastinum

The descending aorta is a large echo-poor longitudinal struc-
ture on linear array with a bright deep wall due to the air
interface with the left lung. Clockwise rotation will sequen-
tially image left lung, left pleura, left atrium, right lung, right
pleura, azygos vein, and spine. The azygos vein can be local-
ized by rotating approximately 30 degrees counterclockwise
from the descending aorta. It is a thin echo-poor structure
that can be followed proximally to its union with the supe-
rior vena cava. This is the area of LN stations 8 and 9
(Figure 3.3).
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PART 1 Normal EUS Anatomy

Figure 3.3 Lymph node at station 8 (between calipers).

Figure 3.4 Subcarinal station (station 7).

Subcarinal area

At approximately 30 cm the subcarinal area is easily recog-
nized by finding the left atrium, a large hypoechoic structure
with cardiac motion, and pulling back until it disappears on
the left edge of the screen. Then one should have the pulmo-
nary artery in the right portion of the screen (Figure 3.4).
Slight movements to the right and left have to be performed
to completely interrogate this station. This is the area of LN
station 7 (Videos 3.3 and 3.4).

Aortic arch area

The azygos arch is located at 24-25 cm from the incisors. The
aortopulmonary (AP) window (station 5) is situated between

16

Figure 3.5 Aortopulmonary window station (stations 4L, 5 and 6). AO,
aorta; L node; lymph node; PA, pulmonary artery.

the aortic arch and the pulmonary artery. The AP window is
found by following the aorta cephalad until its arch, rotating
clockwise approximately 90 degrees, then advancing 1-2 cm
with slight tip up of the echoendoscope. The aorta will be the
echo-poor structure on the right and the pulmonary artery
will be to the left; the AP window is the space between the
two just outside the AP ligament (which is not seen by EUS).
The 4L region is immediately medial (close to the esophagus
and EUS scope) to the AP window (Figure 3.5). Alternatively,
from the subcarinal area, rotating 90 degrees counterclock-
wise, crossing the left main bronchus and pulling it back
2-3 c¢m will put you in the same location. Further with-
drawal of the echoendoscope with slight rotation will show
the origin of the left subclavian artery. Occasionally, the left
carotid artery can be seen above the brachiocephalic (innom-
inate) vein.

Cervical area

Between 22 and 24 cm from the incisors, the superior part of
the lungs can be imaged along with the trachea, cricoid
bone, jugular veins, and carotid arteries.

Thyroid gland
At 17-20 cm from the incisors, the inferior thyroid gland can be
imaged as well as cervical LNs, which can be targeted for FNA.

Radial scanning

For radial scanning, one should enter the stomach, inflate the
balloon, and pull back the scope until the GE junction. The
aorta with be visualized as a large round echo-poor structure.
The aorta should be rotated to the 5 o’clock position, and the
spine will be at 7 o’clock with the azygos vein in the middle.
Then the balloon should be deflated and a slow pull-back is



