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Foreword

This current volume on Clinical Chest Ultrasound: From the
ICU to the Bronchoscopy Suite is the 37th in the series, and
the 10th since I took over as Editor-in-Chief. For this cele-
bratory 10th volume I wanted to have an unusual topic, but
one that would perfectly reflect the spirit of Progress in
Respiratory Research. When talking to potential guest editors
for the book John Beamis, a friend and well-known interven-
tional pulmonologist from Boston, came up with the bril-
liant idea to choose ultrasound as the topic and to cover all
aspects of its use in the chest that might be of interest to pul-
monologists and intensivists. The above title was born. The
next step was to find guest editors who would be willing to
do this book together with me, and bring the necessary
knowledge to cover every angle of this new imaging tool. I
was delighted that we could get the support of John Beamis
for the introductory section, Paul Mayo for the intensive care
unit part, Felix Herth for the endoscopic ultrasound section,
and Teruomi Miyazawa for the therapeutic procedures,
while I covered the transthoracic applications.

A book on imagery tools should include as many illus-
trations as possible without overdoing it and becoming an
atlas, which was clearly not our aim. We therefore made use
of the electronic option to put a number of pictures and
more importantly all video clips on a special on-line repos-
itory open to the purchaser of the book. We hope that this
feature will be attractive to the reader especially since these
illustrations can also be downloaded for personal use.

The final product should meet the very high standards of
the book series, which — by the way — has seen two of its
latest volumes receive a ‘highly commended’ award in the
BMA Book Competition! In the future we will continue to
produce about one book a year about any important aspect
of chest medicine. But while waiting for upcoming vol-
umes, get this one and enjoy it!

C.T. Bolliger
Cape Town

Vil



Preface

The use of ultrasound in medicine began during and
shortly after the 2nd World War in various centres around
the world. The work of Dr. Karl Theodore Dussik in
Austria in 1942 on transmission ultrasound investigation of
the brain is the first published work on medical ultrasonics.

From the mid-1960s onwards, the advent of commer-
cially available systems allowed the wider dissemination of
the art. Rapid technological advances in electronics and
piezoelectric materials provided further improvements
from bistable to greyscale images and from still images to
real-time moving images. The technical advances at this
time led to a rapid growth in the applications to which
ultrasound could be put. The development of Doppler
ultrasound had been progressing alongside the imaging
technology but the fusing of the two technologies in Duplex
scanning and the subsequent development of colour
Doppler imaging provided even more scope for investigat-
ing the circulation and blood supply to organs, tumours,
etc. The advent of the microchip in the 1970s and subse-
quent exponential increases in processing power have
allowed faster and more powerful systems incorporating
digital beamforming, more enhancement of the signal and
new ways of interpreting and displaying data, such as power
Doppler and 3-dimensional imaging.

Ultrasound has received increasing interest from chest
physicians in recent years. Modern ultrasound devices are
user-friendly, inexpensive, lightweight and portable, which
makes them suitable for outpatient settings as well as bed-
side investigation of the severely ill.

Vi

In case of parabronchial lesions, for instance, the view
during bronchoscopy is limited to the inner surface,
whereas the addition of endobronchial ultrasound systems
allows the inspection of structures surrounding the airways.

The various applications of chest ultrasound are set to
become practical and essential tools for the pulmonologist
in the near future.

However, the medical use of ultrasound remains highly
operator dependent in spite of advances in technology, and
the interests of the patient are best served by the provision
of an ultrasound service which offers the maximum clinical
benefit and optimal use of resources, i.e. with appropriately
trained personnel using equipment of appropriate quality.
Therefore, an adequate level of training in ultrasound is
essential for the provision of a safe and effective ultrasound
service.

Five different sections of the current volume in the
Progress in Respiratory Research cover the basics of the
technique, the indication and limitations of transthoracic
ultrasound, the critical care applications, the endoscopic
ultrasound applications, as well as the use of ultrasound in
therapeutic procedures. One of the aims was to compile a
book, covering all aspects of chest ultrasound ranging from
important topics for a beginner to complex applications for
the expert.

All chapters were written by leading experts in their
respective field, and all have — true to the spirit of the book
series — included the latest literature references. All chap-
ters are richly illustrated: for most of them online video
examples are available.
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Chapter 1

Bolliger CT, Herth FJF, Mayo PH, Miyazawa T, Beamis JF (eds): Clinical Chest Ultrasound: From the ICU to the Bronchoscopy Suite.

Prog Respir Res. Basel, Karger, 2009, vol 37, pp 2-10

Physics of Diagnostic Ultrasound

Creating the Image

Karen L. Reuter - Andrew Bogdan

Diagnostic Radiology, Lahey Clinic, Burlington, Mass., USA

Abstract

This chapter presents the physics of ultrasound, probe design, and
some of the typicel artifacts present in pulmonological applications.
Some of the techniques used for optimal imaging of chest anatomy
are explained as well as the diagnostic questions that can be
answered by a pulmonologist. Copyright © 2009 S. Karger AG, Basel

Diagnostic ultrasonography is the only clinical imaging
technology currently in use that does not depend on elec-
tromagnetic radiation. This modality is based on the prop-
erties of sound waves, and hence the mechanical and
acoustic properties of tissues.

Diagnostic ultrasound is mechanical energy that causes
alternating compression and rarefaction of the conducting
medium, traveling in the body as a wave usually at frequen-
cies of 2-10 MHz, well beyond audible frequencies. In gen-
eral it is assumed that the speed of sound in tissue is
constant at 1,540m/s [1]. By knowing the frequency and
the speed of sound, one can determine its wavelength (sim-
ilar to electromagnetic radiation) [2-4]:

N(wavelength) = c(speed)/f(frequency),
or using the assumed speed:
N(wavelength in mm) = 1.54/f(frequency in MHz).

For example, at a frequency of 2MHz (which is very
close to the necessary frequency usually used to image
deeply into the body compared to higher frequencies for
more superficial structures) the wavelength is 0.77 mm.
When a pulse of ultrasound energy is incident upon the
body, it interacts with the tissue in a variety of ways which
will be discussed. Some of the incident energy is directed
back towards the source and is detected. The time delay

between the energy going into the body and returning to
the ultrasound probe determines the depth from which the
signal arises, with longer times corresponding to greater
depths (depth = velocity - time/2). This information is used
in the creation of an image. Other factors that make the tis-
sues distinguishable on a screen are their slightly different
acoustical properties; one is known as the acoustic imped-
ance defined as Z = density - speed of sound [2-4]. At the
boundary between two different tissue types the sound
waves can be: (1) reflected, like light off a mirror, this being
the primary interaction of interest for diagnostic ultra-
sound, as it allows the major organ outlines to be seen; the
diaphragm and pericardium are specular reflectors; (2)
refracted, like light rays passing through a lens and hence
having their directions altered; (3) scattered, like sunlight in
the sky, sending sound waves off in different directions; this
occurs when the ultrasound wave encounters a surface that
is ‘rough’ [3, 4] or whose shape and density vary on a spatial
scale which is small compared to the wavelength of the
ultrasound, and (4) and attenuated or absorbed, as they lose
energy, which is converted to heat in the tissue. These last 3
effects will, in general, cause the sound waves that are
reflected back to the transducer from deeper tissues to be
much weaker, causing the image to get increasingly noisy
(too many echoes or small visible densities in the back-
ground compared with those of the desired image). The
amount of attenuation that occurs as the sound wave passes
through the tissue increases with higher frequency.
However, for pulsed ultrasound the axial resolution (the
ability to distinguish between adjacent dots in the direction
of the sound wave) is improved at high frequencies. This
difference in resolution produced comparing higher and
lower frequency transducers is because for a given number
of acoustic cycles, the pulse length is less at higher frequen-



Fig. 1. The time gain control adjustment panel on a typical ultrasound
system.

cies. Thus, high frequency ultrasound would be preferred
for better detail of anatomy closer to the surface.

Note that a time gain compensation control (fig. 1)
which is adjustable by the operator of the ultrasound equip-
ment can be used to boost the received signal intensity from
increasing depths (which arrive at a later time) so that the
image presented is more uniform in intensity and easier to
interpret. Since attenuation varies with frequency, the time
gain compensation is also adjusted depending on the fre-
quency of the probe being used.

Doppler Ultrasound

Another useful physical effect which occurs in ultrasound
is that the frequency of the reflected ultrasound wave is
changed when it strikes a moving object, such as blood in a
vessel. This alteration of the sound wave is known as the
Doppler effect and can be used to determine blood flow
velocity and the direction of the flow. The difference
between the transmitted and received frequency is called
the Doppler frequency shift [2-4].

AF =Ft—Fr =2><Ft><§><cose

where AF = Doppler frequency shift, Ft = transmitted
frequency, Fr = received frequency, v = speed of moving
target (blood flow velocity), ¢ = speed of sound in soft tis-
sue, O = angle between the direction of blood flow and the
direction of the transmitted sound phase.

Physics of Diagnostic Ultrasound

The Doppler angle for imaging flow needs to be 60° or
slightly less to the long axis of the vessel to obtain the correct
velocity. The frequency shift is proportional to the velocity;
the size of the waveform varies with the flow velocity.

Arterial waveforms are usually analyzed by the resistive
index (RI):

D S-D

RI=1-—=-——

S

where S = peak systolic velocity (or frequency shift) and
D = end-diastolic velocity (or frequency shift). RI increases
with the increase in resistance to flow. Parenchymal organ
arterial flow normally has an RI between 0.5 and 0.7.

Color Doppler sonography is sensitive to Doppler sig-
nals in a field of view. It provides a real-time image, tissue in
gray scale and blood flow in color. Color Doppler sonogra-
phy analyzes the phase information, frequency and ampli-
tude of returning echoes. Signals from moving red blood
cells are assigned a color (red or blue) based on the direc-
tion of the phase shift (direction of blood flow toward or
away from the transducer, respectively). High frequency
shifts are lighter [1]. Areas of abnormal slow flow can be
seen rapidly. Color Doppler ultrasonography has been used
to diagnose minimal or loculated pleural effusions by a
color Doppler signal or ‘fluid color’ sign from respiratory or
cardiac cycles [5]. This signal may help in guidance for aspi-
ration of this fluid.

Power Doppler imaging estimates the power or strength
of the Doppler signal rather than the mean frequency shift
[1]. Power Doppler can pick up slower velocities of flow
compared to the more commonly used frequency shift
Doppler. This power Doppler single color image and hue
relate to the moving blood volume but not the direction or
velocity. Higher power gain settings can be used. Another
distinguishing feature is that power Doppler is not affected
by Doppler angle.

Diagnostic Ultrasound Equipment

Regarding diagnostic ultrasound equipment, ceramic crys-
tals in the transducer deform and vibrate when electronically
stimulated to produce the sound pulses [1-4]. Echoes that
return to the transducer distort these crystal elements and
produce an electric pulse, which is processed into an image.
High-amplitude echoes create greater crystal deformation
and produce a larger electronic voltage. These high amplitude
echoes are displayed as brighter pixels, thus B-mode, or
brightness mode, images.



Fig. 2. a A 3.5C (bandwidth 2-5 MHz) convex phased array probe. This
probe will show a larger anatomical cross section than the linear probe
shown below. b An M12L linear array probe (bandwidth 5-13 MHz).

Resolution of an image is very important for diagnosing
pathology. Resolution is determined by the frequency and
duration of the transmitted sound pulse. Axial resolution
refers to the ability to resolve objects within the imaging
plane at different depths along the direction of the pulse,
best with higher frequency probes with their shorter pulses.
Lateral resolution is the ability to resolve objects in the
imaging plane that are located side by side; the focal zone
on the ultrasound console controls this.

The pulsed ultrasound energy is controlled by the sys-
tem’s electronics and emitted from the probe or transducer
(fig. 2). The probe can have a single element or be composed
of an array of many small elements that can be individually
addressed and controlled. The latter is referred to as a
phased array transducer. The elements are used both to

transmit the ultrasound as well as to detect the energy
directed back towards them. It should be noted that the
individual elements cannot simultaneously transmit and
receive - so following the emission of a pulse, an element in
the probe or transducer starts listening for the echo. After a
sufficient amount of time has passed, corresponding to a
certain desired depth for acquiring information for an
image, another pulse can be emitted. The size of the
transmitted beam is related to both the size and number of
elements that are used. By controlling the timing of trans-
mission from individual (or groups of) elements, the ultra-
sound beam’s direction and focusing can be controlled to
obtain the image of the organ being studied.

Most transducers today are multielement probes called
arrays. They contain groups of small crystal elements in a
sequential linear fashion. By changing the timing and
sequence of activation of the different arrayed elements, the
pulse can be directed to different places and focused at spe-
cific depths depending on the organ being interrogated. In
the phased array transducer each element in the array helps
in the formation of each pulse. A sector image is created by
this probe, which is small and can fit between ribs.

Curved-array transducers (fig. 2a) have a convex shape for
a wider field of view. A 3.5-MHz curvilinear probe provides
visualization of deeper structures, and the sector scan field
allows a wider field of view through a small acoustic window.
These transducers are required to image a thicker thoracic
wall [1-4]. The chest wall, pleura, and lungs can be evaluated
using this probe. The posterior chest is best imaged with the
patient sitting upright, the anterior and lateral aspects of the
chest in the lateral decubitus position. The suprasternal
approach is the best way to view the upper anterior and mid-
dle mediastinum; the aorta and superior vena cava can be
seen [6]. In abdominal and pelvic imaging curved-array
transducers are used to image the general abdomen includ-
ing the pelvis for obstetrical cases. Curved array transducers
with a short radius can be used as intraluminal or endolumi-
nal probes. These transducers are small and can be posi-
tioned close to the organ of interest, use higher frequencies,
and thus obtain higher resolution for very detailed images.
Not having to transmit sound through the abdominal wall
minimizes the major degradation by adipose tissue.

With linear-array transducers (fig. 2b) a limited group of
adjacent elements produce a pulse, which is perpendicular
to the transducer face [1]. The image is rectangular. Linear-
array transducers of high frequency are well-suited for
patients with thin thoracic walls [7]. The major benefit of
this large transducer is high resolution in the near field and
a large superficial field of view.

Reuter - Bogdan



The newer harmonic imaging uses higher integer multi-
ples of the fundamental transmitted frequency. These
sound waves progressively increase in intensity before they
attenuate. A filter allows only the high-frequency harmonic
signal to be processed into an image [1, 4]. Harmonic imag-
ing sometimes provides a smoother-appearing image.

Three-dimensional (3D) sonography data are acquired as
a stack of parallel cross sections with a 2D scanner or as a
volume with a mechanical or electronic-array probe [1]. 3D
images are used selectively to better appreciate the shape of a
mass or organ and its relationship to surrounding structures.

Acoustic Shadowing and Artifacts

In biologic tissues the speed of the sound is lowest in gas, fas-
ter in fluid, and fastest in bone, where the molecules are more
closely packed. There is no ionizing radiation. The sound
pulses transmitted into the body can be reflected, scattered,
refracted or absorbed as mentioned previously. Absorption,
or attenuation, is the loss of acoustic energy from conversion
to heat energy, more prevalent in bone than soft tissue, and
more prevalent in soft tissue than in fluid. It is a key cause of
acoustic shadowing (fig. 3b). Where there is a distinct loss of
the echoes behind an imaged structure, the shadow has a rel-
atively sharp border behind a bone.

Acoustic shadowing is so common in ultrasound images
that it is only sometimes called an artifact. It is the result of
the energy of transmitted sound being decreased by reflec-
tion and/or absorption. The shadowing behind gas is due to
strong reflections at gas/tissue interfaces. The reflected
pulse interacts with interfaces in front of the gas causing
secondary reflections, which leads to low level echoes, caus-
ing dirty’ images. However, the shadowing that occurs
behind stones, calcifications and bones is reduced by sound
absorption, resulting in only minimal secondary reflection,
and therefore ‘clean’ images [1] with a distinctly bordered
lack of echoes posterior to the calcified density.

Ring-down artifacts [8] have been associated with gas
collections in the body. These artifacts appear as a solid
streak or series of parallel bands radiating away from the gas.
They occur from a large mismatch or large difference in
acoustic impedance between two kinds of tissues, such as air
and water [9]. When struck by an ultrasound pulse, the fluid
is excited to ring or vibrate. A soft tissue-gas interface pro-
duces strong artifacts. The interface reflects 99% of the
sound beam and produces strong reverberation artifacts
parallel to the transducer; the interface totally obscures the
underlying lung tissue containing air. The interface gener-
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TRV RIB

Fig. 3. a Sagittal rib view (see arrows). b Transverse rib view showing
shadowing from behind rib (see arrow).

ates vertical echoes projected into the underlying tissue. The
large change in acoustic impedance at the pleura-lung inter-
face results in horizontal artifacts, a series of echogenic par-
allel lines equidistant from one another below the pleural
line. In healthy adults these artifacts usually only arise at the
last intercostal space above the diaphragm [6]. While per-
forming ultrasound images of a liver, one may see multiple,
vertical, long, narrow bands or lines extending down from
the posterior surface of the right hemidiaphragm [9]. These
are ring-down artifacts. These findings have been noted to
be most prevalent in patients with emphysema, idiopathic



interstitial pneumonia, bronchopneumonia and interstitial
edema. It is speculated that the ring-down arises from thick-
ened intralobular or interlobular septa filled with fluid
touching the visceral pleural surface.

The comet tail artifact [10, 11] is a reverberation artifact;
reverberation artifacts are strong reflections, in multiples,
from the same surface. These artifacts look similar to ring-
down. The comet tail artifact is an antishadow, a trail of
dense continuous echoes simulating a comet tail. They are
usually associated with foreign bodies, especially metallic
objects such as surgical clips, and cholesterol foci [8]. The
more the acoustic impedance of the object differs from the
surroundings, the greater the number of reverberant
echoes. The smaller the object is, the closer is the spacing
between these echoes. If echo bands are strong and close
together, they merge to produce the comet tail pattern. The
reverberation is strongest when the object is perpendicular
to the ultrasound beam [10]. In comparison to the ring-
down artifact, the comet tail artifact tapers fast and is short.

Posterior enhancement occurs when fluid-containing
structures attenuate the sound less than solid structures, the
strength of the sound pulse increasing after passing through
fluid compared to passing through a solid structure. This
increase through transmission distinguishes cysts and fluid
collections from solid masses.

How Can Diagnostic Ultrasound Help the
Pulmonologist?

Diagnostic ultrasonography is a very valuable tool for imaging
the chest because it causes no clinically significant biological
effects, is a real-time examination and has multiplanar imag-
ing capability. In real time one can focus the study on a painful
or palpable area. This modality of ultrasonography can be
portable, very significant for the ICU and emergency room.

Transthoracic ultrasound can be used to evaluate
peripheral parenchymal, pleural and chest wall diseases.
The maximum visualization of the lung and pleural space is
done by scanning along the intercostal spaces during quiet
respiration for normal lung movement; and in suspended
respiration when a lesion can be studied in detail. When
color Doppler is used, the sensitivity of the Doppler should
be set to low flow [6]. Ultrasound is used as guidance for
interventions such as biopsies or intercostal chest drains or
pleural fluid taps (fig. 4b, 5b).

The high degree of spatial resolution in B-mode and the
flow imaging in the Doppler mode help diagnose lesions in
the thoracic wall [7]. The modality of ultrasound can be

RIGHT CHEST

Fig. 4. a Sagittal image of the right pleural space showing a large
anechoic right pleural effusion, b with the distance to reach the fluid
1.73 cm and the distance to quarter depth of the fluid 4.02 cm.

used to distinguish a chest wall mass from a breast mass and
can be used to guide a biopsy needle into the tissue [12].
The skin of the thoracic wall appears on ultrasound images
as an echogenic layer 1-3 mm thick. Subcutaneous fat is just
under the skin. The large muscles that comprise the middle
layer of the chest wall are: the pectoralis, serratus, latissimus
dorsi and trapezius. On ultrasound images skeletal muscle
appears as uniform with multiple echogenic striae over a
hypoechoic background on longitudinal scans, and multi-
ple echogenic dots over a hypoechoic background on trans-
verse images. Ultrasound has been used to illustrate the

Reuter - Bogdan



TRV RT THORAX

Fig. 5. a Transverse image of the right pleural space showing col-
lapsed lung surrounded by a moderate anechoic pleural effusion. b
Transverse image of the right pleural space showing the measure-
ment to reach the fluid but not touching the lung, 3.57 cm. c Sagittal
image showing the collapsed lung surrounded by the moderate ane-
choic fluid.

extent of an anomaly such as the absence of muscle in
Poland’s syndrome. The deepest layer of the thoracic wall is
comprised of ribs (fig. 3), the intercostal musculature, and
the parietal and visceral layers of the pleura. Usually only
the superficial surface of the ribs can be seen on ultrasound
images, appearing as a bright interface with a marked
acoustic shadow (fig. 3b). With a high-resolution linear
probe the visceral and parietal pleura are seen as two
echogenic lines deep to the ribs. The visceral pleura usually
appears thicker than the parietal [7]. These pleural surfaces
slide over each other on real time; this is called the ‘lung
sliding’ sign of normal movement of the lung related to the
chest wall. The diaphragm is best imaged through the lower

Physics of Diagnostic Ultrasound
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TRV RT THORAX

intercostal spaces, as an echogenic line, 1 mm thick [6].
Normal downward movement of the diaphragm should be
seen on inspiration (fig. 6a).

The most salient application of pattern recognition in
ultrasound is the differentiation between cysts or fluid col-
lections and solid masses. Cystic structures have smooth
well-delineated borders, low echogenicity of the liquid
contents, no internal echoes and low attenuation (seen as
signal enhancement distal to the cyst), described previ-
ously (see fig. 5 of the pleural effusion surrounding col-
lapsed lung).

The classical appearance of a pleural effusion is an
echo-free layer between the visceral and parietal pleura [6]
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Fig. 6. a Sagittal images of the right upper quadrant showing the excursion of the diaphragm 2.64 cm moving appropriately inferiorly with
inspiration. b Seen in real time. Expiration view is shown. ¢, d Sagittal images of the left upper quadrant showing a paralyzed left hemidi-
aphragm with no change in location between expiration and inspiration.

(fig. 4). Transudates are anechoic. Exudates may appear
anechoic, complex or echoic. Doppler color signal within a
pleural effusion (‘fluid color’ sign) can help differentiate a
very small fluid collection from pleural thickening. This
signal is from transmitted respiratory and cardiac move-
ments [5, 6]. A hydropneumothorax can be diagnosed on
ultrasound; the ‘curtain sign’ describes reverberation arti-
facts from the air within the pleura that obscures the under-
lying effusions on inspiration [5, 6].

Visualization of normal lung parenchyma is not possible
by ultrasound because the large difference in acoustic imped-
ance between the chest wall and air in the lung results in
almost total reflection of the sound waves [9]. However, lobar
pneumonia, segmental pneumonias affecting the pleura, and
pleural-based consolidation can be seen on ultrasound
images. Although pneumonia is the most common cause of
lung consolidation, infarction, hemorrhage, vasculitis, lym-
phoma and endovascular carcinoma can appear the same.
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Peripheral lung tumors appear as homogeneous, well-
defined masses, usually hypoechoic with posterior acoustic
enhancement. Color Doppler helps distinguish malignant
from benign masses. Malignant masses have neovascularity
with low-impedance flow. Solid tumors release substances
which stimulate new vessel formation. The morphology of
these tumor vessels is abnormal: these vessels lack vascular
walls and therefore offer low resistance to flow, a low RI on
waveform arterial tracings, and have a higher end diastolic velo-
city compared to benign tumors. A constant flow has a high
correlation with malignancy; however, a pulsatile or triphasic
pattern is seen in benign and malignant neoplasms [6].

Thoracic wall masses are easily interrogated with ultra-
sound. The most common tumor in the thoracic wall is a
lipoma. It appears as a well-circumscribed mass, mildly
hypo- or hyperechoic compared to surrounding fat. Few
Doppler signals are detected in these neoplasms. Sebaceous
cysts, hematomas and abscesses can also be seen [6, 7].
Desmoid tumors are frequently seen in the thoracic wall
and appear poorly marginated and hypoechoic [7]. Primary
malignant tumors of the thoracic wall are rare and include
lymphoma, melanoma, malignant fibrous histiocytoma and
sarcomas. They appear hypoechoic [6, 7].

Lymph nodes, especially within the axilla and supraclav-
icular fossa, are easily imaged on ultrasound. Reactive,
inflammatory lymph nodes are oval or triangular with an
echogenic fatty hilum. Malignant lymph nodes are plump,
rounded, and hypoechoic, with loss of the fatty hilum [6].

Regarding trauma hematomas, muscle tears, rib frac-
tures, and foreign bodies can be diagnosed by ultrasound.
Acute hematomas appear as primarily homogeneous echo-
genic masses sometimes with fluid-filled levels. Chronic
hematomas appear more heterogeneous and hypoechoic.
To diagnose a rib fracture one sees a step-off instead of a
straight bright line on longitudinal images [7]. Subtle crack
fractures may show a small reverberation artifact called the
‘light house phenomenon’ or ‘chimney phenomenon’ [6].
Foreign bodies are usually recognized by a bright echogenic
structure with distal acoustic shadowing or reverberation,
such as the comet tail. Massive subcutaneous edema causes
bright echoes in the superficial layers with reverberating
echoes below, precluding the ultrasonographic imaging of
underlying structures [7].

The utility of contrast agents, microbubble-based intra-
venous substances, in diagnostic ultrasound, is to improve
image quality by introducing a change in the acoustic proper-
ties of tissue. Usually tissue contrast is improved by the
increased reflectivity of selected tissues depending on the
biodistribution of the agent. The bubbles increase the strength
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of the back-scattered signal from blood by several orders of
magnitude. Therefore the Doppler signal of flowing blood is
easier to detect after intravenous contrast agents have been
given. Also, microbubbles oscillate when subjected to ultra-
sound waves, generating harmonic signals, mentioned previ-
ously, which are stronger than those usually generated by soft
tissues. Thus, there is good visualization of blood flow and
enhanced soft tissues. Ultrasound contrast agents [1] are cur-
rently used in certain academic medical centers, often as
scholarly investigations under protocols for such goals as a
more complete evaluation of masses in the liver.

Conclusion

In this chapter we reviewed some of the physical principles
of ultrasound as well as its clinical use in pulmonology.
Diagnostic ultrasound is a safe imaging modality which is
based on the properties of sound waves and the mechanical
and acoustic properties of tissue. Reflection of the sound
beam from tissue back to the transducer produces a pulse
which creates the image. The Doppler effect of ultrasound
can be used to determine blood flow velocity and the RI.
Images from diagnostic ultrasound, which can be viewed
real time, and at the bedside, help the pulmonologist evalu-
ate pleural effusions, pleural-based masses, chest wall col-
lections, chest wall masses, peripheral lung masses and
diaphragmatic movement. This ultrasound modality is also
an excellent aid in guidance for biopsies and drainages.
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Abstract
Ultrasound examination is a valuable method in diagnosis of various
thoracic conditions including pleural or pericardial effusion,
empyema, pneumothorax, pulmonary embolism, pneumonia, and
primary or metastatic lung cancer. Ultrasound guidance during tho-
racentesis or tube thoracostomy assures minimal complications. It
can also assist with staging of lung cancer by defining the extension
of thoracic wall invasion or by real-time ultrasound-guided biopsy of
a supraclavicular lymph node. Invasive procedures such as medi-
astinoscopy can be spared with effective use of endoscopic or endo-
bronchial ultrasound in cancer diagnosis. Intensivists are able to
provide better bedside care efficiently with a focused examination in
critically ill patients. Thoracic ultrasound is mostly used to locate a
target organ or a disease-specific condition and is often used as a
complement to other imaging such as chest radiograph, computed
tomogram or magnetic resonance imaging. Advantages include
portability permitting bedside examination even in the intensive
care units. Specific focused skills can be easily learned with formal
didactic lessons and supervised training.

Copyright © 2009 S. Karger AG, Basel

Air is a poor medium for sound transmission. As lung con-
tains air, ultrasound of the lung may seem counterintuitive.
The interface between chest wall and normal lung with dif-
ferent acoustic densities reflects most of the ultrasound
waves, preventing a direct examination of an otherwise
healthy lung. In pathological conditions such as tumor inva-
sion, consolidation or atelectasis, the alveoli are replaced
with more dense tissue allowing better sound conduction.
When the pleural space is occupied with fluid or the consol-
idated lung reaches the chest wall, it opens an acoustic win-
dow permitting ultrasound examination of the lung.
Although ultrasound is now being used in most intensive
care units (ICU) for vascular access, the potential of ultra-
sound use by pulmonologists for other thoracic applications

is still underestimated. The role of ultrasound examination
in lung cancer staging is not mentioned in the current guide-
lines. Ultrasound is practiced in the emergency rooms
throughout the world for focused assessment with sonogra-
phy for trauma to determine rapid intervention for cardiac
tamponade, severe intrathoracic or intra-abdominal bleed-
ing or organ injury. Ultrasound is helpful to locate the best
site for chest tube placement or the insertion of a trocar
prior to thoracoscopy or to drain a complicated pleural effu-
sion. It can be used to localize parenchymal consolidation,
tumor, chest wall, pleural masses or lymph nodes.
Intrathoracic invasion of tumor masses in addition to car-
diac function may also be detected easily. At the Oststadt-
Heidehaus Hospital in Germany, ultrasound is routinely
used in cancer surveillance to scan pleura, chest wall, liver,
adrenal glands, lymph nodes or bones. An enlarged supra-
clavicular lymph node detected during examination is aspi-
rated at the same time with minimal additional preparation
allowing diagnosis and cancer staging. Fine needle aspirate
or histological specimen may be obtained under real-time
guidance with minimal risk of pneumothorax from the chest
wall or subpleural peripheral lung masses.

Ultrasound involves no ionizing radiation or nephro-
toxic contrast dye exposure. As opposed to other imaging
techniques such as computed tomogram (CT), magnetic
resonance imaging (MRI) or even simple radiographs,
ultrasound examination may be performed anywhere and
on any critically ill patient as a preliminary examination or
to further investigate an existing finding noted on other
radiographic imaging.

In this chapter we will briefly describe the clinical appli-
cations of ultrasound in thoracic diseases involving chest
wall, mediastinum, lung parenchyma, pleural fluid, lymph
nodes, and diaphragm. We hope this discussion will



encourage nonradiologists to consider ultrasound as an
attractive tool to aid with physical examination and inter-
ventional procedures.

Principles of Thoracic Ultrasound

Depending on the available transducers, a good examiner
may be able to achieve best results even when the circum-
stances are not optimal. Frequently, the sonomorphological
image may not be decisive because of limitations or arti-
facts. Lung patterns during examination are mostly
dynamic and the thoracic ultrasound examination is largely
based on the analysis of artifacts [1]. Familiarity with vari-
ous common artifacts and adequate technical skills are the
basic requirements for thoracic ultrasound.

Chest CTs are mostly done in supine position. Unlike CT
or MRI, there is no standardized operator interface for
image acquisition in ultrasound except for the marker on the
screen that corresponds to the transducer orientation. The
examination is dependent on the skills of the individual
operator and the orientation of the probe. So, reproducibility
of images is not as precise as with other imaging such as CT.
An optimal image acquisition depends on the choice and
placement of the appropriate probe with an adequate preset
at the right spot at an optimal angle with the patient in the
best possible position. Good thoracic ultrasound examina-
tion consists of not just the acquisition of static images but
analysis of the dynamic sonomorphological changes associ-
ated with probe positioning or respiratory movement.

Echogenicity

Ultrasound images are displayed on a gray scale. The
strongest echo appears white while it is black when no
sound wave is reflected from the organs. Depending on the
reflected wave amplitude, the following terms are used to
define echogenicity. When no sound wave is reflected and
the image appears black it is anechoic as in pleural effusion.
It is isoechoic when the echoes are of comparable amplitude
with the surrounding tissue as with kidneys or spleen. It is
hyperechoic when echoes are stronger than the surrounding
tissue as in diaphragm, and hypoechoic when it is weaker
than that from the surrounding tissue.

Description of Probes

Tissue penetration of ultrasound decreases as frequency
increases. Superficial organs are better visualized with higher
frequency and deeper structures with lower frequency trans-
ducers. The gain and the power of the ultrasound need to be
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adjusted to obtain an adequate image. Most ultrasound
equipments have preset modes for better imaging of specific
organs of the body. For superficial imaging, a preset for the
thyroid gland is useful. Otherwise most of the thoracic struc-
tures may be examined with abdominal preset.

The size of the probe is vital in real-time interventional
procedures. A smaller probe will leave more room for nee-
dle insertion during real-time vascular access, thoracente-
sis, tube thoracostomy or percutaneous biopsy. There are
primarily three types of transducers used in thoracic imag-
ing, e.g. linear array, curvilinear array and a phased array.

Linear array transducers have piezoelectric crystals
arranged in a linear sequence on the transducer head (fig.
la). Parallel pulses are generated forming a line of sight per-
pendicular to the transducer face with a large footprint
(part of transducer in contact with body surface). It pro-
duces a rectangular display. A linear array 7.5- to 10-MHz
transducer with a thyroid preset is best to visualize superfi-
cial structures of the neck. This is also useful for vascular
access or to determine pleural thickening, pleural masses or
subpleural parenchymal lesions of lung. These high-fre-
quency transducers provide an excellent high-resolution
image of superficial structures but are not ideal for deeper
tissue examination.

The curved array transducers consist of linear arrays
shaped into convex curves that produce a large field of view
with a large footprint (fig. 1b). These provide a pie-shaped
image and are helpful to examine large pleural effusion,
lung or abdominal structures or to view the lung from an
abdominal approach.

In the phased array transducers, crystals located on the
transducer head are pulsed as a group and the direction of
the beam is continually changed in phases producing a pie-
shaped image with a smaller footprint (fig. 1c). The benefit
is a relatively smaller transducer with a large field of view at
depth. A 2- to 5-MHz-phased array or a sector probe is
good to visualize deeper structures such as atelectatic lung,
complicated pleural effusion or heart through the inter-
costal space. They are also useful to visualize the pleural
space from an abdominal approach through the liver.

Position of the Patient and Relationship with Other Organs
In the ultrasound nomenclature, a popular term used is the
earth-sky axis. The thoracic organs are composed of water
and air. Air rises and the water descends following the rules
of gravity. Intrathoracic organs and pleural fluid shift with
different patient positions. Successful examination depends
on appropriate understanding of the anatomy in relation to
patient position during image acquisition.
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Fig. 1. a Linear array transducer. Parallel pulses are generated perpendicular to the transducer head. It
provides a rectangular field of view. b Curvilinear transducer. Diverging pulses radiating from the convex
transducer head. It generates a pie-shaped image with a larger footprint. ¢ Phased array transducer.
Alternating pulses radiating from the transducer head. It also generates a pie-shaped image but with a

smaller footprint.

The lymph nodes or tumors of the anterior mediastinum
that are not in contact with the chest wall in supine position
may come against the chest wall when the patient is turned
to a slightly prone left or right lateral decubitus position. A
sitting position is ideal to localize very small pleural effu-
sion, as most of the fluid is then collected in the costodi-
aphragmatic recess. The probe may need to be held close to
the surface of the bed to locate pleural fluid in a supine
patient in the ICU. Masses or lymph nodes in supraclavicu-
lar or the anterior mediastinum may be best visualized by
turning the patient’s head to the extreme right or left or in
flexion or extension. Pleural space can be visualized better
from a posterior approach in a sitting patient with the hand
placed on the opposite shoulder or above the head.

Orientation of Transducers

The secret of the acquisition and interpretation of thoracic
ultrasound images lies in the ability of the examiner to corre-
late the obtained images virtually with the patient anatomy.
Although ultrasound provides a 2-dimensional image, by
sliding or tilting the transducer or by observing respiratory
movement, a 3-dimensional dynamic image may be recon-
structed in the mind. Being able to see the 3-dimensional
image of the pathological changes is a key factor in image
interpretation. Depending on the location of the target organ,
patient position, clinical complaints, chest radiograph or CT
images, the examiner tries to orient the transducer to the best
possible site. However, this requires experience.

Each transducer is marked with a probe indicator, signi-
fying the direction of examination that corresponds to a
marker on the display screen. Usually this marker is placed
on the left upper corner of the display screen; however, most
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current ultrasound units allow customization of the screen.
The probe indicator of the transducer is placed in the cepha-
lad direction during sagittal scanning of the chest. The
probe indicator should be placed as much cephalad as possi-
ble when scanning through the intercostal window along the
rib axis. During transverse scanning, the probe indicator is
directed toward the patient’s right side. Transducer place-
ment with operator and patient position to examine pleural
cavity and mediastinal window are described in fig. 2.

Intrathoracic structures may be visualized better by
holding the probe along the longitudinal or transverse axis
over the rib spaces. It may take several attempts to find the
best position and the correct angle to inspect a target struc-
ture. Anatomic landmarks are of assistance especially
before any invasive procedure. Pleural surface on the right
side is limited by the liver and the diaphragm, and on the
left by the spleen with the diaphragm. The demonstration
of kidneys on either side indicates structures below the
diaphragm. The sonomorphological image of an empyema
is very similar to a full stomach. Identification of these
organs will assure a safe procedure and prevent needle
puncture of liver, spleen or a full stomach.

Technical Skills

Good hand control is essential for successful scanning. By
holding the probe comfortably, visualization can be maxi-
mized with a gentle rotating and rocking movement of the
transducer. By sliding the transducer slowly over different
rib spaces, a better window for visualization may be found.
Using the thenar eminence to stabilize the hand against the
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Fig. 2. Transducer orientation during tho-
racic ultrasound examination. a Examination
of the posterior chest wall or pleural space in
a supine patient in lateral decubitus posi-
tion. Transducer placed longitudinally over
rib spaces with the probe indicator in a c

cephalad direction. b Transducer placed
transversely along rib spaces with the probe
indicator directed towards the right side of
the patient. ¢ Examination of the posterolat-
eral chest wall and pleural space in a sitting
patient, transducer placed longitudinally
with the probe indicator in the cephalad
direction. d Transducer placed transversely
with the probe indicator directed towards
the right side of the patient. e Examination
of the heart through the xiphisternal
approach. Probe indicator directed towards e

the right side. f Transhepatic approach to
visualize pleura, diaphragm or liver in a
supine patient. g Examination of the medi-
astinum in a patient in left lateral decubitus
position with the patient slightly pronated,
so that the mediastinal structures are closer
to the anterior chest wall. h Examination of
the lateral chest wall, pleura in left lateral g

decubitus position.

chest wall during examination will prevent any uninten-
tional sliding of the probe.

Examiner Position

In addition to appropriate positioning of patients and the
transducers, the examiner needs to be flexible to complete
an examination or ultrasound-guided procedure comfort-
ably. A second monitor placed across the patient may be
helpful in prolonged examination. An assistant available
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during interventional procedures to adjust the settings or to
store images will assure a complete sterile technique. Some
ultrasound units now have a foot paddle to allow image
acquisition without compromising sterility.

Doppler Use in Thoracic Ultrasound
Doppler function has limited utility in the pleural examina-

tion but can be useful to detect vascularity of a chest wall,
pleural or subpleural parenchymal mass. It can be useful
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Fig. 3. Laptop-sized portable ultrasound (GE LOGIQ Book XP
Enhanced; GE Healthcare, Wauwatosa, Wisc., USA).

during vascular access, especially in hypotensive critically
ill patients. Color flow Doppler needs to be used cautiously
as it produces artifacts with respiratory movement and
experience is needed to interpret it.

Normal Ultrasound Anatomy of the Chest

Normal chest wall consists of echogenic soft tissue layers
representing layers of muscle and fascia. Ribs appear as
smooth echogenic line below the soft tissue. Visceral and
parietal pleura can be identified as two echogenic lines
below the ribs with a 7.5- to 10-MHz high-resolution linear
array probe. With real-time imaging, the sliding of the two
pleural surfaces known as the ‘gliding sign’ can be seen. At
the pleura-lung interface, air-filled lung prevents parenchy-
mal examination.

Thoracic Ultrasound Overview

Fig. 4. Portable laptop-sized unit mounted on a pedestal (M-Turbo,
SonoSite, Bothell, Wash., USA).

Clinical Applications of Ultrasound

Ultrasound technology ranging from bulky machines to
ultraportable pocket size equipments are now available (fig.
3-6). For critical care echocardiography or transthoracic
ultrasound examination, we prefer a laptop-size instrument
mounted on a cart with different probes (linear, curvilinear,
phased array) available. A brief description of the clinical
application in thoracic ultrasound follows. It is described in
detail in other chapters of this book.

Pleural Pathology

Pleural effusion appears as an anechoic layer between the pari-
etal and the visceral pleura. Movement of the atelectatic lung
with respiratory cycle may be noticed through the pleural
fluid. In supine position, pleural effusion is best witnessed
from the lateral chest wall posterior to the midaxillary line with
the probe pointed upwards. In the upright or sitting patient, it
can be located easily from the posterior or lateral chest wall.
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Transudates as a rule are anechoic, whereas exudates
may appear anechoic or hyperechoic. Diffusely echogenic
pleural effusion appearing as a ‘snowstorm’ usually repre-
sents empyema containing protein or tissue debris.
Echogenic septations or loculations confirm a complex
empyema and are much better identified with ultrasound
than with the CT. The differentiation between lung abscess
and empyema is sometimes difficult because a hypoechoic
center may be found in both [2]. Hydropneumothorax can
also be identified. A hemothorax may have hypoechoic or
echogenic regions, occasionally with dependent layering of
blood. Pleural thickening seen in fibrosis or empyema
appears as a hypoechoic broadening of the pleura.
Malignant effusions are usually anechoic but may become
septated with repeated thoracentesis. Malignant pleural
masses such as metastatic lesions or mesothelioma present
as nodular pleural thickening and may accompany a pleural
effusion.

Pneumothorax

Air localized within the pleural cavity collects in the nonde-
pendent part and is best identified in the supine position
with the probe held perpendicularly on the anterior chest
wall. The depth of the pneumothorax cannot be deter-
mined. A pneumothorax is usually diagnosed by the
absence of normal pleural gliding sign (movement of pari-
etal pleura on the visceral pleura) and comet tail appear-
ance, and the presence of exaggerated reverberation artifact
(an artifact produced by reflection of sound at the chest
wall-air interface). M-mode is of additional help. Operator
experience is crucial to analyze these artifacts.

Pneumonia

Consolidated lung in contact with chest wall or contained
in pleural effusion may appear as echogenic. Similar find-
ings may be seen with pulmonary hemorrhage, bron-
choalveolar carcinoma or a lung infarct. Branching
hyperechoic structures representing air bronchogram may
be seen. Atelectatic lung is usually echogenic without any
air bronchogram.

Primary or Metastatic Lung Cancer

Peripheral lung masses close to the pleura appear hypoe-
choic; however, it may become echogenic with bleeding.
Diaphragmatic involvement can be detected through liver
with an abdominal approach or with a transthoracic
approach when pleural effusion is present.
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Fig. 5. A comprehensive full-size ultrasound system (SONOLINE
Antares, Siemens Medical Systems, Issaquah, Wash., USA).

Chest Wall

Soft tissue invasion of the chest wall by a primary lung can-
cer or chest wall tumor is easily detected. Ultrasound pro-
vides a better image of the Pancoast tumor than CT [2].
Only MRI offers a good image of this complex anatomical
location. Comparison of findings with the healthy normal
side may be a clue to diagnosis. Bony invasion of tumors
like plasmocytoma appear as hypoechoic lesions. The frac-
ture of ribs or clavicle can be identified.

Lymph Nodes
Supraclavicular, cervical and axillary lymph nodes can be
examined better with ultrasound. Reactive or malignant
lymph nodes can be differentiated based on the consistency
or vascularity.
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Intrathoracic Tumor Extension

Malignant invasion of the aorta or pericardium from lung
can be detected better with transesophageal echocardio-
gram compared to CT or MRI with up to 90% accuracy |3,
4].

Pulmonary Embolism
Pulmonary embolism can be diagnosed with ultrasound. It
is described in detail in chapter 5, see pp. 43-50.

Cardiac Function

A focused cardiac examination can be done effectively by
intensivists with the phased array probe to document peri-
cardial tamponade, ventricular function, ejection fraction
or contractility in critically ill patients. This is discussed in
chapter 7, see pp. 60-68.

Functional Tests

Diaphragm Function (Sniff Test)

Diaphragm paralysis or paresis can be diagnosed effectively
with ultrasound. Pleural fluid-diaphragm interface makes
the diaphragm hyperechoic. Without pleural effusion the
diaphragm can be visualized only partially. However, by
placing the probe in the subcostal location, the movement of
both domes of the diaphragm may be compared to deter-
mine unilateral weakness. Bilateral weakness may be diffi-
cult to interpret. Ascites, when present, will push the
diaphragm into the thoracic cage whereas in COPD, the
diaphragm is flattened. With rupture of the diaphragm intra-
abdominal organs may be seen within the thoracic cage.

Thoracic Tumor Localization

The gliding sign identifies structures at the interface of the
parietal and visceral pleurae. A subpleural mass or lung
mass will move with respiration against the parietal pleura;
while pleural sliding seen deeper to a tumor or mass will
confirm its location within the chest wall. Absence of any
movement at a particular location will provide evidence
that both lung and chest wall are involved.

Ultrasound-Guided Interventional Procedures
Vascular Access
Ultrasound-guided bedside central venous catheter place-

ment is safer [5]. It is now a standard of care in most ICUs.
A quick survey prior to placement may reveal a thrombo-

Thoracic Ultrasound Overview

Fig. 6. The first smallest pocket-size ultrasound ACUSON P10 mea-
suring 2.2 inches X 3.8 inches X 5.7 inches and weighing 1.6 Ib (©
2008 Siemens Medical Solutions USA, all rights reserved; product
photo provided courtesy of Siemens Medical Solutions USA).

sis of the central vein and help guide with the appropriate
location. Use of ultrasound reduces failure rate and com-
plications [6]. This is crucial in coagulopathic patients
where successful cannulation can be obtained in a single
attempt. Peripherally inserted central catheters (PICC) are
nowadays placed in most hospitals in the US with ultra-
sound guidance.

Pleural Access

Ultrasound is an invaluable tool during thoracentesis to
localize the deepest collection of pleural fluid. Although not
completely eliminated, the incidence of pneumothorax is
minimal with ultrasound-guided thoracentesis [7]. In very
small pleural effusions sometimes the effusion is only visi-
ble when the patient is in sitting position. It can be used to
guide chest tube in the pleural effusion and thereby prevent
any subcutaneous placement, especially in obese patients. A
chest tube cannot be guided in pneumothorax, as it will not
be visible in the air within the pleural cavity.

We routinely use ultrasound prior to medical thora-
coscopy or indwelling pleural catheter placement to locate
the ideal site and to determine septations or loculations.
The catheter is usually placed in the area of the largest
collection.

Details on ultrasound use during thoracentesis and tho-
racoscopy are described in chapters 21 and 24, see pp.
182-188, 208-214.
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Endoscopic and Endobronchial Ultrasound

Endobronchial ultrasound has proved to be a very effective
tool to sample mediastinal lymph nodes. Combined endo-
scopic ultrasound and endobronchial ultrasound makes it
possible to avoid mediastinoscopy completely. Details are
described later.

Pericardiocentesis

Malignant pericardial effusion or traumatic effusion caus-
ing a tamponade can be drained safely with ultrasound
guidance. An easier access under real-time ultrasound
guidance is the parasternal approach rather than the tradi-
tional xiphosternal approach.

Paracentesis

A therapeutic or diagnostic paracentesis can be done safely
in the ICU. A sector or curvilinear 3.5- or 5-MHz probe can
be used to localize maximum fluid collection. A 7.5-MHz
probe can then be used to localize vascular (inferior epigas-
tric vein about 4-6 cm lateral to the midline) structures in
the abdominal wall. The best area for paracentesis is about 2
cm below the umbilicus in the white line or 5 cm superome-
dial to the anterior superior iliac spine [8].

Percutaneous Tracheotomy

Because trachea contains air, only the anterior tracheal wall
can be visualized with the transcervical approach. In obese
patients or patients with difficult anatomy, laryngeal,
cricoid and other tracheal cartilages can be identified with
additional information on the depth of the trachea from the
skin and the thickness of pretracheal fascia or tracheal devi-
ation. An ultrasound examination is helpful to determine
the size of the thyroid gland and the location of the isthmus.
With Doppler flow imaging, nearby vascular structures can
also be identified [9].

Ultrasound-Guided Biopsy

Subpleural peripheral lung, pleural-based or chest wall masses
can be safely biopsied with ultrasound guidance. In Germany
and some centers in the United States [10], pulmonologists
perform needle aspiration or core biopsies. This technique
largely depends on obtaining an image through an adequate
acoustic window. A lung abscess reaching the chest wall may
be percutaneously drained with ultrasound guidance.
Mediastinal masses and lymph nodes in the anterior and
superior mediastinum can also be accessed [2]. The best way
to access these nodes is with the patient in the lateral decubi-
tus position with a suprasternal or parasternal approach.
Color flow Doppler may identify nearby vascular structures.
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Supraclavicular and Cervical Lymph Node Biopsy
Supraclavicular lymph nodes that are not palpable can be
detected easily by ultrasound and biopsied in real time. In
malignant conditions, cytological diagnosis can assist with
cancer staging [11]. Nonmalignant conditions such as sar-
coidosis can also be diagnosed. It is superior to CT [12] and
the sensitivity of detecting metastases is increased 3-fold
[12, 13]. Even bronchoscopy or other invasive procedures
may be avoided in about 15% of lung cancer patients if cer-
vical ultrasound and biopsy are included early in the diag-
nostic workup [12].

Training

Radiologists, cardiologists and sonographers go through an
intense training before they are credentialed to obtain or
interpret ultrasound images. The use of ultrasound by non-
radiologists is very focused and is usually limited to com-
mon examinations and procedures within their specialty.
Therefore, limited training in focused areas may be ade-
quate. Surgical residents are able to learn basic focused
assessment with sonography for trauma examination after 8
h of formal training [14]. In emergency medicine, a 1- to 3-
day training course is offered with follow-up mentoring
[15]. Videotaped cases are also valuable in developing inter-
pretation skills [16]. As with any other procedure, there is a
learning curve for acquiring the technical skills.

At present, there are no guidelines on thoracic ultra-
sound examination. In Germany, a documentation of 100
cases of ultrasound examination is required to become an
internist. Skills in focused thoracic ultrasound examination
may be easily learned but being able to differentiate normal
from abnormal structures and then to identify specific
abnormal findings requires additional experience. When in
question, available resources for comparison or referral for
formal radiology evaluation may be necessary.

A successful thoracic ultrasound training program for
nonsurgeons such as pulmonologists or medical and surgi-
cal intensivists should include a 1- to 2-day didactic session
on basic ultrasound, practice on phantom and live models
followed by supervised examinations where the images are
recorded and reviewed with the mentors. Proficiency can
be determined by a formal evaluation after about 5-15 cases
depending on the scope of the examination. Although a
required number of procedures is suggested by most
authorities before an individual can practice independently,
we are all aware that not everyone has the aptitude to learn
or practice accurately even after completion of the required

Islam - Tonn



numbers. A competency evaluation before credentialing is
useful rather than the acquisition of a preset number. One
must remember that it is a cumulative education and strict
numerical requirements for each procedure may limit its
use. The availability of dedicated and competent mentors
for follow-up and ongoing supervision and posttraining
evaluation is necessary as each examination is unique.

Most thoracic physicians or surgeons may use ultra-
sound as an adjunct to other imaging studies such as CT,
chest radiograph or MRI. Localization of pleural fluid and
ultrasound-guided thoracentesis is the easiest to learn sec-
ond to vascular access. As most pulmonologists are profi-
cient in thoracentesis, it may be considered as an
ultrasound-assisted rather than an ultrasound-guided pro-
cedure. Pulmonary fellows at one institution in the US are
credentialed to perform thoracentesis independently after
watching a DVD on the technique [17]. Once basic skills in
acquisition and interpretation of images of pleural effusion
are achieved, ultrasound-guided thoracentesis, chest tube
placement, peripheral lung mass or supraclavicular lymph
node examination and biopsies can be done safely with
some additional training.

Limitations
The examination may be limited in subcutaneous emphy-
sema, massive peripheral edema, morbid obesity or when
patients cannot be placed in an optimal position.
Insufficient operator skills can be avoided with adequate
training and proctored examinations. Familiarity with one
or two transducers and appropriate placement and selection
of the probe can minimize these limitations. A typical tho-
racic examination is possible with any simple ultrasound
unit. Color flow Doppler interpretation needs experience.
Frequently, diagnosis cannot be made by a single imaging
technique. Concomitant imaging of different organs of the
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Abstract
Thoracic ultrasonography can be performed by means of the most
basic ultrasound (US) equipment. In healthy individuals, US can visu-
alize the chest wall, the diaphragm and the pleura but not the lung
parenchyma. The main domain of thoracic US is the investigation of
chest wall abnormalities, pleural thickening and pleural tumours,
and the qualitative and quantitative description of pleural effusions.
US can visualize lung tumours, pulmonary consolidations and other
parenchymal pulmonary processes provided they abut the pleura.
US is the ideal tool to assist with thoracentesis and drainage of effu-
sions. US-assisted fine needle aspiration and cutting needle biopsy
of lesions arising from the chest wall, pleura and peripheral lung are
safe and have a high yield in the hands of chest physicians. US may
also guide aspiration and biopsy of diffuse pulmonary infiltrates,
consolidations and lung abscesses, provided the pleura is abutted.
Advanced applications of transthoracic US include the diagnosis of a
pneumothorax and pulmonary embolism.

Copyright © 2008 S. Karger AG, Basel

Ultrasonography of the thorax remains an underutilized
investigation. Although diagnostic sonography of the
abdomen has been around for more than 60 years, its tho-
racic counterpart has lagged behind for many decades. The
inability of ultrasound (US) to penetrate aerated tissue
diverted clinicians from appreciating its excellent ability to
visualize the chest wall, pleura and pathology of lung abut-
ting the pleura [1]. The major advantages of thoracic US
include its mobility, dynamic properties, low cost, lack of
radiation, and short examination time [1-6]. Thoracic US is
also increasingly being used to assist interventional proce-
dures. The main aim of this chapter is to demystify ultra-
sonography for the clinician by reviewing the basic

principles and recent advances from the perspective of the
non-radiologist.

General Technical Aspects

Adequate thoracic ultrasonography can be performed by
means of the most basic, entry-level, two-dimensional
black-and-white US equipment. A low frequency probe
(e.g. 3.5 MHz) with curvilinear shape for covering a large
area is suitable for initial screening of superficial and deeper
structures, while a high frequency probe (e.g. 8 MHz) with
alinear shape is used for refined assessment of an abnormal
chest wall or pleural area. Doppler and colour flow echo are
not required for routine thoracic examination.

Optimal patient position for scanning is an underappre-
ciated aspect. It is important to review a patient’s chest radi-
ograph and computed tomography (CT) scan prior to
performing a thoracic US examination. This will not only
identify the area of interest, but will also guide the position-
ing of the patient. The posterior chest is best scanned with
the patient in the sitting position using a bedside table as an
armrest (fig. 1), whereas the lateral and anterior chest wall
can be examined with the patient in either the lateral decu-
bitus or even supine position. Maximum visualization of
the lung and pleura is achieved by examining along the
intercostal spaces. Raising the arm above the patient’s head
increases the intercostal space distance and facilitates scan-
ning in erect or recumbent positions. A patient can fold the
arms across the chest in order to displace the scapulae when
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Fig. 1. Scanning position for thoracic US. The posterior chest is best
scanned with the patient in the sitting position using a bedside table
as an armrest. Note the way in which the probe is held. It is important
to ask the patient to fold his arms across his chest when surveying
the superior posterior chest. The lateral chest wall can be examined
with the patient in the lateral decubitus position with the arm raised,
and the anterior chest wall with the patient supine (not shown).

surveying the upper posterior thorax. Superior sulcus
pathology can be visualized apically with the patient in the
supine or sitting position.

Diagnostic Thoracic Ultrasonography

The Normal Thorax

A series of echogenic layers of muscles and fascia planes are
seen during the initial surveillance of a normal chest with the
low frequency probe (fig. 2a). Ribs appear as curvilinear stru-
ctures on transverse scans, associated with posterior acoustic
shadowing. When the ribs are scanned longitudinally, the
anterior cortex appears as a continuous echogenic line.

The visceral and parietal pleura are normally displayed
by a low-frequency probe as one highly echogenic line rep-
resenting the pleura and pleuropulmonary surface. With a
high-resolution linear probe, the visceral and parietal pleura
can be seen as two distinct echogenic lines, with the latter
seemingly thinner in appearance (online suppl. video 1).
The two layers can be seen to slide over each other during
in- and expiration. The respiratory movement of the lung
relative to the chest wall is visible with both probes and is
called the ‘lung sliding’ sign (online suppl. video 2). Its pres-
ence on real-time US is strong evidence against the presence
of a pneumothorax [7].

Transthoracic Ultrasound

The normal diaphragm is best seen through the lower
intercostal spaces or via the liver or the spleen. It is seen as
an echogenic 1- to 2-mm-thick line which contracts with
inspiration.

The ‘curtain sign’ describes the variable obscuring of
underlying structures by air-containing tissue. In normal
subjects, the curtain sign is seen in the costophrenic angle.
The upper abdominal organs are easily visible on expira-
tion, but during inspiration the normal air-filled lung is
moved downwards in front of the probe and temporarily
obscures the sonographic window.

The parenchyma of normal aerated lungs is invisible by
means of US. The large change in acoustic impedance at the
pleura-lung interface causes horizontal artefacts that are
seen as a series of echogenic parallel lines equidistant from
one another below the pleura. These bright but formless
lines are known as reverberation artefacts and diminish in
intensity with increasing distance from the pleura. Vertical
‘comet-tail” artefacts, caused by fluid-filled subpleural inter-
lobular septa, can also be seen originating at the pleura-
lung interface (fig. 2b).

Chest Wall Pathology

Soft-Tissue Masses and Lymph Nodes

Soft-tissue masses arising from the chest wall can readily be
detected by high-frequency US. These include abscesses,
lipomas and a plethora of other (mostly benign) lesions.
Masses generally have variable echogenicity and US find-
ings are too non-specific to differentiate between various
aetiologies [1, 4].

Supraclavicular and axillary lymph nodes are accessible
by means of US, and US may even aid in distinguishing
reactive from malignant lymph nodes [4]. An echogenic
fatty hilum and oval or triangular shapes are indicative of
inflammatory lymph nodes, whereas lymph nodes with
malignant infiltration usually show loss of the fatty hilum
leading to a hypoechoic appearance [4, 8]. Malignant nodes
also appear bulky, and extracapsular spread is suggested by
irregular borders [9].

Skeletal Pathology

Sonography may sometimes detect bony metastases to the
ribs, which appear as hypoechoic masses replacing the
normal echogenicity of a rib and leading to the disruption of
the cortical line [9]. US is also reported to be more sensitive
than radiography in the detection of rib fracture [10], which
appears as a breach or displacement of the cortex of the rib
with or without a localized swelling or haematoma.
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Fig. 2. a The typical appearance of a normal
chest on US (transverse image through the
intercostal space with high frequency probe).
The chest wall is visualized as multiple layers
of echogenicity representing muscles and fas-
cia. The visceral and parietal pleura appear as
echogenic bright lines that slide during respi-
ration. Reverberation artefacts beneath the
pleural lines imply an underlying air-filled
lung. S = Skin; CW = chest wall; P = pleura;
Pp = parietal pleura; Pv = visceral pleura;
L =lung; R = reverberation artefact. b An
example of a comet-tail artefact observed in
an otherwise normal subject. C = Comet-tail
artefact.

Diaphragmatic Abnormalities

Diaphragmatic movements are best assessed through solid
upper abdominal viscera, i.e. the liver or the spleen [1]. A
degree of asymmetry in the movement of the hemidi-
aphragms is considered normal [4]. Sonographic examina-
tion of a paralyzed diaphragm will yield paradoxical
movement of the diaphragm with respiration [11]. This can
be accentuated with forced inspiration (‘sniff” test). Long-
term paralysis causes muscle atrophy [11].

Pleural Pathology

Pleural Effusions

The value of sonography for the detection and quantifica-
tion of pleural effusions remains uncontested. US is partic-
ularly useful in assessing the nature of localized or diffuse
pleural opacities, and is more sensitive than decubitus expi-
ratory films in identifying minimal or loculated effusions
[12]. Sonographically, a pleural effusion appears as an ane-
choic, homogeneous space between parietal and visceral
pleura (fig. 3). This space may change in shape with respira-
tion, and the atelectatic lung inside a large effusion may
appear as a tongue-like structure within the effusion. In
inflammatory effusions, adhesions between the two pleural
surfaces may result in the absence of lung motion above the
effusion. If an abnormal elevation of a hemidiaphragm is
noted on a chest radiograph, subpulmonary effusion can be
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Fig. 3. A pleural effusion is presented as an echo-free space between
the visceral and parietal pleura. Compressive atelectasis of the lung is
seen on this high-frequency US. This is an example of an anechoic eff-
usion. CW = Chest wall; PE = pleural effusion; L = lung; D = diaphragm.

differentiated from a subphrenic fluid collection and
diaphragm paralysis [13].

The US appearance of a pleural effusion depends on its
nature, cause and chronicity. Four appearances are recognized

Koegelenberg - Diacon - Bolliger
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Fig. 4. More examples of pleural effusions. a A low-frequency US of a complex non-septated effusion showing movable echogenic shadows
(E) within the effusion. b A low-frequency US of a complex septated effusion with thick septa (S) and loculations (L) (also see online suppl.
video 3).

based on the internal echogenicity: anechoic (fig. 3), complex
but non-septated (fig. 4a), complex and septated (fig. 4b), and
homogenously echogenic. Transudates are invariably anechoic,
unseptated, and free flowing, whereas complex, septated or
echogenic effusions are usually exudates [14, 15]. Malignant
effusions are often anechoic. Nodular pleural thickening is
apparent in the minority of malignant effusions, and echogenic
swirling patterns have been linked to these effusions [16].
Inflammatory effusions are often associated with strands of
echogenic material and septations (online suppl. video 3) which
show more or less mobility with respiration and the cardiac
cycle. The presence of septa has several implications. Chen et al.
[17] demonstrated that patients with septated effusions needed
longer chest tube drainage, longer hospital care, and were more
likely to require fibrinolytic therapy or surgery compared with
those with unseptated effusions. Tu et al. [18] confirmed some
of these findings in medical intensive care unit patients.

Several studies have shown reasonable correlation bet-
ween the volume of an effusion estimated with planimetric
measurements and its square dimensions [19-21]. Such geo-
metric calculations are hampered by the uneven distribution
of fluid in the presence of pleuropulmonary adhesions.
Although not prospectively tested, we suggest the following
practical way to classify the volume of an effusion: minimal,
if the echo-free space is confined to the costophrenic angle;
small, if the space is greater than the costophrenic angle but
still within the range of the area covered with a 3.5-MHz
curvilinear probe; moderate, if the space is greater than a

Transthoracic Ultrasound

one-probe range but within a two-probe range, and large, if
the space is bigger than a two-probe range [1].
Distinguishing small effusions from pleural thickening can
be challenging. Both may appear as hypoechoic on US.
Furthermore, empyema may also cause a strongly echogenic
effusion that may be mistaken for a solid pleural lesion.
Mobility is an important sign for effusion. Marks et al. [22]
found that if a lesion changed shape with respiratory excur-
sion and if it contained movable strands or echo densities, the
lesion was an effusion. If a colour Doppler is available, the
fluid colour sign is the most sensitive and specific ultrasono-
graphic evidence of a small effusion. The sign refers to the
presence of a colour signal within the fluid collection that is
believed to arise from transmitted motion during respiratory
or cardiac cycles. This sign has a sensitivity of 89.2% and
specificity of 100% in detecting minimal fluid collections [23].

Pleural Thickening

Pleural thickening can be defined as a focal lesion arising
from the visceral or parietal pleura that is greater than 3 mm
in width with or without an irregular margin (fig. 5). It
appears as broadening of the pleura and does not exhibit a
fluid colour sign or display movement relative to the chest
wall (online suppl. video 4). Pleural thickening most often
appears hypoechoic, but increased echogenicity with focal
shadowing is sometimes observed and is indicative of calcifi-
cation and chronicity.
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Fig. 5. Pleural thickening (PT). Note the hypoechoic appearance
with distal enhancement (suggestive of chronicity). This patient was
previously treated for tuberculous pleuritis (also see online suppl.
video 4).

Pneumothorax and Hydropneumothorax
The detection of a pneumothorax requires a higher level of
skill and experience than the detection of pleural fluid. A
pneumothorax (online suppl. video 5) can be diagnosed by
means of the absence of normal lung sliding, exaggerated
horizontal reverberation artefacts and the loss of comet-tail
artefacts, provided that no diaphragmatic paralysis, prior
pleurodesis, pleural adhesions or adult respiratory distress
syndrome are present [24-27]. Ultrasonography is particu-
larly useful in intensive care units and in other situations
where radiographic equipment is unavailable. Herth et al.
[26] showed that a pneumothorax following transbronchial
biopsy can be reliably excluded with US (sensitivity 100%;
specificity 83%). Soldati et al. [27] very recently found US
to be superior to chest radiographs in diagnosing pneu-
mothoraces in patients following blunt chest trauma. In
their prospective study they were able to show that a rapid
US performed by an experienced operator had a sensitivity
of 92% (spiral CT was used as the gold standard). Only 52%
of pneumothoraces in their study population were visible
on routine chest radiographs.

Hydropneumothorax can also be identified with US by
means of the visualization of air-fluid boundary [28], which
can move with respiration. The sliding sign above the air-
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Fig. 6. Two examples of the sonographic appearance of pleural
tumours, one with a large pleural effusion (a) and one without (b). Note
the posterior echo enhancement (E). PE = Pleural effusion; T = pleural
tumour; Pp = parietal pleura; L = lung [from 2, with permission].

fluid level will be absent. The ‘curtain sign’ describes rever-
beration artefacts originating from the air within the pleura
that obscures the underlying effusion during inspiration,
allowing a confident diagnosis to be made.

Pleural Tumours

Benign pleural tumours are rare and appear on US as well-
defined rounded masses of variable echogenicity (depend-
ing on their fat content) on either the parietal or visceral
pleura. Both metastatic pleural tumours and malignant
mesothelioma give rise to polypoid pleural nodules or
irregular sheet-like pleural thickening [29], often with large
pleural effusions (fig. 6).

Pulmonary Pathology

Neoplasms

A peripheral lung tumour will be detectable by US provided
that pleural contact is present. These tumours most often
appear hypoechoic with posterior acoustic enhancement
[3] (fig. 7). Associated pulmonary collapse may cause fluid
bronchograms. Visceral pleura or chest wall invasion has
important implications for lung tumour staging (T2 or T3
staging, respectively). Although computer tomography is
routinely used for determining the extent of invasion, high-
resolution real-time US scanning has been found to be

Koegelenberg - Diacon - Bolliger
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Fig. 7. A peripheral lung lesion is shown schematically without (top)
and with (bottom) pleural contact. The corresponding sonar images
recorded with a sector scanner are shown on the right. Only the
lesion with pleural contact is visible on US. Note that the acoustic
window is too narrow to demonstrate the whole circumference of
the lesion, but it allows determining its full depth [from 3, with per-
mission].

superior to routine chest CT in evaluating tumour invasion
of the pleura and chest wall [30, 31]. When a tumour
abutted to the chest wall is visualized with US, all layers of
the chest wall, i.e. muscle, fascia, parietal pleura and visceral
pleura, can be examined and the extent of tumour invasion
can be accurately determined (fig. 8). Loss of movement of
a visualized tumour with respiration suggests extension
beyond the parietal pleura.

Colour Doppler US may aid in distinguishing malignant
from benign pulmonary masses [32-34]. Almost two thirds
of peripheral malignant masses will demonstrate a colour
Doppler signal (low-impedance flow) due to neovascular-
ity. A constant flow pattern correlates with malignancy,
whereas a pulsatile or triphasic flow pattern is often
observed in either malignant or benign masses [31]. At least
one study has found that residual peripheral metastases
showed diminished vascularity at colour Doppler imaging
following chemotherapy [35].

Pneumonia and Lung Abscess

Apart from solid tumours, numerous pathological
processes can replace the air within lung tissue and

Transthoracic Ultrasound

thereby become detectable with US, provided that the
pleural contact is present. Pleural-based pneumonic con-
solidation is detectable by means of US, although the
extent of disease appears smaller at US than on chest radi-
ographs. In the early phase of consolidation, the lung
appears diffusely echogenic, similar to the ultrasono-
graphic texture of the liver. Air and fluid bronchograms
appear as echogenic branches that vary with respiration.
Fluid bronchograms appear as anechoic tubular struc-
tures, representing fluid-filled airways, and are typically
seen in bronchial obstruction [9]. Fluid bronchograms
should alert the clinician to the possibility of a postob-
structive pneumonitis, secondary to a proximal tumour.
US may also aid in distinguishing a central obstructive
tumour (usually hypoechoic) from distal consolidation
(more echogenic) [36]. Sonographically observed consoli-
dation is not synonymous with infective pneumonia.
Pulmonary infarction, haemorrhage and bronchoalveolar
carcinoma are examples of noninfective causes of consoli-
dations that are similar in appearance on US. US may
guide transthoracic needle aspirations or biopsies of
peripheral pulmonary infiltrates in cases with diagnostic
uncertainty regarding the aetiology [37, 38].

A lung abscess abutting the pleura appears as a hypoe-
choic lesion with a well-defined or irregular wall (fig. 9)
[38]. The centre of the abscess is most often anechoic, but
may reveal septations and internal echoes. Abscesses con-
taining air fluid levels are more inhomogeneous.

Pulmonary Oedema and other Alveolar-Interstitial
Syndromes

In the setting of patients with acute dyspnoea it has been
reported that the presence of bilateral, widespread comet-
tail artefacts (fig. 10) is a reliable sign to differentiate
patients with pulmonary oedema from those with chronic
obstructive airway disease [39]. Lichtenstein et al. [40]
reported that comet-tail artefacts were absent in 92% of
patients with chronic obstructive airway disease, but
detectable in 93% of patients with alveolar-interstitial
syndromes.

Pulmonary Embolism

US can aid in the acute bedside assessment of patients pre-
senting with possible pulmonary embolism [41].
Pulmonary infarction is recognized as a peripheral wedge-
shaped hypoechoic region, often accompanied by a
pleural effusion [42-44]. A central hyperechoic bronchi-
ole and a congested pulmonary vessel can sometimes be
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Fig. 8. a An US image showing a lung tumour with posterior echo enhancement. Note that both the visceral as well as the parietal pleural
lines are intact. b This US shows tumour extension beyond the pleura. The visceral pleural line is interrupted, and the respiratory movement of
the tumour is disturbed in real-time US. Invasion of the pleural cavity by the tumour is evident. L = Lung; T = tumour; Pv = visceral pleura;

Pp = parietal pleura [from 2, with permission].

Fig. 9. A peripheral lung abscess. Note the hypoechoic centre and
irregular wall. A = Abscess cavity; L = lung.

observed [4]. The extent of pulmonary infarction is
invariably underappreciated at US, as is the case for pneu-
monic consolidation. US is also useful in detecting the
sequelae of thromboembolic disease such as right ventric-
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Fig. 10. A high-frequency US of a patient with pulmonary oedema
showing widespread pronounced comet-tail artefacts (a reliable
signs of interstitial pulmonary oedema). C = Comet-tail artefacts;
E = pleural effusion.

ular overload and dilated hepatic veins. In experienced
hands, thoracic US has a sensitivity of 77-89% and speci-
ficity of 66-83% for pulmonary embolism [42-44].
However, sonographic detection of pulmonary emboli is
currently still reserved for physicians with an interest in
US, as pulmonary spiral CT angiography remains the
investigation of choice.
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Fig. 11. This patient presented with a sus-
pected hydatid cyst. Her CT chest showed
cystic mass (pleural based) (a), and a FNA
was safely performed with the assistance of
low-frequency US (b). C = Cyst.

st 100MEC

Other Pulmonary Pathology

Pleural-based cysts (e.g. echinococcus cysts) can be visual-
ized as large anechoic (round) lesions (fig. 11). Pulmonary
arteriovenous malformations may also be seen at US as these
congenital abnormalities are often peripheral. Arteriovenous
malformations appear as distinct hypoechoic lesions with
posterior acoustic enhancement [45]. Lesions show high vas-
cularity on Doppler with low-impedance flow.

Rounded atelectasis may give rise to a pleural-based
mass with associated pleural thickening and extrapleural
fat. The invaginated pleura may be seen as an echogenic line
running from the pleura into the mass [46].

US-Guided Interventions

Principles

US is ideal for guiding chest wall, pleural and peripheral
pulmonary interventions, including diagnostic thoracente-
sis, closed tube drainage, chest wall and pleural biopsies and
biopsies of lung tumours abutting or invading the pleura.
The use of US increases the success rate and minimises risk
compared to blind procedures [1].

Specific reusable probes for real-time US guidance of
needle biopsies are commercially available. Many experi-
enced physicians, however, prefer the so-called ‘frechand’
technique. Following adequate patient positioning, the
intended site of needle insertion is sonographically identi-
fied and marked, while the direction, the depth of interest
and the safety range for the procedure are determined and
memorized [1] (online suppl. video 6). It is essential that
the subject must not change position in order to prevent a
shift of the area of interest relative to the skin mark. It is
occasionally even necessary to ask the patient to hold his
breath for the duration of the aspiration. The practice of

Transthoracic Ultrasound

identifying a puncture site at a radiology department prior
to transporting a patient elsewhere for thoracentesis should
be discouraged, particularly in the case of small effusions,
as both the fluid collection and the skin mark might shift
considerably with minor changes in body position.

Chest Wall Biopsy

Soft-tissue masses of indeterminate aetiology may be sam-
pled by means of US-assisted fine needle aspirations (FNA)
or biopsies [4]. US-guided procedures may also be used to
detect chest wall invasion by pulmonary tumours. High-
resolution US is superior to routine chest CT in evaluating
tumour invasion of the pleura and chest wall [30, 31], and
Nakano et al. [47] have even suggested US-assisted cutting
needle biopsy (CNB) of the chest wall for the preoperative
assessment of chest wall invasion by pulmonary neoplasms
(specificity: 100%, diagnostic accuracy: 83%).

Pleural Fluid Aspiration

US is superior to chest radiographs for the documentation
of the optimal site for diagnostic thoracentesis [48]. The
most accessible area of fluid accumulation can be identified,
and an aspiration can easily be performed by means of the
‘freehand’ technique (online suppl. video 7). The success rate
of US-guided thoracentesis can be as high as 97% [49]. US-
guided thoracocentesis improves the diagnostic yield and
decreases the risk of complications in all patients, but is
particularly helpful when a safe procedure is mandatory,
e.g. in patients with bleeding diathesis.

Intercostal Tube Drainage
Ultrasonography is ideal for identifying the optimal site for
safe and effective pleural drainage (fig. 12). This is particu-
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Fig. 12. A low-frequency US was used to guide a diagnostic aspiration and the insertion of an intercostal drain in this
patient with empyema. a His chest radiograph was suggestive of a large loculated right-sided effusion. b US con-
firmed this, but also revealed a raised right hemidiaphragm. An optimal site for the aspiration and drain insertion was
subsequently identified. E = Effusion; D = diaphragm; L = liver.

larly relevant in patients in an ICU setting and with locu-
lated parapneumonic effusions, where thickened parietal
pleura, adhesions or loculations often complicate insertion.
Depending on operator experience, US may also guide fur-
ther decisions regarding the need for subsequent intraple-
ural fibrinolytics, thoracoscopy or for surgical intervention
in addition to tube drainage and antibiotics [50].

US-guided drains are most frequently inserted by means
of the freehand’ technique. As an alternative, effusions may
also be accessed by means of an 18- or 16-gauge needle
under direct (real-time) US visualization. This allows direct
fluid aspiration followed by an insertion of a guide wire,
which is used to guide dilatation of a tract and deployment
of a small-bore catheter (8-14 french). These tubes are bet-
ter tolerated than large bore (20-24 french) intercostal
drains [51], although common sense suggests that smaller
bore drains are more likely to fail in the presence of pus
with a high viscosity. Some prospective studies have found
that 8- to 12-french pigtail catheters or 10- to 14-french
catheters inserted with the Seldinger technique under US or
CT guidance were at least as effective as larger catheters
inserted without imaging [51-53]. However, the position-
ing of the catheter tips with guidance is likely to be superior
compared to a blind insertion, irrespective of drain size.
Most of these studies also employed a strict rinsing sched-
ule (often several times a day), which might be difficult to
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sustain in everyday clinical practice. Moreover, a recent
study found a failure rate of 19% with small-bore catheters
and concluded that the threshold for using fibrinolytics and
large-bore catheters should be low in empyema [54].

Closed Pleural Biopsies

US is an extremely helpful guide for biopsies of the pleura.
Focal pleural abnormalities can be identified with US, and
biopsy can be aimed at areas of interest. Measuring the size
of an associated effusion decreases the risk of visceral lacer-
ations, which is particularly relevant in cases with small
pleural effusion [1].

Closed pleural biopsies (e.g. with the Abrams needle)
could conventionally only be performed in the presence of a
sizeable pleural effusion or pneumothorax visible on chest
radiography. Ultrasonography, however, can demonstrate
small fluid collections and facilitate the use of devices that
were not primarily designed for pleural biopsies in the
absence of an effusion. Numerous studies have shown that
US-assisted Tru-Cut needle biopsies have higher sensitivity
and specificity in the diagnosis of pleural malignancy than
unaided Abrams needle biopsies [55-59]. Chang et al. [55]
found a sensitivity of up to 86% for pleural malignancies or
tuberculosis, whereas Helio et al. [56] showed that US-
assisted biopsies had a sensitivity of 77% and a positive pre-
dictive value of 100% for malignant mesothelioma. Diacon

Koegelenberg - Diacon - Bolliger



Wideo

Fig. 13. An example of a case suitable for
US-guided fine-needle aspiration and/or
biopsy. a The chest radiograph showed a
lesion in the peripheral right mid lung field.
b The corresponding sonar image shows
that good transthoracic access to the
tumour is provided. An US-guided FNA and
biopsy confirmed small cell lung cancer
[from 3, with permission].

et al. [59] found that US-assisted biopsies had a sensitivity
and specificity of 100% for mesothelioma provided the
tumours were greater than 3 cm in diameter.

Transthoracic FNA and Needle Biopsies of Solid Tumours
Transthoracic FNA (TTFNA) and needle biopsies of solid
tumours by means of US-assisted FNA or cutting biopsy
performed under local anaesthesia and by non-radiologists
are safe procedures and have high diagnostic yields [59].
Peripheral lung tumours that either abut or invade the
pleura or chest wall and anterior mediastinal masses are
ideally suited for these procedures (fig. 13). No aerated lung
needs to be transversed with the biopsy device, and the risk
of pneumothorax is therefore low. Furthermore, US-
assisted biopsies can be readily performed outside a theatre,
which offers advantages in immobile patients with
advanced disease. TTFNA are performed under local
anaesthesia, preferably with a 22-gauge injection-type or
spinal needle (online suppl. video 8). CNB follow the same
principles as TTFNA, but such devices are more invasive
and carry the risk of vascular trauma if the anatomical loca-
tions of subclavian, brachial, intercostal and mammarian
arteries are not respected.

A prospective study by Diacon et al. [59] found that
TTFNA and closed needle biopsies performed by pulmo-
nologists corresponded well in the diagnosis of epithelial
lung carcinoma and in the distinction of small cell and non-
small cell bronchogenic carcinoma. They were able to show
that US-guided ‘free-hand’ CNB of lung tumours abutting
the chest wall had a diagnostic sensitivity of 85.5%. The
same investigators also found that US-assisted TTFNA with
rapid on-site evaluation by a cytopathologist of tumours
abutting the chest wall were diagnostic in 82% [60].

Transthoracic Ultrasound

Subanalyses of their data proved that US-guided TTFNA,
compared to CNB, had a superior yield for bronchial carci-
noma whereas CNB was superior in the minority of cases
with non-carcinomatous tumours and non-malignant
lesions [60]. CNB should therefore be performed in all
cases where cytology is non-contributory and in cases
where a diagnosis other than lung cancer is suspected. Both
US-guided CNB and FNA had a low complication rate, with
pneumothoraces observed in 4 and 1.3%, respectively [60].

US is not only used to assist transthoracic procedures,
but also to exclude a pneumothorax post-TTFNA or biopsy.
If the lesion remains visible and unchanged in location,
shape and size, it implies that no free air is present between
the sampled lesion and the visceral pleura, and that a clini-
cally relevant pneumothorax is unlikely [1, 3].

TTFNA and/or Needle Biopsies of Diffuse Parenchymal
Infiltrates, Consolidations and Lung Abscesses

The indications for US-assisted TTFNA and biopsies are
not limited to solid tumours but can be helpful in other
aetiologies of lung consolidation. Yang et al. [37] reported a
diagnostic yield of as high as 93% with US-assisted biopsies
of pulmonary consolidation of unknown aetiology. This
procedure is particularly useful in the immunocompro-
mised patient, given the extensive differential diagnosis.
The same author was able to sonographically demonstrate
abscess cavities in 94% of 35 patients with radiologically
confirmed lung abscesses [61]. At US, lung abscesses were
depicted as hypoechoic lesions with irregular outer margins
and an abscess cavity that was manifested as a hyperechoic
ring. More than 90% of all aspirates of these abscesses
yielded pathogens, whereas less than 10% of patients had
positive blood cultures.
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Conclusion

The value of US for chest physicians is firmly established.
Basic thoracic ultrasonography is an elegant and inexpensive

ting the pleura. Academic institutions should strive to have a
basic training program in thoracic ultrasonography in place

investigation that extends the physicians’ diagnostic and
interventional potential at the bedside in peripheral lung,
pleural, and chest wall disease. It has the potential to replace
CT-guided FNA or biopsies of all lesions involving the pleura
and chest wall as well as lung masses or consolidations abut-
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Abstract

Ultrasound is a highly valuable method for investigating organs and
lesions of the head and neck region. Several diseases have a typical
sonographic appearance, such as cysts, neurogenic tumors, or heman-
giomas. However, the most common indication for sonography of this
region is staging of cancer, supplemented by guided biopsy of suspi-
cious lesions. In pneumology, ultrasound may be used in the assess-
ment of lymph nodes for evaluation of sarcoidosis, tuberculosis and the
staging of lung cancer. Copyright © 2008 S. Karger AG, Basel

Indications for Neck Ultrasound and Sonographic
Technique

There are several indications for ultrasound of the neck:

o Local symptoms, such as pain, or local swelling or palpa-
ble tumors

« Dyspnea or signs of upper inflow congestion

o Abnormal thyroid or parathyroid function tests

o Staging and follow-up of lymphomas or solid tumors of
the head and neck, lung, breast, or skin

 Sonographic guidance of biopsies of solid lesions
Scanning of the neck should be performed with trans-

ducers with a frequency of at least 5MHz, preferably as

high as 13 MHz. Generally, linear transducers with a width

of 4 cm are used. However, in the parotid region or the floor

of the mouth, where the access window is limited, curved

array transducers or sector scanners may be helpful. Tissue

harmonic imaging improves the contrast and reduces arti-

facts. Color Doppler can visualize vascularization of soft

tissue lesions, may help differentiate thyroid gland diseases

and is employed for evaluation of vascular disease, e.g.

thrombosis or arteriosclerosis. The patient is placed in a

supine position with the head turned slightly to the con-
tralateral side. All parts of the posterior cervical triangle,
the supraclavicular fossae, the perivascular space, the thy-
roid and the great salivary glands should be evaluated at
least in two orthogonal sections [1, 2].

Lymph Nodes of the Neck

The strength of ultrasound is its potential to examine
shape, margins, internal structure and abnormal vascular-
ity of lymph nodes. Typically, they are oval with an outer
hypoechoic parenchyma and an inner hyperechoic hilum,
which represents a dense network of lymphatic cords and
sinuses. With increasing age, fatty replacement resulting in
node enlargement or degeneration is observed. Notably,
the relation between echo-poor rim and hyperechogenic
center depends on the region. Whereas in cervical lymph
nodes the echogenic center may be thin or even hardly vis-
ible, it occupies almost the entire lymph node in the axilla
or the groins. Vascularity is low and mainly perceived in
the hilum, depending on the sensitivity of the unit and
possible inflammatory changes (which are often asympto-
matic). If visible, vessels are almost always arranged in a
‘tree-like’ fashion, originating from the hilum. Normal cer-
vical lymph nodes are often detected in the submandibular,
parotid, upper cervical regions and the posterior triangle

(fig. 1) [21.

Cervical Lymphadenitis and Inflammatory Lymph Nodes
Cervical lymphadenitis is defined as enlarged, inflamed,
and tender lymph node(s) of the neck resulting from an
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Fig. 2. Reactive lymph node of a noncancer patient. Besides the ten-
der oval form the reduced echogenicity is striking, caused by hyper-
plastic follicles, thereby indicating benignancy.

infection in the head and neck region such as tonsillitis or
pharyngitis, for example. By ultrasound, multiple enlarged,
tender oval masses with reduced echogenicity and increased,
branching vascularity can be detected. Necrosis of a lymph
node shows a hypo- or anechoic center within a lymph
node [1, 3, 4]. When scanning conditions are good, high-
resolution ultrasound may disclose multiple, ill-defined or
confluent, hypoechogenic spots along the periphery of the
lymph node. These are neither necrosis nor signs of malig-
nant involvement but hyperplastic follicles and thereby
indicate that this node is rather benign (fig. 2).

Lymph Node Metastases

Most lymph node metastases are due to squamous cell carci-
nomas of the head and neck. Routine ultrasound evaluation

Neck Ultrasound
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Fig. 3. Lymph node metastasis of a squamous cell carcinoma with
inhomogeneous structure which is partially echo-rich.

of supraclavicular fossa may also be indicated for staging

patients with lung cancer, who may have metastases in this

region in advanced stages of their disease [5].

Typical features of cervical lymph node metastases are

[1,6,7]:

» Round shape

o Inhomogeneous structure (fig. 3)

 Anechoic areas representing necrosis (fig. 4)

o Loss of the echogenic hilum (which as an isolated find-
ing is unreliable, since the hilum may be only faint in
normal lymph nodes)

o Unsharp borders and the invasion of surrounding
structures
The roundness index (Solbiati index), which is the ratio of

the longitudinal to transverse diameter, may help differentiate
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Fig. 4. Metastasis of a chordoma of the craniocervical junction. The
metastasis shows an anechoic area representing necrosis.

between inflammatory to metastatic lymph nodes. An
index greater than 2 indicates inflammation in 84% while
an index less than 1.5 implies malignancy in 71% [8].
Besides the above-mentioned grayscale criteria for malig-
nant lymph nodes, also the use of color Doppler may help
identify metastatic lymph nodes. According to Tschammler
et al. [9] the following criteria might be used: a perfusion
defect (which is only reliable if it can be discriminated from
other, well-perfused parts of the same lymph node), sub-
capsular, peripheral vessels and vessel displacement as well
as aberrant vessels. A chaotic network of vessels in a lymph
node is suggestive of malignancy. Controversy exists
regarding vascular resistance parameters. Peripheral vascu-
lar indices such as the resistivity index and the pulsatility
index are based on flow velocities or Doppler frequency
shifts derived from the Doppler spectrum and are indepen-
dent of Doppler angle. Generally these indices are calcu-
lated using the maximum velocity/frequency envelope of
the Doppler spectrum. A high resistivity index (>0.8) and
pulsatility index (>1.5) were reported to be associated with
malignancy while lower values may be found in inflamma-
tory lymph nodes; however, several authors could not
reproduce this association. Notably, these results were
obtained in lymph nodes in which, according to their
appearance in B-mode (size, shape), there was little doubt
that they would be metastatic. Debate also exists on the role
of contrast agents for the identification of malignant lymph
nodes [2].

Lymphoma

In lymphoma, typically, several lymph nodes of one lymph
node group are involved, frequently as lymph node con-
glomerates. Sonographic examination may show a facet for-
mation because the lymph nodes abut each other. Their
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Fig. 5. A typical lymph node conglomerate of an aggressive lym-
phoma with several lymph nodes of low echogenicity. The sono-
graphic examination shows the facet formation with lymph nodes
abutting each other.

shape is round to spherical and they are mostly sharply
delineated. Echogenicity is low and posterior acoustic
enhancement may be found. Color Doppler reveals well-
structured hypervascularity which is similar to inflamma-
tory nodes [1, 2]. It may, therefore, be difficult to
discriminate between lymphoma and reactive lymph nodes,
but still ultrasound - at least of superficial lymph nodes - is
more valid than are CT or MRI (fig. 5).

Sarcoidosis and Tuberculosis

Sarcoidosis, a multisystem granulomatous disorder of
unknown origin, commonly affects the lung and intratho-
racic lymph nodes. If peripheral lymph node enlargement is
found, those of the head and neck region are regularly
involved. However, ultrasound cannot differentiate
between lymphoma and sarcoidosis. Further manifestations
of sarcoidosis in the head and neck region are granuloma-
tous inflammation of salivary and parotid glands. The
ultrasound features of sarcoidosis in the glands are nonspe-
cific. They may range from multiple hypoechoic foci to
diffuse hypoechoic glandular enlargement and glands
may be hypervascular on color Doppler flow studies (fig. 6)
1, 10, 11].

Sonographic features typical for lymph node tuberculo-
sis are multiple, enlarged, conglomerating roundish and
oval lymph nodes. They are hypoechoic, exhibit dorsal
sound amplification and have sharp margins. With
caseation, however, there may be blurred borders. As there
is a trend for fistulas, hypoechogenic tracts might be visible.
In the course of the disease, calcification can be found
within the lymph nodes [12].
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Fig. 6. Cervical lymph node of a patient with sarcoidosis with a
diameter of 3.5 X 1.6cm.

Salivary Glands

Sonography is an excellent tool for examining the superfi-
cial major salivary glands; only deep-seated parts of the
parotid gland are occasionally difficult to assess. The nor-
mal structure of the glands is echogenic and homogeneous.
Intraglandular ducts are hardly detectable.

Inflammatory diseases of the glands, such as sialoadeni-
tis, lead to enlargement, convex borders, and decreased
echogenicity. Ultrasound may help to identify abscesses or
obstruction, as well as intraductal concrements. An abscess
is typically hypoechogenic, and without perfusion in the
liquefied center and hyperperfusion in the rim. Note that
the echogenicity of an abscess depends on the composition
of the pus. A newly developed abscess may contain echoes
(occasionally moving ones) which gradually disappear as
the detritus is degraded and the content becomes more and
more liquid. A strong posterior sound enhancement (like
with a cyst) is almost always present, even with highly
echogenic pus, and may help to discriminate the abscess
from more sinister lesions. In obstructive sialoadenitis,
multiple intraglandular hypoechogenic tubular structures
correspond to dilated ducts (fig. 7a). The sonographic fea-
ture of tuberculosis of the salivary glands resembles a
malignant tumor with inhomogenicity and hypoechogenic-
ity. Ultrasound in Sjogrens syndrome, an autoimmune dis-
ease with inflaimmation of glands, demonstrates an
inhomogeneous gland. In advanced disease, multiple cys-
toid lesions and increased perfusion in Doppler sound are
found. However, in atrophic glands vascularity diminishes.
Lesions of more than 15 mm in a patient with Sjégren’s syn-
drome should be suspected for secondary malignant lym-
phoma and be biopsied [13, 14].

Neck Ultrasound

Sialoadenosis, a nonneoplastic, noninflammatory
enlargement of a salivary gland occurs mainly in the
parotid. In ultrasound, glands are enlarged and their
echogenicity is increased. Sialolithiasis refers to the forma-
tion of stones in the salivary glands most commonly found
in the submandibular gland. Ultrasound is one of the most
sensitive, noninvasive methods to find concrements with
echogenic reflexes with dorsal shadowing and dilation of a
duct. There may be no posterior shadowing with stones
smaller than 2 mm (fig. 7b) [1, 15].

Tumors of salivary glands are rare, and occur mainly in
the parotid gland. Most frequent are benign pleomorphic
adenomas of the parotid which are sharply delineated,
mostly homogeneous, and sometimes contain calcifica-
tions. Color Doppler shows enhanced vascularity compared
to the origin gland (fig. 7c). Cystadenolymphoma is a
sharply delineated ovoid, partly cystoid tumor. Malignant
tumors, most commonly mucoepidermoid carcinoma, are
hypoechogenic and inhomogeneous, with increased vascu-
larity. Infiltration of the parapharyngeal space should be
carefully evaluated, but the tumors are often not entirely
accessible by ultrasound. However, sonography cannot
accurately differentiate between malignant and benign sali-
vary gland tumors [1, 14, 15].

Cystic Neck Lesions

The majority of cystic neck masses in children are congeni-
tal malformations and include thyroglossal duct cysts,
branchial cleft cysts, epidermoid and dermoid cysts, and
lymphatic malformations, whereas in adults cysts originat-
ing from the thyroid gland and an underlying malignancy
should be considered [3].

Thyroglossal Duct and Branchial Cleft Cysts

Thyroglossal duct cysts, arising from a remnant of the thy-
roglossal duct, comprise about 70% of congenital neck
masses (fig. 8). The cysts are found in the midline or near
midline position of the neck and may be located at any level
between the thyroid isthmus and the tongue base — about
two thirds of them are infrahyoid. Sonographic examina-
tion shows a thin-walled, anechoic mass with posterior
enhancement. By real-time ultrasound, synchronic move-
ment of the cyst with the tongue is a typical feature.
Infection should be suspected if mixed echogenicity is
observed. Nevertheless, inhomogeneous echo structure
should also arouse suspicion of papillary cancer within the
cyst which shows additional perfusion within the lesion
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Fig. 7. a Sialoadenitis of the submandibular right gland with inho-
mogeneous echogenic structure of the salivary gland. b Sialolithiasis
(crosses) of the left submandibular gland (GL SM) with dilated ducts
and salivary retention (arrows) due to the obstruction. ¢ Pleomorphic
adenoma of the parotid gland as two echo-poor tumors of the caudal
part of the parotid gland.

Fig. 8. 19-year-old male patient with relapsing cervical infections and
abscesses. Persistent thyroglossal duct (arrow) ranging (arrowheads)
from the thyroid (SD) to the larynx (L). MST = Sternocleidomastoid
muscle; A = abscess formation.
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[3, 16]. Branchial cleft cysts are congenital epithelial cysts,
which arise in the lateral part of the neck mostly from a fail-
ure of the second branchial cleft to obliterate during embry-
onic development. With ultrasound, they mainly appear as
a thin-walled, echo-free fluid-filled cyst, but their
echogenicity varies. Most of the cysts have fine homoge-
nous reflexes caused by cholesterol crystals. Sometimes,
movement of these echoes can be found by intermittent
pressure with the transducer (fig. 9) [1, 3, 15].

Epidermoid and Dermoid Cysts

Dermoid and epidermoid cysts are tumors composed of
squamous epithelial cells. Epidermoids are devoid of skin
appendages in their wall, while these are present in case of
dermoids. They are often highly echogenic with internal
echoes and a large amount of keratin debris may give the
appearance of a solid mass [17].
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Fig. 9. Branchial cleft cyst (crosses, diameter of about 2 cm); echo-
free structure lateral of the cervical vessels (color Doppler).

Laryngoceles

A laryngocele is usually a cystic dilatation of the laryngeal
saccule. The external laryngocele is seen as a lateral swelling
in the neck and passes superiorly through the gap of the
thyrohyoid membrane from where the superior laryngeal
nerve and vessels go by, whereas internal laryngoceles do
not present as neck masses. The cystic laryngoceles can be
depicted by sonography at the level of the thyrohoid mem-
brane as anechoic lesions [1]. If they contain air, they pre-
sent as a bright reflex with dorsal shadowing.

Soft Tissue Tumors of the Neck

Lipoma

Lipomas occur frequently in the neck region and are mostly
localized in the subcutaneous space. Due to the relative dis-
tribution of fat and fibrous tissue, lipomas are relatively
echogenic and show a typical striated, feathery echo struc-
ture. Color Doppler flow studies may reveal only sporadic
vessels (fig. 10) [18].

Paragangliomas, Neurogenic Tumors and Neuroblastoma

Carotid paraganglioma is typically localized in the bifurca-
tion of the carotid artery. The internal and external carotid
artery are often displaced by a hypoechogenic, homoge-
neous solid tumor which is highly vascularized in color
Doppler, often with low resistance flow due to arteriove-
nous shunts (fig. 11) [19]. Neurofibromas and schwanno-
mas of the neck are mainly localized in the posterior
cervical triangle. Ultrasound shows smoothly delineated
hypoechogenic lesions with a spindle shape and occasion-
ally necrotic areas. Skilful scanning may disclose a close

Neck Ultrasound

Fig. 10. Lipoma of the neck as an oval subcutaneous tumor with a
typical striated feathery echo structure.

Fig. 11. Carotid paraganglioma (glomus tumor) in the carotid bifur-
cation which is highly vascularized. ACE = External carotid artery;
ACI = internal carotid artery.

continuity with a nerve. Vascularization in color Doppler is
usually moderate to significant [1, 19]. Neuroblastoma,
usually an adrenal tumor, may also arise in the cervical
sympathetic chain, and then has a better prognosis.
Sonography shows an echogenic mass which can appear
homogeneous or heterogeneous showing sonographic signs
of necrosis. Furthermore, calcification may be present [3].

Hemangioma and Lymphangioma

Infantile hemangiomas of the head and neck occur usually in
children less than 6 months of age, grow rapidly until 10
months of age and tend to regress spontaneously within 10
years. Ultrasonographic studies show a mostly echogenic
mass which is commonly highly compressible with septations
that are vascular on color Doppler. Arteriovenous shunts with
high diastolic flow may be present [3]. Lymphangioma is a
rare, benign proliferation of lymph vessels and usually occurs
in the head and neck region (75% of the cases). Sonography
usually displays a multicystic compressible pattern, but no
blood flow [1, 3].
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Fig. 12. 6-year-old girl after crashing through a glass door. Note the
reflex of the glass (arrow to the left) with a hypoechogenic inflamma-
tion (I) in the submandibular region (arrows).

Ectopic Thymic Tissue and Fibromatosis Colli

Ectopic cervical thymic tissue is a rare finding in infants.
Sonography shows an echogenic, soft and solid cervical
lesion with echogenic strips and the same echogenicity as
the children’s thymus with marked vascularization [1].
Fibromatosis colli is a benign, firm, fibrotic mass in the
sternocleidomastoid muscle, usually detected in infants
around 2-8 weeks of age which spontaneously resolves
between 6 and 12 months of age. Ultrasound shows an isoe-
choic or hypoechoid mass within the muscle which moves
with the muscle [3].

Foreign Body, Granulomas and Abscesses

Foreign bodies and suture granulomas have a typical sono-
graphic appearance as hypoechogenic lesions with a curved
central echo complex caused by the retained material
(fig. 12) [1]. An abscess most commonly appears as a hypoe-
choic or anechoic mass relative to adjacent structures, but
may be echogenic when fresh. However, a strong posterior
enhancement is constantly present and indicates that the
content is rich in fluid. Scattered echoes may represent
necrotic debris or tissue and abscess cavity may contain
septa or gas, which shows small pockets of hyperechoic air
within it. Color flow Doppler can show hyperemia adjacent
to the abscess cavity and absence of flow within it. Once
the abscess is identified, ultrasound can be used to drain it
(fig. 8, 13) [3].

Brachial Plexus

The sonographic investigation of the supraclavicular reg-
ion with high-resolution probes (5-13 MHz) allows the
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Fig. 13. Prethyroidal abscess (A) ventral of the isthmus of the thyroid
gland (SD). TR = Trachea; O = esophagus.

inspection of the brachial plexus and the cervical nerve
roots. Indications for ultrasound of this plexus are the
examination of a possible infiltration of a Pancoast tumor, a
traumatic lesion of the nerves or sonographically guided
anesthesia of the plexus. Starting the sonographic assess-
ment at the lateral base of the neck, the branches of the
brachial plexus run lateral and downward between the
scalenus anterior and medius muscle, reaching the axilla
between the first rib and the clavicula [20]. The easiest way
of identifying the cervicobrachial plexus is to first find the
cervical nerve roots as they exit between the transverse ver-
tebrae and then run downward. They are typically slightly
echo-poor without visible internal structures and show a
‘bulb-like’ thickening at their origin.

Tumors of the Tongue, Floor of the Mouth, the Larynx
and Hypopharynx

Ultrasound is useful for the evaluation of tumor infiltration.
Compared with normal musculature, carcinomas are
hypoechogenic and hypervascularized in Doppler sound
(fig. 14a). Small tumors of the tongue and floor of the
mouth can usually be delineated in total by sonography.
However, advanced, infiltrative tumors often cannot be
entirely examined by ultrasound; they belong to the realms
of MRI or CT.
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Fig. 14. a About 10-cm-sized echo-poor, partly cystic tumor (poorly differentiated sarcoma) of the right ventral neck with infiltration of the
common carotid artery (AC). b Hypoechogenic-relapsed tumor (crosses) right cervical, medial of the cervical vessels (ACC = common carotid
artery) of a patient with a laryngeal carcinoma after neck dissection and radiotherapy.

Fig. 15. a Cervical esophagus (OES) dorsal of the left thyroid with the typical sonographic wall structure of gastrointestinal organs of five dis-
crete layers. b Echo-poor delineated tumor of the 2nd dorsal layer of the proximal esophagus (O). Histology revealed a leiomyoma.
Arrowheads represent tumor borders in the second layer towards the esophageal lumen and arrows the distal tumor border. The crosses show

the maximum diameter of the tumor. SD = Thyroid.

Many laryngeal tumors are difficult to examine by
ultrasound due to calcified laryngeal cartilages (fig. 14b).
Nevertheless, the preepiglottic space is well accessible for
sonographic examination. By ultrasound, hypoechogenic
tumors of the preepiglottic space as well as tumor infil-
tration of the anterior laryngeal or the thyroid cartilage can
be depicted. By real-time sonography, it may be helpful to
let the patient swallow to exclude tumor invasion [21, 22].

Neck Ultrasound

Disorders of the Cervical Esophagus

The cervical esophagus originates at the level of the larynx
and shows the typical sonographic wall structure of gas-
trointestinal organs, i.e. five discrete layers. Not all of them
are constantly visible, but it is almost always possible to see
the inner, hypoechoic mucosa, the folded submucosa,
which is echo-rich, and the muscularis, which is echo-poor
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(fig. 15a). The esophagus usually protrudes to the left and
can therefore be seen dorsomedially to the left lobe of the
thyroid gland. Transcutaneous ultrasound allows detecting
tumors of the upper esophagus and its passage into the
hypopharynx showing hypoechogenic infiltration, destruc-
tion of the normal layer and enlargement of the wall (fig.
15b). Sonography may also be used for follow-up after stent
implantation to document deglutition. Zenker’s diverticu-
lum can appear as an isoechoic or hypoechoic mass with
internal or peripheral echogenic foci and a boundary
hypoechoic zone at the posterior portion of the thyroid
gland. Ultrasonographic evaluation for achalasia shows

thickening of the esophageal wall with sustained layers and
amotility of the upper esophagus [1, 15].

Ultrasound-Guided Biopsy of Head and Neck Masses

Ultrasound-guided biopsy of head and neck masses is a safe
and reliable technique yielding the highest rates of accuracy in
cervical lymph node metastases. Ultrasound-guided biopsy
helps puncture the most suspicious area, which is most helpful
in partial metastatic involvement of lymph nodes. Core nee-
dle biopsy lowers inadequate and false-negative results [2, 23].
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Abstract

Pulmonary embolism (PE) and pneumonia can be detected by
transthoracic sonography (TS), if they extend up to the pleura. In
about 70-80% central PE is accompanied by peripheral PE, which is
detectable by TS. In patients with suspected PE, all intercostal spaces
have to be investigated, especially those in the region of thoracic pain.
Typical sonographic findings of peripheral PE are multiple (mean
2.3-2.6 lesions/patient), hypoechoic, pleural-based parenchymal
lesions, mostly well-demarcated and either wedge shaped or rounded.
A basal and/or localized pleural effusion is evident in 50-60% of the
patients. The sensitivity, specificity and accuracy of TS for diagnosing
PE is 74-80, 92-95 and 84%, respectively. Nevertheless, an inconspicu-
ous TS does not exclude PE. Pneumonia characteristically demon-
strates a hypoechoic area of varying size and shape featuring irregular
and serrated margins and heterogeneous echotexture. Pneumonia
typically reveals a bronchoaerogram and shows free breath-depen-
dent motion. Occasionally, a positive fluid bronchogram may be
detectable. Pleural effusion occurs in about 70% of the patients. By
means of TS PE and pneumonia may be diagnosed and followed up
over the course of the disease, and complications may be identified
early. TS provides the basis for further diagnostic and treatment-
related decisions. Copyright © 2009 S. Karger AG, Basel

Pulmonary Embolism

Introduction

Diagnosing pulmonary embolism (PE) continues to be a
challenge for physicians. Clinical presentation is often non-
specific and may mimic various other cardiopulmonary
conditions. In recent years, computed tomographic pul-
monary angiography (CTPA) has become the method of
choice for diagnosing PE. However, CTPA does not achieve
sensitivity and specificity of 100%. Moreover, it may simply
not be available for use. In addition, CT may fail to detect

small peripheral emboli, and it is associated with potentially
harmful radiation and application of contrast medium. In
cases of renal failure, pregnancy or contrast agent allergy,
sonographic imaging may be an alternative approach to
CTPA. Ultrasound may also be the method of choice in an
emergency setting, in intensive care units or in outpatients
at home.

Detection of thromboembolic lesions of the lung using
sonography was first described some 40 years ago [1, 2].
However, in recent years transthoracic sonography (TS) has
become increasingly important for diagnosing PE [3-5].

In general, an intrapulmonary lesion is only detectable
by TS provided that the following conditions are fulfilled:
(1) the pulmonary lesion extends up to the pleura, (2) the
pleural space contains no air (no pneumothorax), (3) there
is no subcutaneous accumulation of air (no subcutaneous
emphysema), and (4) the lesion is not hidden behind a bony
structure.

Pathogenesis of PE

The pathogenesis of venous thromboembolism is associ-
ated with three main factors first described by Virchow over
a 100 years ago: (1) hemodynamic imbalance (blood stasis),
(2) endothelial vessel wall damage, and (3) a state of hyper-
coagulability.

Pathophysiology of PE

The pathophysiologic consequences of thrombotic vas-
cular occlusion result from both the direct effects of arterial
occlusion on cardiopulmonary function and from the
preexisting comorbidity of the patient. They may be



divided into (1) complete infarction and (2) incomplete
infarction.

A complete embolic occlusion of a pulmonary artery
builds up increased pressure proximal to the thrombus and
a decrease or even cessation of flow distal to it leading to a
number of consequences including a breakdown of surfac-
tant with consecutive packing of the alveolar lumen by ery-
throcytes containing exudates [6]. The alveolar filling
combined with an evacuation of air from the affected lung
tissue provides the basis for the sonographic detection of
lesions extending up to the pleural surface thus making
them accessible to TS.

An embolic occlusion of a pulmonary artery initially
leads to intra-alveolar hemorrhage without necrosis on the
first 2 days of PE [7]. This hemorrhage may subsequently
result in a ‘true’ pulmonary infarction (complete infarction;
in about 15% of all infarctions) with necrosis of the alveolar
walls or more frequently in an incomplete pulmonary
infarction. PE resulting in a ‘true’ infarction is often com-
bined with passive congestion of the lungs in patients with
preexisting cardiopulmonary conditions. Necrosis of the
alveolar walls usually begins after 2 days and leads to com-
plete infarction when occlusion persists. Complete infarc-
tion, which usually reflects a poor prognosis [8], results in a
scar and persistent radiographic findings over the following
weeks [7].

On the other hand, in healthy lungs, infarctions mostly
remain incomplete and characteristically disappear com-
pletely within 2-4 days in accordance with the resolution of
the intra-alveolar hemorrhage. However, both complete
and incomplete infarctions are detectable and can be fol-
lowed up using imaging techniques such as CT and TS.

Sonomorphology of PE

The sonographic appearance of peripheral PE may be cate-
gorized into the following criteria: (1) parenchymal, (2)
pleural and (3) vascular criteria.

Parenchymal Criteria

Typical sonographic findings of peripheral PE are multiple,
hypoechoic, pleural-based parenchymal lesions, mostly
well demarcated from the surrounding tissue. Eighty-six
percent of the lesions are wedge shaped, 11% are rounded
and about 3.3% adopt a polygonal configuration [3].
Generally, a mean of 2.3-2.6 lesions/patient (range 1-9) [3,
5] is detectable with an average size of 13.8 X 10.6 mm [3]
to 15.5 X 12.4mm [5]. All parenchymal lesions associated
with peripheral PE are hypoechoic and show free movement
during respiration. In about 7% of the patients, a single echo
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typically localized at the center of the lesions (fig. 1) may be
detected. The diagnosis of PE is confirmed if 2 or more typ-
ical triangular or rounded pleural-based subpleural lesions
are identified. A single typical lesion with a corresponding
pleural effusion points to a probable PE [5].

Using TS, 43% of the peripheral lesions were restricted
to the right side, 27% to the left side, and in 30% both sides
were affected simultaneously [9]. The lesions were located
within the lower lobes in about 80% [3], and 66% of lesions
were seen in the posterior basal segment of the lung [5].

Pleural Criteria

Characteristic signs of pleural involvement include:

o Widening of the pleural space corresponding to the
parenchymal lesion due to local accumulation of fluid
(localized effusion)

o Basal pleural effusion

o A thinned and/or fragmented hypoechoic visceral pleura
line
In PE, localized effusion occurs in about 23%, basal effu-

sion in 20% and both localized and basal effusion in 17% of

the patients [3]. Data from a multicenter study revealed
pleural effusions in 49%, basal effusions in 33% and focal

effusion in 16% of the patients, respectively [5].

Vascular Criteria
Exploration of the peripheral lesions using color Doppler
imaging may be helpful for the differential diagnosis of PE.

The vascularity of a lesion is defined by three methods:
qualitative color Doppler sonography (CDS), spectral curve
analysis and contrast-enhanced sonography (CES).

CDS: Generally, a pulmonary infarction does not show
any flow signals; however, occasionally, a congested throm-
boembolic vessel (‘vascular sign’) may be visible [10, 11].

Spectral curve analysis may demonstrate a bronchial
artery next to the pleura in certain cases [12].

CES shows no vascularity of the lesions or it presents a
long time to enhancement and a clearly reduced extent of
enhancement [12].

Course of the disease: Sonography allows monitoring the
course of PE and the early detection of infarct-related com-
plications, such as pneumonia. Sonographic features of
end-stage postinfarct pneumonia may be indistinguishable
from pneumonia of other causes.

As outlined above, incomplete pulmonary infarction
will resolve without sequelae. Complete infarction results in
a scar that is detectable by sonography as an echo-rich,
well-demarcated peripheral lesion. Sometimes, comet tail
artifacts due to local scarring may persist for many years.
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Fig. 1. PE: sonogram and corresponding computed tomogram. Seventy-year-old patient with CT-proven PE. The
patient had been suffering from dyspnea on exertion, dizziness and tachycardia for 14 days. The sonogram depicts
two triangular, hypoechoic, pleural-based parenchymal lesions with a single centrally located echo. One lesion was
detected in the left (a) and the other in the right lower lobe (b) dorsally. On the corresponding CT the peripheral
lesions are demonstrated on the left (c) as well as on the right side (d). They contain air inclusion. e Central PE on both
sides of the lung (arrows).

Diagnostic Strategy for Acute PE

Multidetector CT angiography has been recommended as
the reference standard for diagnosing acute PE since 2007,
replacing pulmonary angiography [13]. The sensitivity of
this technique for detecting PE varies between 83 and 100%
whereas the specificity lies between 89 and 96%, respec-
tively [14, 15]. However, CT scanning is associated with a
few disadvantages, such as radiation exposure, the necessity
of transporting the patient to the CT unit, as well as possible
side effects (e.g. deterioration of renal function and allergy
to iodinated contrast material). Therefore, sonographic
imaging offers an attractive diagnostic approach in cases of
suspected PE, particularly in children, pregnant women,
patients with impaired renal function as well as in the criti-
cally ill. If available, ultrasound should be the initial
method applied in all cases of suspected PE. Ultrasound
imaging includes TS, venous ultrasound, transthoracic (or
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transesophageal) echocardiography and endobronchial
sonography.

The diagnostic strategy for acute PE depends on the
patients’ clinical presentation. In cardiopulmonary-com-
promised patients either transthoracic (or transesophageal)
echocardiography or endobronchial sonography [16] is the
primary investigation to be carried out. In case of a negative
or a nondiagnostic ultrasound, a CT scan should follow. On
the other hand, in cardiopulmonary-stable patients, TS,
venous ultrasound and transthoracic (or transesophageal)
echocardiography should be carried out first. This may be
followed by endobronchial sonography;, if available. Only in
case of a negative or a nondiagnostic ultrasound, should a
CT scan be performed to establish PE. The sensitivity,
specificity and accuracy of TS for diagnosing PE is 74-80,
92-95 and 84%, respectively [3, 5]. Approximately 66% of
the peripheral lesions detected by TS are located in the
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dorsobasal segments of the lung, which are well accessible

to TS. This anatomical distribution closely reflects the

anatomy of the pulmonary arteries.

The basic advantages of TS in diagnosing PE are:

« Immediate accessibility at bedside

o Ease of performance

« No ionizing radiation

 No contrast medium required

o Feasibility of repeated controls

o Identification of very small peripheral lesions

o Early detection of possible complications, such as postin-
farction pneumonia

The disadvantages of TS in diagnosing PE comprise:

o Only lesions extending up to the lung periphery can be
detected

o Approximately 66% of the peripheral lung areas are
accessible to sonographic examination (although this is
counterbalanced by the preferred localization of the
lesions in the posterior basal segment of the lung)

o Strictly centrally localized emboli may not be detected

o Inconspicuous sonographic images do not exclude PE

o Operator-dependent investigation (experience of the
investigator)

Pneumonia

Introduction

Pneumonia is classified into community-acquired pneumo-
nia (CAP), hospital-acquired pneumonia and pneumonia
associated with immunodeficiency.

CAP is commonly defined as an acute infection of the
pulmonary parenchyma associated with some symptoms of
acute infection, and accompanied by the presence of an
acute infiltrate on a chest radiograph or auscultatory find-
ings consistent with pneumonia in a patient not hospital-
ized for 4 weeks before onset of symptoms.

As the name suggests, hospital-acquired pneumonia devel-
ops during hospitalization, 48 h or more after admission, and
is not present or incubating at the time of admission.

CAP affects about 2-3 million people/year in the USA.
The estimated incidence of CAP in Germany is 1-11/1,000
and causes about 200,000 inpatient treatments/year. The
overall mortality due to CAP is approximately 11%.

Pathophysiology of Pneumonia

Pneumonia, a disease of the peripheral lung tissue and dis-
tal bronchioles, is caused by an overwhelming inflamma-
tory defense reaction of the host against pathogenic
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microorganisms. Flooding of the peripheral airways and
alveoli by a neutrophil-rich exudate leading to air evacua-
tion in the affected tissue is characteristic of pneumonia
and provides accessibility to sonographic evaluation.

Sonomorphology of Pneumonia

The sonographic appearance of classical bacterial pneu-
monic lesions may be categorized into parenchymal, pleural
and vascular criteria.

Parenchymal Criteria of Pneumonia

Parenchymal criteria of pneumonia may be divided into
‘superficial fluid alveologram, bronchoaerogram, and fluid
bronchogram.

Characteristically on sonography, pneumonia shows a
hypoechoic area of varying size and shape with irregular
and serrated margins and a heterogeneous echotexture. In
most cases, the consolidated lung section adjacent to the
scanner is visible as a small homogeneous subpleural area
without air or fluid bronchograms and it refers to a so-
called ‘superficial fluid alveologram’ In addition, pneumo-
nia typically reveals a bronchoaerogram (fig. 2) which has
either multiple lentil-sized air inlets measuring a few mil-
limeters in diameter or a tree-shaped echogenic structure.
These hyperechoic signals are caused by the residual air
within air-conducting airways. Occasionally, the breath-
depending motion of the echoes can be demonstrated dur-
ing real-time investigation.

Another typical sonographic feature of a pneumonic
lesion is the fluid bronchogram (fig. 3). It is characterized
by echo-free tubular structures along the airways and
occurs less frequently than the bronchoaerogram. Color
Doppler imaging may help to differentiate a fluid bron-
chogram from pulmonary vessels. The fluid bronchogram
reflects exudate-packed conducting airways and may indi-
cate poststenotic pneumonia.

Pleural Criteria of Pneumonia

The pleural criteria of pneumonia may be divided into
pleural fragmentation, localized pleural effusion, and basal
pleural effusion.

Pleural fragmentation refers to the ‘pleural line’ corre-
sponding to the pneumonic lesion. The line is characterized
by its interrupted, thin, mostly fragmented, and hypoechoic
appearance when compared to pleura covering noninfected
lung areas.

A localized pleural effusion designates a local extension
of the pleural space corresponding to pneumonic lung sec-
tion and can be detected in about 9% of the cases [17].
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Fig. 2. Pneumonia: sonogram. A 32-year-
old patient with fever, cough and purulent
sputum. The pneumonia describes an area
with irregular and serrated margins and an
inhomogeneous echotexture caused by
multiple lentil-sized hyperechoic reflexes
indicating the presence of air within the
lesion  (bronchoaerogram, arrow) (a).
Corresponding X-ray (b) reveals pneumonia
in the right lower lobe.

Fig. 3. Fluid bronchogram: sonogram. The fluid bronchogram
reflects exudate-packed conducting airways and is characterized by
echo-free tubular structures along the airways. In contrast to vessels,
fluid bronchograms do not show any color Doppler flow signals
(arrow).

Basal pleural effusion describes the pleural fluid accu-
mulating in the costophrenic angle. It is seen in about 61%
of pneumonia [17].

Vascular Criteria of Pneumonia

The third set of sonographic criteria for pneumonia refers
to vascular alterations. Qualitative CDS resembles an
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enhanced, tree-like vascularity from the center to the
periphery, which is typical of pneumonia.

The spectral curve analysis shows various vessels pri-
marily representing pulmonary and bronchial arteries. By
means of CES, the lesion can be defined in more detail.
Lung lesions show a complex vascularity. Generally, pneu-
monia has a short time to enhancement and a marked
extent of enhancement [12].

Even with vascular criteria differentiation between
malignant and benign lesions is not possible. Color imaging
strongly depends on the investigator’s experience as well as
on the localization, the size, and the breath-depending
motion of the affected areas.

Course of the Disease

Pneumonia can follow different courses, which may be
detectable by sonography: (1) noncomplicated pneumonia
without sequelae, (2) necrotizing pneumonia, (3) compli-
cated parapneumonic effusion, and (4) localized pleural
thickening.

First, pneumonia may resolve completely without
sequel. Irregularities of the pleural line causing comet tail
artifacts may persist for some weeks or even months due to
local scarring of the lung tissue.

Second, either necrotizing pneumonia or a pulmonary
abscess may develop, particularly when the pathogens are
anaerobic bacteria. A lung abscess is characterized as a
hypoechoic area within the pneumonic lesion by sonography.

Third, a complicated parapneumonic effusion may
develop. Without appropriate therapy, this will be followed
by empyema. The sonographic appearance of a pleural
empyema is characterized by an echo-rich effusion with
spontaneous contrast and multiple echogenic structures,
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Fig. 4. Empyema: sonogram. As a complication of pneumonia, para-
pneumonic empyema developed in a 27-year-old patient with drug
addiction. Pleural empyema is characterized by an echo-rich effu-
sion, multiple echogenic structures within the effusion (resembles a
net or Swiss cheese) and an absorbed lung.

Fig. 5. Lung cancer: sonogram. An 81-year-old patient suffering from
non-small cell lung carcinoma. The sonogram presents an echo-poor
area with a polycyclic shape and an infiltrating growth within the tho-
rax wall. The lesion does not exhibit a positive bronchogram.
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Fig. 6. Pleural effusion with compressive atelectasis: sonogram. A
78-year-old woman suffering from heart failure developed a large
pleural effusion with consecutive compressive atelectasis (arrow).
The atelectasis has sharp and smooth margins, is moderately echoic
and has a concave shape (like a jelly bag cap). Under real-time condi-
tions compressive atelectasis moves like a ‘waving hand'

resembling a net or a ‘Swiss cheese’ (fig. 4). In this case, a
thoracocentesis or even surgical intervention is necessary.
Fourth, localized pleural thickening may become evi-
dent during the course of the disease.
Patients suffering from pneumonia can be diagnosed
and monitored by means of TS. In this way exposure to
radiation through X-ray will be reduced [17].

Interstitial Pneumonia

Interstitial pneumonia is another type of pneumonia caused
by Mycoplasma, Chlamydia, Legionella and Coxiella burnetti
as well as a number of viruses. These microorganisms influ-
ence the interstitial tissue and provide a different sonomor-
phologic picture involving multiple comet tail artifacts.
Interstitial pneumonia may also predispose to bacterial super-
infection resulting in an exudative filling of the alveoli. In this
case, a positive bronchoaerogram is detectable, which may,
however, be less pronounced than the bronchoaerogram
found in typical pneumonia primarily caused by bacteria.

Differential Diagnosis of PE and Pneumonia

When sonographic features suggestive of PE and pneumonia
are detected fundamentally important differential diagnoses,
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Table 1. Differential diagnostic criteria of sonography for distinguishing between pneumonia, PE, bronchogenic carcinoma and compressive

atelectasis [modified after 12, 18]

Pneumonia PE Bronchogenic Compressive atelectasis

carcinoma

Echogenicity hypoechoic hypoechoic hypoechoic moderately echoic

Echotexture nonhomogeneous homogeneous mostly mostly nonhomogeneous
homogeneous

Shape irregular triangular > round rounded or polyclic concave

Borders serrated margins well-demarcated infiltrating growth sharp and smooth

Bronchoaerogram aregular feature none none often

Characteristic features fluid bronchgram

occasionally, a single

tissue necrosis may associated with large effusion,

may be visible central echo may occur reduced size following
be present thoracocentesis

Vascularity

CDS enhanced, no flow signals, detectable enhanced, tree-like
tree-like ‘vascular sign’ possible

SCA PA and BA BA possible ICA, TN PA

CES short TE, no vascularity or delayed TE, short TE, marked EE
marked EE delayed TE, reduced EE variable EE

SCA = Spectral curve analysis; PA = pulmonary artery; BA = bronchial artery; ICA = intercostal artery; TN = vessels of tumor neoangiogene-

sis; TE = time to enhancement; EE = extent of enhancement.

such as lung cancer, atelectasis (table 1) and bronchiolitis
obliterans organizing pneumonia, have to be taken into
account.

Lung Cancer

Lung carcinomas characteristically present as polycyclic-
shaped echo-poor areas. Usually, they are not sharply
demarcated and, occasionally, infiltrating growth into the
adjacent tissue is visible. In case of carcinoma with tissue
infiltration into the parietal pleura or the thorax wall (fig. 5)
no breath-dependent motion can be detected. Occasionally,
echo-free zones corresponding to central necrosis are
observed. As a general rule, lung carcinomas do not show a
positive bronchoaerogram, which is characteristic of
pneumonia.

Vascularity may be detectable by means of qualitative
CDS. The spectral curve analysis shows various vessels,
which may primarily represent intercostal arteries or vessels
of tumor neoangiogenesis. On CES, lung cancers have a
delayed time to enhancement as well as a variable extent of
enhancement [12].

Diagnosis of PE and Pneumonia Using TS

Atelectasis

Atelectasis reflects nonventilated lung parenchyma. If
atelectasis reaches up to the lung periphery, it may serve as
an ‘acoustic window’ for a sonographic evaluation of the
distant/central structures. Two different types of atelectasis
can be distinguished: atelectasis following compression
(compressive atelectasis) and atelectasis following central
airway stenosis (resorption atelectasis).

Compressive Atelectasis

Compressive atelectasis is more common and is a regular
consequence of space-occupying pleural effusion. This type
of atelectasis usually has sharp and smooth margins, is
moderately echoic and has a concave shape (like a ‘jelly bag
cap) (fig. 6). It reveals a breath- and heartbeat-dependent
motion within the effusion. Occasionally, a breath-depen-
dent reventilation of the atelectatic area may be visible.
Compressive atelectasis decreases in size or even disappears
after thoracocentesis. In CDS compressive atelectasis shows
an enhanced, tree-like vascularity. Spectral curve analysis
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predominantly presents pulmonary arteries, whereas in
CES, a short time to enhancement and a marked extent of
enhancement are depicted [12].

Resorption Atelectasis
The development of resorption atelectasis reflects a
dynamic process. Therefore, resorption atelectasis charac-
teristically appears as a homogeneous hypoechoic structure
with an echogenicity comparable to that of the liver. This
type of atelectasis has a large size in comparison to the
extent of effusion. Its variable shape remains unchanged
during cardiorespiratory cycles and after thoracocentesis.
Occasionally, a fluid bronchogram may be detected due to
obstruction of the airways such as due to retention of
bronchial secretion or tumor obstruction.

In CDS, recent resorption atelectasis reveals an enhanced
vascularity. Spectral curve analysis shows pulmonary and

bronchial arteries. In CES, recent resorption atelectasis is
characterized by a short time to enhancement and a marked
extent of enhancement. By means of this technique metastasis
or tumor necrosis within the atelectasis may be differentiated.
In case of a long and persistent resorption atelectasis, reduced
or absent vascularity as well as a long time to enhancement
and a reduced extent of enhancement are present [12].

Bronchiolitis Obliterans Organizing Pneumonia

The sonographic appearance of bronchiolitis obliterans
organizing pneumonia cannot be distinguished from pneu-
monia of other causes. For patients suffering from recurrent
pneumonias of alternating localization and recurrent
episodes of fever and malaise, bronchiolitis obliterans orga-
nizing pneumonia should be considered. Here, histology of
tissue specimens obtained for instance by bronchoscopy are
required to confirm the diagnosis.
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Abstract

Mediastinal abnormalities are often discovered by radiological tech-
nigues. Clinical symptoms are usually unspecific; mediastinal lym-
phadenopathy, for example, is a frequent finding in inflammatory
and neoplastic diseases. Both, acute and chronic inflammation of
organs often leads to enlargement of adjacent lymph nodes. Apart
from clinical and laboratory evaluations imaging techniques are the
standard diagnostic tools. Mediastinal lymph node compartments
can be evaluated by suprasternal and parasternal sonography. The
value of mediastinal sonography as a routine diagnostic procedure
has not yet been established. Mediastinal sonography allows suffi-
cient access to the supra-aortic, paratracheal, prevascular, and peri-
cardial regions as well as to the aortopulmonary window and, with
less success, to the subcarinal region. High-resolution sonography is
easy to perform and seems to be an effective diagnostic tool in eval-
uating the findings in the paratracheal region and aortopulmonary
window. Occasionally lesions are also detectable in the subcarinal
region. The lower detection rate in the subcarinal region may be a
consequence of reduced sonographic visualization owing to the
deep location of this region within the mediastinum or artifacts
caused by heartbeats. However, transthoracic mediastinal sonogra-
phy does have significant disadvantages. The procedure is strongly
investigator-dependent and only reveals portions of the medi-
astinum compared with computed tomography. Moreover, the
image quality is highly variable. But in the hands of a skilled ultra-
sonographist the technique is a helpful procedure, as it is repeatable,
cheap and harmless for the patient. Copyright © 2009 S. Karger AG, Basel

Mediastinal structures can be visualized comprehensively
by computed tomography as well as magnetic resonance
tomography. Apart from echocardiography, transthoracic
sonographic examination of the mediastinum has therefore
not been widely applied until now.

Although an adequate view of the mediastinum is some-
what impaired by bone, ultrasonography (US) plays a use-
ful role. In 1971, Goldberg [1] first described suprasternal
US of the mediastinum. Cardiologists used this access to

examine the aortic valve and thoracic aorta [2, 3]. In 1986,
Wernecke et al. [4] described the diagnostic evaluation of
mediastinal tumors utilizing suprasternal US. In 1990, they
studied mediastinal sonography with an additional
parasternal access [5]. They concluded that the sensitivity
of US was similar to CT scanning for the supra-aortic, peri-
cardial, prevascular, and paratracheal areas. CT scanning
was superior to US for the aortopulmonary window, the
subcarinal and paravertebral regions, and the posterior
mediastinum. US contributes to the evaluation of the medi-
astinum despite limited view. Lesions of the anterior supe-
rior mediastinum may be identified clearly by US as solid
or cystic [6].

US of the mediastinum has, however, several limita-
tions. Successful examination requires considerable experi-
ence in visual interpretation, and a thorough knowledge of
anatomic structures. Lesions that are located deeper in the
mediastinum absorb more US energy and may not be iden-
tified against surrounding tissue. Patients with emphysema
have reduced suprasternal, parasternal, and aortopul-
monary windows that limit US evaluation. Endoscopic US
using the flexible bronchoscope is another method with
which to evaluate the mediastinal, paratracheal, and sub-
carinal lymph nodes [see chapters 13-20, pp. 110-179].

In the following paragraphs the technique will be
described and the value of transthoracic US will be discussed.

Technique

Profound knowledge of anatomy is absolutely essential (fig.
1). The investigation procedure is based on Heinzmann’s
stratification [7] of the mediastinum into eight compart-
ments, which correspond to the various lymph node



Fig. 1. Anatomy of the mediastinum on a computed tomography
reconstruction of the coronary section level.

Fig. 3. Parasternal acoustic window in a
supine (a) and a left-sided (b) position in
expiration. Only in a left-sided position does
the mediastinum reach the chest wall and
an acoustic window is accessible.

groups. Because of the small sonic window, only 3.5- and 5-
MHz sector, convex and vector transducers with small
apertures are suitable for sonographic diagnosis. With
sonography the mediastinum is accessed from the
suprasternal and the parasternal regions, occasionally also
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Fig. 2. Suprasternal ultrasound in the supine position; by moving
the probe in different directions an adequate acoustic window can
be obtained.

from the infrasternal region [8]. The large vessels and their
spatial relationship to the heart in the various planes serve
as cardinal structures. The investigation from suprasternal
is performed with the patient in the supine position, the
parasternal view in a left- or right-sided position.
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Fig. 5. a, b Parasternal examination in the
left lateral position (a). b Left parasternal,
sagittal section. The ascending aorta above
the cross-sectional right pulmonary artery
(PA right). In-between the bronchus and the
left atrium (LA).

Viewing the upper mediastinum is facilitated by having
the patient recline his/her head (fig. 2), ideally by cushion-
ing the thoracic spine. Turning the head to the right and
left is additionally helpful. In the right- and left-sided posi-
tion described by Wernecke et al. [5] and by Briiggemann
et al. [9] the mediastinum is shifted and the pulmonary cav-
ity displaced, which permits better viewing of the medi-
astinum. It is easier to assess the mediastinum in expiration
[10] (fig. 3a, b).

From suprasternal view the supra-aortic and paratra-
cheal region and the aortopulmonary window can be
imaged (fig. 4a—c). Here the vessels (brachiocephalic trunk,
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carotid artery, subclavian artery, aortic arch, superior vena
cava, brachiocephalic veins, pulmonary trunk, aa. pul-
monales) the thymus and the retrosternal space are visible.
From parasternal view the combined use of right-sided
and left-sided lateral decubitus position permits evaluation
of the anterior and mid mediastinum (fig. 5a, b, 6, 7a-c).
For this purpose the transducer is placed adjacent to the
sternum, cranially, and then moved caudad. Anatomical
structures visualized through transverse and sagittal
sections in angulated planes are again the vessels (superior
vena cava, ascending aorta, right pulmonary artery, pul-
monary veins, descending aorta, pulmonary trunk).
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The infrasternal access only provides a limited view of
caudal portions of the posterior mediastinum. The esopha-
gus, aorta and vena cava are seen at the point where they
pass through the diaphragm. Transverse and sagittal
images in angulated planes are obtained through the left
lobe of the liver [11].

The upper and mid mediastinum can be imaged well on
sonography. The suprasternal access permits adequate
evaluation in 90-95% of cases [7, 10]. The posterior medi-
astinum, paravertebral region, the hilum of the lung and
the immediate retrosternal space, however, can only be
partly assessed from a transthoracic approach.
Transthoracic sonography may be severely hampered by
obesity, pulmonary emphysema, mediastinal distortion as
well as spinal deformities.

Indications

Sonographic investigation of the mediastinum is per-
formed after chest radiographs have been obtained, when
the findings of the latter are not distinct or if a mediastinal
space-occupying mass is suspected. Sonography can be

The Mediastinum

Pulmonary
trunk

Fig. 10. Enlarged lymph nodes (LN) along the pulmonary trunk in a
left paratracheal lateral view. PA left = Left pulmonary artery.

used as the first investigation procedure in cases of acute
chest symptoms. The general indications for transthoracic
sonography of the mediastinum are space-occupying
masses in the mediastinum, tumor staging, monitoring the
course of disease/therapy and punctures [12-14].

Lymph Nodes

Lymphomas account for approximately one quarter of all
primary mediastinal tumors, whereas lymph node metas-
tases of bronchial carcinomas, for instance, are more com-
mon [15].

On the basis of their hypoechoic transformation,
inflamed and enlarged lymph nodes or lymph nodes
invaded by tumor can be differentiated from the surround-
ing hyperechoic tissue (fig. 8-10).

Differentiation of the above-mentioned diseases of
lymph nodes by sonography alone is not possible without
biopsy.

Under treatment lymph nodes again become increas-
ingly echogenic [4, 13]. Color Doppler sonography and, as
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Fig. 11. Enlarged mediastinal massin CT (a)
and ultrasound (b) (marked by crosses).
Areas of different echogenicity are distin-
guishable.

Fig. 12. Mediastinal process (marked by crosses) in a suprasternal
sagittal section.

an even more sensitive method that has recently been
employed, contrast-enhanced sonography will reveal
reduced blood circulation [12, 16]. With the use of high-
resolution devices, normal mediastinal lymph nodes
(hypoechoic) are also visualized (paratracheal, aortopul-
monary window). A reliable differentiation of pathological
processes, however, is not possible without obtaining biop-
tic material [13, 15].

Tumors

Depending on the localization in the mediastinum, differ-
ent tumors are visible. The thymus is located in the anterior
mediastinum, behind the sternum. In adults it cannot be
distinguished from its hyperechoic surroundings. There
are various malignant tumors; thymomas and lymphomas
are the most common ones (more rarely, germ cell carci-
noma, carcinoids and carcinomas) (fig. 11a, b). These enti-
ties can have characteristic sonographic features. The
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Fig. 13. Mass in parasternal, transversal section with central liquid
area (margins of mass indicated by the 4). AO = Aorta.

diagnosis is verified by performing a sonography-guided or
computed tomography-guided biopsy [10].

Teratomas and seminomas are mostly situated in the
ventral and middle part of the mediastinum, accounting for
approximately 10% of primary mediastinal tumors.
Teratomas usually occur in the second and third decades,
grow slowly and only produce symptoms if they have
grown to a large size (encroaching upon surrounding struc-
tures). These tumors are clearly delineated, contain cystic
as well as epithelial structures and also tissue of mesenchy-
mal origin (cartilage, bone, smooth muscle).

Value of Transthoracic Mediastinal US

Sonography is superior to survey radiographs of the chest
in the assessment of nearly all portions of the mediastinum
(with the exception of the paravertebral region). In the
evaluation of supra-aortic, pericardial, prevascular and
paratracheal regions, sonography has a sensitivity of 90—
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100% and is nearly as reliable as computed tomography
[10].

However, in the aortopulmonary window and the sub-
carinal region, sonography achieves a sensitivity of only
82-70% [4, 12, 13, 16]. Thus, sonography occupies an
intermediary position between chest radiographs and com-
puted tomography.

Conclusion

Mediastinal space-occupying masses are most frequently
found in the anterior upper mediastinum. They can be
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Abstract
Critical care echocardiography is performed and interpreted by the
intensivist at the bedside in order to establish diagnosis and to guide
therapy of the patient with cardiopulmonary failure. When echo-
cardiography is used as a dynamic imaging modality, it is sufficiently
different from standard echocardiography as performed by cardio-
logists that it warrants a separate designation: critical care echo-
cardiography (CCE). This chapter will discuss the utility of CCE in the
diagnosis and treatment of cardiopulmonary failure.

Copyright © 2009 S. Karger AG, Basel

Cardiologists and intensivists deal with very different clinical
challenges. Cardiology echocardiography reflects the practice
interests and requirements of cardiologists. The cardiology
echocardiogram is generally performed in a dedicated labora-
tory on an elective basis. The study is performed and inter-
preted as an isolated imaging event, and a report is issued by
an offline reader who is often not directly involved with the
clinical management of the case. This results in a double dis-
association: a time delay as well as physical separation from
the clinical reality at the bedside. This system works well for
the challenges of clinical cardiology such as valvular heart
disease, cardiomyopathy, and ischemic heart disease. In the
United States, the disassociation of the physician from the
patient has reached a logical endpoint; the majority of cardi-
ology echocardiography is performed by highly skilled tech-
nicians with the physician cardiologist interpreting the scan.
Because the scan is seen as a distinct complete imaging event,
the cardiology approach to echocardiography will usually not
include repeated echocardiography examinations performed
in close sequence during a rapidly evolving clinical situation,
it will not be performed at the bedside of the critically ill on
an emergency basis, and it does not favor the concept of a
limited or goal-directed echocardiogram.

The intensivist faces the challenge of caring for the
patient with potentially life-threatening hemodynamic fail-
ure. The patient with severe cardiopulmonary failure
requires immediate diagnosis and treatment. With critical
care echocardiography (CCE), the approach is therefore
different from that of cardiology. The scan is performed at
the bedside of the patient by the clinician in immediate
charge of the case. The results are interpreted and the man-
agement plan set up immediately. There is no disassociation
effect. The echocardiogram is repeated as often as needed,
and may be limited in scope. The concept that every study
must be comprehensive is a cardiology concept; CCE favors
a focused echocardiogram.

There will always be tension between the cardiology
echocardiography approach and that of the intensivist per-
forming CCE. This derives from the different clinical chal-
lenges of the two subspecialties. Cardiologists will utilize
applications that relate to chronic heart disease. Intensivists
will favor applications that relate to management of the
patient with acute cardiopulmonary failure.

Technical Issues

CCE requires that the intensivist has immediate access to a
capable echocardiography machine. For full advantage, the
machine should be positioned in the intensive care unit
(ICU) under complete operational control of the ICU team.
Any other control option is suboptimal, as having to borrow
the machine from another service is bound to cause prob-
lems and limit the utility of the technique. Fully capable car-
diology echocardiography machines are large, expensive,
and difficult to position at the crowded bedside of the
unstable patient in the ICU. These high-end platforms are



designed for cardiology use, and have excellent 2-dimen-
sional (2-D) image and Doppler capability. Until recently,
they were the best option for the intensivist, as early-gener-
ation handheld ultrasound machines provided inadequate
2-D image and Doppler quality. This has changed with the
availability of new-generation handheld units that have 2-D
image quality and Doppler capability that is similar in qual-
ity to high-end cardiology machines. Some models may be
equipped both for transthoracic echocardiography (TTE)
and for transesophageal echocardiography (TEE). Not only
are these portable units lower in cost, they are also much
easier to set up at the bedside of the patient. Typically, they
are mounted on a small cart, but they can be easily detached
from the cart for use as a truly portable device. This allows
the intensivist to carry them to the rapid response team or
cardiac arrest situations outside of the ICU.

The physical principles of ultrasonography are similar
regardless of the organ system under examination. The
clinician must become proficient at optimizing machine
settings and at transducer manipulation in order to acquire
adequate images. Image acquisition requires knowledge of
the physics of ultrasound and 2-D and Doppler image
ultrasound artifacts; these are discussed elsewhere in this
textbook. Echocardiography has special technical chal-
lenges that relate to the fact that the heart is positioned
within the thorax and therefore surrounded by ribs and
lung. This has relevance to TTE. Ribs block ultrasound
waves. Cardiac transducers are therefore designed with a
small footprint, the better to scan through the rib inter-
spaces. If possible, the patient should be scanned with the
left arm abducted, as this increases interspace size. Aerated
lung blocks transmission of ultrasound, so that positioning
the patient is important. The left lateral decubitus position
will expose more of the heart, as it is moved out from
behind the sternum and lung is shifted out of the scanning
field. The supine position is favored for the subcostal view.
Unfortunately, the critically ill patient may be difficult to
position in an optimal scanning position. In addition,
image quality may be poor in the muscular or obese
patient. Patients on ventilatory support, particularly when
on positive end-expiratory pressure or with emphysema,
may have poor image quality due to lung hyperinflation. In
this population the subcostal view is often the best image
window. The presence of chest wounds, dressings, or sub-
cutaneous air may make TTE difficult. TEE is an alterna-
tive in the difficult to image patient. Echocardiography has
artifacts that relate to the fact that the heart is a highly
mobile organ that is in constant motion within the thorax.
Translational, torsional, and rotational movement of the
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heart may be misinterpreted as reflecting actual cardiac
contractile function.

Levels of Competence in CCE

Competence in CCE can be separated into basic and
advanced level. Basic CCE is performed as a goal-directed
examination using TTE or TEE 2-D imaging. This allows
the intensivist to identify characteristic echocardiographic
findings and to answer specific clinical questions.
Achieving competence in basic CCE is not difficult.
Competence in advanced CCE requires a high level of
skill in all aspects of image acquisition and interpretation.
Compared to basic CCE, advanced level competence
requires extensive training. Advanced CCE allows a com-
prehensive evaluation of cardiac anatomy and function
using TTE or TEE 2-D and Doppler echocardiography.

Basic CCE

Basic CCE has special utility in the bedside evaluation of
shock. The intensivist frequently engages in an initial dif-
ferential diagnosis of shock: hypovolemic, cardiogenic,
obstructive, or distributive. Basic CCE allows the bedside
clinician to distinguish between these primary causes of the
shock state. The examination may be performed as often as
mandated by the clinical situation, in order to guide ther-
apy, to follow the evolution of disease, and to detect new
problems. By definition, basic CCE is limited in scope, and
therefore requires limited training. A key feature of basic
CCE is that the examiner must understand their limita-
tions. The approach requires the intensivist to assess a lim-
ited number of findings, and to seek consultation with an
advanced echocardiographer when indicated. Basic CCE is
often used as an initial emergency imaging modality fol-
lowed by a more comprehensive examination.

The basic CCE examination includes the parasternal
short axis view, the parasternal long axis view, the apical
four-chamber view, the subcostal view, and the longitudinal
view of the inferior vena cava (IVC) (fig. 1-5) (online suppl.
videos 1-5). The examiner assesses left ventricular (LV) size
and function, right ventricular (RV) size and function, and
the presence of significant pericardial fluid (fig. 6) (online
suppl. video 6). The size of the IVC is determined.
Respiratory variation of IVC size is measured if the patient
is on ventilatory support with passive ventilator patient
interaction. The basic CCE examination includes inspec-
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Fig. 1. Parasternal long axis view of the heart.

tion of the mitral (MV) and aortic valve (AV) (fig. 7)
(online suppl. video 7) for gross anatomic abnormality.
Color Doppler may be utilized to screen for severe aortic or
mitral valvular regurgitation. However, the pitfalls of color
Doppler may not be known to the basic level examiner
(gain settings, wall jet effect, and angle effect), so that clini-
cal suspicion of severe valvular failure requires advanced
echocardiographic examination. Basic CCE does not
include use of spectral Doppler. With focused basic CCE
scanning approach, the examiner may quickly screen for
the cause of the shock state and develop a logical manage-
ment strategy. Follow-up examinations may determine the
effect of therapeutic intervention and evolution of disease.

Advanced CCE

Advanced CCE requires that the intensivist has a skill level
that is similar to that of a cardiologist who is fully trained in
echocardiography. In addition, the intensivist trained to
advanced level has proficiency in ICU applications that are
not commonly used by and therefore not familiar to many
cardiologists.

The advanced CCE examination includes the standard
2-D views of the traditional cardiology echocardiogram [1].
These are performed in methodical sequence and include
the following views: the parasternal long axis; the RV inflow
and outflow; the parasternal short axis at the AV including
examination of the pulmonary artery, MV and midventric-
ular level; the apical four-, five-, two- and three-chamber
view, and the subcostal long and short axis view. The
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Fig. 2. Parasternal short axis view of the heart.

suprasternal and modified subcostal pulmonary artery view
may be performed if indicated. TEE is useful for imaging
the aorta and posterior cardiac structures, and in any situa-
tion where TTE image quality is suboptimal. The complete
2-D study aims to assess LV and RV size and function, seg-
mental wall function, wall thickness, valvular anatomy, the
pericardial space, and other disease processes such as vege-
tation, thrombus, cardiac mass, or congenital heart disease.
Using Simpson’s method, the 2-D examination allows for
quantitative measurement of stroke volume (SV) and ejec-
tion fraction.

The advanced CCE examination includes comprehen-
sive Doppler evaluation using color, pulse wave, tissue, and
continuous wave technique. Doppler analysis allows for
accurate analysis of intracardiac pressures, SV, and diastolic
function. Doppler study relies on the measurement of blood
flow velocity in the heart and adjacent blood vessels.
Through application of the simplified Bernoulli equation,
blood flow velocity across valves and through cardiac cham-
bers permits calculation of pressure gradients. Doppler
measurements allow a large variety of qualitative and quan-
titative hemodynamic measurements to be made with both
TEE and TTE. Some Doppler measurements that are of spe-
cial interest to the intensivist utilizing CCE are as follows.

Quantitative SV: Measurement of SV allows calculation
of indexed SV, cardiac output, and other standard derived
values. It is a key aspect of determination of preload sensi-
tivity (discussed below).

Qualitative estimate of pulmonary artery occlusion
pressure (PAOP): Doppler analysis of MV and pulmonary
venous inflow in combination with tissue Doppler of the
mitral annulus yields estimated PAOP [2, 3].
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Fig. 3. Apical four-chamber view of the heart.
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Fig. 5. Longitudinal view of the IVC.

Quantitative measurement of valvular regurgitation and
stenosis: Measurement of vena contracta, application of the
continuity principle, and use of the proximal isovelocity
method are standard advanced CCE techniques that allow
the intensivist to quantitate valvular dysfunction.

Measurement of diastolic dysfunction: Both LV and RV
diastolic function may be assessed by analysis of MV and
pulmonary venous and tricuspid and hepatic venous
inflow, respectively. These measurements may be comple-
mented by tissue Doppler of the relevant annulus [4, 5].

Measurement of intracardiac pressures: The presence of
even a small degree of valvular regurgitation or stenosis
allows measurement of a transvalvular gradient using the
simplified Bernoulli equation. This principle is useful in
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Fig. 4. Subcostal long axis view of the heart. Ascites is present.

Fig. 6. Apical four-chamber view of the heart. There is a large peri-
cardial effusion.

measurement of many intracardiac pressures such as mea-
surement of pulmonary artery systolic pressure.

Identification of LV outflow obstruction: Doppler exam-
ination, showing a late peaking high velocity outflow pat-
tern, may confirm what is suspected on 2-D examination.

Measurement of RV and LV Dp/Dt if tricuspid or mitral
regurgitation is present [6, 7].

Diagnosis of pericardial constriction and tamponade:
Analysis of mitral, pulmonary venous, tricuspid, and hepatic
venous inflow patterns permits diagnosis of these problems.

The intensivist with advanced CCE training has, by defi-
nition, capability to perform a sophisticated assessment of
cardiac function at the same level as the cardiology
echocardiographer. Should a complete echocardiogram
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Fig. 7. Parasternal long axis view of the heart. The AV is heavily calci-
fied consistent with aortic stenosis.

constitute every examination? Training in advanced CCE
encourages a flexible approach. When clinically indicated, a
complete examination may be required. A limited goal-
directed examination may be all that is needed or practical.
Advanced CCE capability gives the intensivist both options.

Training in CCE

In the United States, there is no clearly defined training
pathway that is specific to CCE. Advanced CCE requires
extensive training. At present, the best approach is for the
intensivist to fulfill requirements for level 2 competence as
defined by the American College of Cardiology/American
College of Cardiology (ACC/AHA) Clinical Competence
Statement on Echocardiography [8]. The National Board of
Echocardiography (NBE) has defined an alternative path-
way that is not open to intensivists, unless they have com-
pleted cardiology fellowship training. The NBE has
developed a board-type examination that is a requirement
to obtain NBE certification. The examination is open to any
licensed physician, and is not a requirement for level 2 com-
petence by ACC/AHA standard. It is therefore optional for
the intensivist who wishes to follow ACC/AHA recommen-
dations. Many cardiologists choose not to take the exami-
nation. Precisely because it is optional, the motivated
intensivist demonstrates a serious commitment to the field
by taking the examination.

In contrast to the United States, the French critical care
community has developed a comprehensive training
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sequence that results in specific certification in advanced
CCE. This requires the intensivist to undergo training in
echocardiography during fellowship training over a 2-year
period. The first year of training is shared with cardiology
fellows, whereas the second year takes place in fellowship
training programs that are specifically certified to provide
training in advanced CCE. Training includes both TTE and
TEE. Performance of 220 TTE is required. The trainee must
then pass a board style examination that is specific to CCE
in order to be certified in advanced CCE. The French sys-
tem is an excellent model that will need to be emulated in
other countries. There is serious effort being made in the
United States to develop training in CCE that will lead to
formal certification. Any result is still several years away.

For training in basic level CCE, there is no widely
accepted standard to follow. The ACC/AHA statement
defines a level 1 competence, but this does not address the
requirements of basic level CCE. Level 1 competence occurs
on a continuum that will eventually result in level 2 compe-
tence in echocardiography so that it includes training in
aspects of Doppler and 2-D imaging that is not required for
basic level CCE.

Specific Suggestions for Training in Advanced CCE

The knowledge base required for advanced CCE is large
and requires a major time commitment. I strongly recom-
mend two entry level English language textbooks [9, 10]. It
is also useful to review a more comprehensive text of recent
publication [11]. Programmed problem-orientated texts are
useful for Doppler training. A good quality anatomic heart
model is helpful as well (Denoyer-Geppert, Chicago, I,
USA). An existing comprehensive DVD-based training
program is an excellent basis for training in basic CCE, and
is also useful for some elements of advanced CCE training
[12].

The trainee needs to personally perform a large number
of echocardiographic examinations, as a high level of skill
in image acquisition is an essential component of advanced
CCE. Unlike cardiologists, the intensivist must be skilled in
all aspects of bedside imaging so that the number of exami-
nations required by the ACC/AHA statement to achieve
level 2 competence (150 TTE) should be regarded as mini-
mal standard for the clinician training in advanced CCE.

Proficiency in image interpretation requires reviewing a
large number of studies under the direct supervision of a
capable teaching echocardiographer. Cardiology fellows
spend many hours of attendance in the echocardiogram
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reading room with a senior reader to guide their training.
The intensivist must do the same. The skill is not amenable
to an autodidactic approach. From a practical point of view,
training is best achieved during the fellowship period. In
the United States, this can be accomplished by the fellow
during elective periods. Goodwill being present, the fellow
who is interested in advanced CCE can arrange to enter the
same echocardiology training sequence as followed by car-
diology fellows at their institution.

An important question is whether every intensivist
should seek training in advanced CCE. Competence in
basic CCE should be a required component of general criti-
cal care ultrasonography, given its clinical utility and ease of
training. It is also clear that advanced level training is not
required for most intensivists. The decision to pursue train-
ing in advanced training will be predicated upon the inter-
est level and practice requirements of the clinician. For a
large group of full-time intensivists providing service to a
busy ICU service, there is strong logic to having a few team
members with training to advanced level, while having all
team members proficient in basic CCE.

Clinical Applications of CCE

Assessment of Preload Responsiveness

Whether to give volume resuscitation to the patient in
shock is a regular question in the ICU. It may benefit some
patients (sepsis [13], hypovolemia of other types), but may
be harmful to others (acute cor pulmonale, dilated car-
diomyopathy). In addition, once the decision has been
made to proceed with volume resuscitation, it is important
to know when adequate volume has been given to the
patient. Fluid accumulation is associated with poor out-
come in the ICU [14, 15]. CCE allows determination of pre-
load sensitivity before the volume challenge is given to the
patient as well as of answering the question as to whether
the system requires continued volume resuscitation.

Basic CCE has some limited ability to identify the
patient with hemodynamic failure who is preload sensitive.
Lacking Doppler skills, the examiner is limited to measure-
ment of respiratory variation of IVC size in the patient who
is completely passive while on ventilatory support. Preload
sensitivity may be tested in patients who are on mechanical
ventilatory support providing the patient is not making any
respiratory effort in several ways. An inspiratory to expira-
tory variation of IVC variation >12% (maximum diameter
- minimum diameter divided by their mean) correlates
with volume responsiveness [16]. Qualitatively, an IVC <1
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cm in a hypotensive patient generally indicates preload
responsiveness [Slama, pers. commun.]. Respiratory varia-
tion of superior vena cava size is also a valuable method of
determining preload sensitivity with TEE but is limited by
the same constraints [17]; greater than 36% change in supe-
rior vena cava diameter between inspiration and expiration
indicates a high probability of response in cardiac output to
volume infusion.

Advanced CCE methods permit more sophisticated
methods for determination of preload sensitivity in patients
who are breathing spontaneously, triggering the ventilator,
or while passive on the ventilator. Initial studies examined
the effect of ventilator cycling on beat by measurement of
SV measured by analysis of Doppler flow in the descending
aorta [18], or at the level of the LV outflow. The method is
limited to patients who are fully adapted to the mechanical
ventilator and is related conceptually to measurement of the
variation in pulse pressure measured with an arterial line.
The results indicate that variation in SV of <12% is
strongly correlated with volume preload sensitivity. Several
recent studies have reported on passive leg raising as a
prompt but reversible internal volume challenge while mea-
suring SV and cardiac output using Doppler technique
[19-22]. These studies report that an increase in cardiac
output of <10% following passive leg raising is strongly
correlated with volume responsiveness. This is a particu-
larly interesting result as it works with patients who are
breathing spontaneously, triggering the ventilator, or with
atrial fibrillation. All previous methods have been limited
to patients who are in sinus rhythm and passive in their
interaction with the ventilator.

Normal individuals are preload sensitive. All of the tests
of volume sensitivity are only clinically relevant if the
patient is in shock. It is obvious that the patient with normal
perfusion status who is preload sensitive by echocardio-
graphic criteria should not receive volume resuscitation.

Diagnosis of Shock

Basic CCE has utility in identitying the category of shock by
assessing the size and function of the LV and RV, the peri-
cardial space, and preload responsiveness. Based on
straightforward echocardiographic findings, the clinician
may decide on volume resuscitation, pressors, inotropes,
treatment directed at acute cor pulmonale, or pericardial
drainage. Serial studies permit assessment of the effect of
therapy and further management decision. Limited, goal-
directed TTE and TEE have been reported to have clinical
utility [23, 24].
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Fig. 8. Apical four-chamber view of the heart. The right ventricle is
dilated.

Advanced CCE allows more complete assessment and
differentiation of the cause of shock. A pericardial effusion
with diastolic collapse of the right ventricle, systolic col-
lapse of the right atrium, and <25% inspiration decrement
of MV inflow (in spontaneously breathing patients only)
suggests tamponade physiology [25-27]. A dilated heart
with decreased LV systolic function in a hypotensive patient
is consistent with the diagnosis of cardiogenic shock
(online suppl. video 8). Myocardial ischemia results in seg-
mental wall motion abnormality with involvement of spe-
cific segments corresponding to specific coronary arteries.
Valvular abnormalities may cause shock. Severe AV or MV
stenosis may complicate hemodynamic failure from other
cause, or result in shock as a primary event. Mitral appara-
tus failure (ruptured chordae or papillary muscle resulting
in a flail leaflet) (online suppl. video 9) or severe damage to
the AV (online suppl. video 10) are both associated with
severe valvular regurgitation. Quantitative measurement of
valve function is a routine matter for the pulmonary critical
care medicine (PCCM) clinician trained in advanced level
CCE. Acute cor pulmonale may be caused by acute pul-
monary embolism or acute respiratory distress syndrome,
and is diagnosed by the presence of dilatation (RV end-
diastolic area/LV end-diastolic area >1) and dyskinesia of
the interventricular septum [28] (fig. 8) (online suppl.
video 11). An RV myocardial infarction causes RV dilata-
tion with decreased endomyocardial thickening of the RV
free wall and the inferior wall of the LV. Depending on pre-
load conditions and contractile function, vasodilatory
shock is associated with an LV of normal, decreased or
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enlarged size with varying contractile function. Severe LV
outflow obstruction may cause shock. Echocardiographic
findings include a late peaking dagger-shaped intracavitary
spectral Doppler signal that is often measured in midven-
tricle in conjunction with a hyperdynamic LV function.

Monitoring

Echocardiography is a useful monitoring tool. Following
the initial diagnostic examination, the intensivist may use it
in serial fashion to observe response to therapy and to fol-
low evolution of disease. Follow-up examinations are often
limited in scope. Following initiation of volume resuscita-
tion or inotropic support, repeat study is useful to check for
effect and to guide continued therapy. LV dysfunction often
occurs with sepsis. This warrants serial echocardiography
in order to guide the use of inotropic agents and volume
resuscitation, as well as to observe for improvement during
the course of the illness. An echocardiogram demonstrating
severe LV dysfunction in a patient with sepsis may label the
patient with this diagnosis indefinitely. A repeat study may
show complete recovery of LV function following treatment
of the sepsis. Serial echocardiography is useful with acute
cor pulmonale, in order to assess response to treatment.
Preload responsiveness does not need to be based on a sin-
gle assessment; echocardiography may be repeated to assess
for continued need for volume resuscitation.

Acute Respiratory Failure

Echocardiography allows assessment of the causes of respi-
ratory failure that are related to cardiac dysfunction.
Cardiac dysfunction causing hydrostatic pulmonary edema
must always be considered in the patient with respiratory
failure. Cardiogenic pulmonary edema may occur with nor-
mal systolic function (diastolic dysfunction pattern). Both
TTE and TEE allow Doppler measurements of MV inflow,
pulmonary venous inflow, and annular function that yield
qualitative estimates of PAOP [29-32]. This may be helpful
in determining whether respiratory failure is related to
hydrostatic pulmonary edema.

Code Team and Rapid Response Team Function

Recent generation portable hand-carried ultrasound units
now have very high-quality 2-D image and Doppler capabil-
ity. Both basic and advanced CCE echocardiography may
now be performed immediately by the ultrasound equipped
rapid response team. Likewise, echocardiography may be
integrated into cardiac arrest team function. For example, a
subcostal view is possible with minimal interruption of chest
compressions. Other views may be obtained very rapidly, in
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the immediate postresuscitation period. A limited echo
examination can change management during cardiopul-
monary resuscitation: a large pericardial effusion, an intra-
cavitary thrombus, an acute cor pulmonale pattern, a flail
leaflet, or continued cardiac contractions with absent pulse
or blood pressure are diagnoses that have a potentially life-
saving therapeutic response. Echocardiography also may
identify patients where continued cardiopulmonary resusci-
tation will not be successful [33] (online suppl. video 12).

Procedural Guidance

Echocardiography allows for safe drainage of pericardial
effusion [34]. It may be useful to guide insertion of transve-
nous pacermaker or pulmonary artery catheter.

TEE

Many groups have reported on the clinical utility and safety
of TEE in critically ill patients [35-44]. Proficiency in TEE
is therefore a desirable component of advanced CCE. In the
United States, it is still uncommon for intensivists to have
access and therefore competence with TEE. In some coun-
tries in Europe, this is not the case. In general, TEE is useful
when TTE image quality is inadequate to answer the clini-
cal question. This may occur predictably in certain patient
populations such as the massively obese, those with chest
wounds or dressings, and patients on high levels of positive
end-expiratory pressure. Posterior structures of the heart
are particularly well imaged with TEE. The use of TEE is
mandatory in situations where a detailed view of posterior

structures is required. The left atrium and its appendage,
the pulmonary veins, the intra-atrial septum, the proximal
pulmonary arteries, and the descending aorta are all well
visualized with TEE. Reliable evaluation for endocarditis
may require TEE. Pulmonary embolism may be visualized
in the proximal pulmonary arteries [45-47]. Typically, the
intensivist will perform TEE in patients who are already on
ventilatory support, so that the risk of the procedure is low.
The transducer is easy to introduce, particularly if done
under direct visualization using a standard intubation
laryngoscope. Transducer manipulation, image acquisition,
and image interpretation are straightforward and are in
some ways less challenging than TTE. North American
intensivists are encouraged to acquire TEE skills.

Conclusion

Echocardiography has major application in the ICU. It
allows rapid diagnosis and management of the critically ill
patient with cardiopulmonary failure. The frontline inten-
sivist is best positioned to acquire and interpret the images
at the bedside of the patient and to immediately integrate
this information into the overall management strategy.
Whether the intensivist chooses to develop proficiency in
basic or advanced level CCE depends on their practice
needs. Either way, competence in CCE gives the intensivist
a powerful and flexible tool of great utility in the ICU.
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Abstract

The use of ultrasound to guide central venous access has been sug-
gested as one of the most important measures we can incorporate
into our daily practice to improve patient safety. Though many physi-
cians have embraced this recommendation, up to 41% do not agree
that ultrasound guidance should be the standard of care for place-
ment of central venous catheters in the internal jugular vein. This
likely stems from a lack of knowledge of the relevant data as well as
unfamiliarity with the technique. This chapter will review the evi-
dence supporting ultrasound guidance for central venous access,
review the technique, and suggest a program to allow for sufficient
training. Copyright © 2009 S. Karger AG, Basel

Central venous catheterization is an essential component of
the care of hospitalized patients. There are a number of
indications for central line placement including hemody-
namic monitoring, frequent blood draws, difficult periph-
eral access, urgent hemodialysis, parenteral nutrition,
vasopressor support and long-term chemotherapy or
antibiotic administration. More than 5 million central
venous catheters (CVCs) are placed in the USA each year
with an estimated complication rate of >15% [1, 2].
Mechanical complications such as pneumothorax or arter-
ial puncture have been reported to be as high as 21%, and in
some series more than 35% of attempts are unsuccessful 3,
4]. Factors that affect the complication and success rate
include operator experience, urgency of placement and
patient factors such as body habitus, prior difficult cannula-
tion or coagulopathy [4-6].

Recent evidence suggests that placement of CVCs under
ultrasound (US) guidance increases 1st-pass and overall suc-
cess rate while decreasing complications. In the adult litera-
ture, there have been nine randomized trials (table 1) [7-15]
as well as two meta-analyses [16, 17] that support the use of

US guidance for the placement of internal jugular (IJ) CVCs.
These data led both the Agency for Healthcare Research and
Quality in the USA, and the National Institute of Clinical
Excellence in the UK, to recommend the use of US guidance
for CVC insertion [18, 19]. Many health care professionals
consider US guidance for CVC insertion the standard of care,
especially when used for the IJ vein position.

This chapter will review the technique of US central
venous catheterization as it pertains to the IJ, subclavian
(SC) and femoral vein sites. We will also provide recom-
mendations for incorporating US training and use into
daily clinical practice. The use of US for peripheral vein
cannulation or for peripherally inserted central catheters is
beyond the scope of this review.

Basic Physics of US Imaging

‘Ultrasound’ refers to sound with a frequency greater than
20kHz (i.e. above the range of audible sound for humans).
For the purposes of medical imaging the frequency used is
generally between 3 and 20 MHz. There are several reviews
describing the basic physics of US imaging. Briefly, an US
pulse is generated by applying a voltage to piezoelectric
crystals in the probe. The pulse is then directed into the tis-
sue which reflects the sound back towards the probe. The
reflected sound waves are then processed as an audio or
visual signal. Doppler US transforms the sound waves from
a moving object (i.e. red blood cells) into an amplified
audio signal. The venous waveform is sufficiently distinct
from the arterial waveform to allow localization of the cen-
tral veins from arteries. For vascular access, Doppler US has
been shown associated with a longer learning curve, takes



Table 1. Placement of CVCs under US guidance: nine randomized trials

Authors n Success, % 1st attempt, % Time, s Carotid
puncture, %
us landmark us landmark us landmark us landmark

Mallory et al., 1990 [7] 29 100 65 58 41
Troianos et al., 1991 [8] 160 100 96 73 54 61 117 1 8
Denys et al., 1993 [9] 1,230 100 88 78 38 9.8 445 2 8
Slama et al., 1997 [10] 79 100 76 43 26 95 235 14 12
Teichgraber et al,, 1997 [11] 100 96 52 15 51 0 12
Nadig et al., 1998 [12] 65 100 65 204 288 0 0
Hayashi and Amano, 2002 [13] 188 (RVD) 97 926 86 84

52 (no RVD) 100 78 86 30 0 13
Leung et al,, 2006 [15] 130 94 79 82 71
Karakitsos et al., 2006 [14] 900 100 94 17 44 1.1 10.6

RVD = Respiratory venodilation.

longer to use for CVC insertion and is associated with a
higher cost. As a result, Doppler guidance has been aban-
doned in favor of B-mode imaging. B-mode US (brightness
mode) converts the reflected sound waves into a real-time
grey scale image. Fluid (i.e. blood) is hypoechoic, and
appears dark on the screen, while tissue is more isoechoic
and appears grey. Unless otherwise stated the term US will
refer to B-mode for the remainder of this chapter.

Technique

Even when using the direct method, the intended site for
insertion should always be examined with US prior to cre-
ating a sterile field. This allows for the assessment of clot
and the degree of overlap of the target vein on the associ-
ated artery. Preprocedure US visualization can also help
identify possible vascular abnormalities that may impact on
the success of the CVC insertion. In one study of hemodial-
ysis patients, US abnormalities such as total occlusion,
nonocclusive thrombus, stenosis and anatomic variation
were found in 35% of patients prior to hemodialysis
catheter insertion in the IJ vein. This led to a change in site
selection in 75% of these patients [20].

There are two potential ways to use US to guide CVC
insertion: the indirect method and the direct method. The
indirect method involves visualizing the relationship
between the artery and vein and planning the best angle of
approach prior to creating a sterile field. US is not used dur-
ing the actual CVC insertion. The direct method uses US to
visualize the needle in real time as it enters the target vessel.
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One study comparing the direct to the both the indirect and
landmark methods for CVC insertion showed that while
use of either method improved outcomes when compared
to the landmark technique, direct US visualization was the
best method in terms of 1st-pass and overall success rate
[21]. Furthermore, since even minor changes in position
can greatly alter the relationship between the target vessel
and its surrounding structures, we advocate the use of
direct US guidance for CVC insertion.

In general, veins can usually be distinguished from arteries
since they are compressible, nonpulsatile, and distend with
the Trendelenburg position or Valsalva maneuver (online

suppl. video 1). If the suspected vein is not compressible, it @lideo

may signify that there is an intraluminal thrombus which may
or may not be seen directly by US. The IJ vein is typically ante-
rior and lateral to the artery although significant anatomic
variation exists, and it is crucial to note the effects of con-
tralateral head rotation on the degree of overlap of the carotid
by the IJ. The SC vein is usually inferior and anterior to the
artery.

Once the appropriate vein is selected, the site is prepped
and draped as per standard technique with full barrier pre-
cautions. The US probe is then placed in a sterile sheath. The
probe is placed vertically on a stand, or the assistant holds the
US probe vertically and conducting gel is applied to the probe.
The operator then inserts a hand into the sterile sheath, takes
hold of the probe and inverts the sheath over the probe to
make both the probe and cable sterile. Additional sterile gel is
then placed on the outside of the sheath to ensure adequate
coupling. If an assistant is not available, and one does not have
a stand with the US unit, the operator may hang the US probe

Garibaldi - Kopman



from an IV pole, place sterile gel inside the sheath, and then
grasp the probe from the pole, inverting the sheath as before
to make the probe and cable sterile.

Once the US probe is inside the sterile sheath, it can be
placed safely on the sterile field to allow the operator time
to prepare the CVC insertion kit. Before beginning, it is
important to make sure that the US screen is at a comfort-
able distance from the operator, and when possible, in the
same line of vision as the desired insertion site. This will
allow the operator to look back and forth from the US
screen to the insertion site with minimal effort.

There are two possible methods for direct US-guided
CVC insertion: the ‘one-handed’ method or the ‘three-
handed” method. In the one-handed method, the operator
holds the US probe in the nondominant hand and the nee-
dle in the dominant hand. The ‘three-handed” method
requires an assistant in full sterile barrier precautions to
hold the US probe while the operator directs the needle into
the target vessel. While the ‘three-handed’ method may be
easier for inexperienced operators learning how to place
CVCs initially, the ‘one-handed’ method has been shown to
improve 1st-pass success and overall procedural success
when compared to the ‘three-handed’ method [21]. It also
has the benefit of not requiring another operator in sterile
precautions, and eliminates the need for communication
between the primary operator and the assistant for proper
positioning of the US probe. This is especially valid when
using the transverse view as it is important to follow the
needle tip into the vessel. With two operators, the operator
controlling the US probe may see a hyperechoic dot that
represents the middle of the needle as opposed to its tip.
The ‘one-handed’ technique is the preferred method of US-
guided CVC placement at our institution. As mentioned
previously, using the US to mark the skin and proceed with-
out real-time guidance is not recommended since many
factors may alter the original position of the target vessel
and its surrounding structures.

Once the desired method has been chosen, the target
vein and associated artery are identified with US and cen-
tered on the screen. It is important at this time to pay care-
ful attention to other objects on the US screen since in
addition to minimizing arterial overlap, a path should be
chosen that avoids any adjacent lymph nodes or muscle
tissue. In order to help minimize this risk, the operator
should use standard anatomic landmarks as the initial start-
ing point of US probe placement and adjust the position
accordingly to obtain the best view of the target vessel. It is
thus important to remember the relationship of the US
probe to the US screen. For this reason, all US probes have a

Use of US for Central Venous Access

groove or other mark that corresponds to a dot (or other
mark) on the US screen. Prior to needle insertion (for the
transverse approach) the operator should orient the probe
such that the left of the probe is the left of the screen.

After an appropriate site has been identified, the lido-
caine needle is inserted through the skin directly anterior to
the vessel, and the wheal of subcutaneous lidocaine is visu-
alized with the US as an enlarging hypoechoic area in the
center of the screen. After allowing the topical anesthetic to
take effect, the introducer needle is inserted into the same
location. A ‘finder’ needle is not necessary as the target vein
puncture will occur with real-time guidance. If using the
‘one-handed’ method, the operator may need to put the US
probe down in order to pull the skin taut to allow the intro-
ducer needle to penetrate the skin. Once the introducer
needle is through the skin, the probe is picked up with the
nondominant hand and used to guide the needle into the
vessel. The introducer needle will indent the anterior vein
wall and may even penetrate the posterior wall, resulting in
a flash of venous blood upon withdrawal of the needle. This
‘double-wall’ puncture occurs about 15-20% of the time
and is directly related to the diameter of the target vessel
[22]. This underscores the importance of choosing a site,
head position, and angle of needle insertion that minimizes
arterial-venous overlap.

Passage of the introducer needle into the IJ vein can be
performed either with a transverse (short axis) view or a lon-
gitudinal (long axis) view (fig. 1). The transverse view has
been associated with a shorter learning curve and can more
easily identify smaller vessels. The longitudinal view provides
better visualization of the advancing needle tip and may
reduce the risk of posterior vessel wall perforation or injury.
If using the transverse view, it is critical to follow the advanc-
ing needle tip with the US, making sure the plane of the US is
not too proximal or distal (fig. 2). If using the longitudinal
view, one needs to keep the US and needle in the same plane.

A needle guide is also available to assist with insertion of
the introducer needle. This is a piece of plastic that attaches
to the US probe over the sterile sheath. It is designed to angle
the needle so that it will intersect with the center of the US
beam at a given depth. There are different needle guides for
different depths. Needle guides have been shown to improve
Ist- and 2nd-pass success rates, but have not been shown to
decrease the number of arterial sticks when compared to US
guidance without the use of a guide. We generally find nee-
dle guides to be cumbersome, and an added step that is gen-
erally not required for more experienced operators.

Once the target vein is entered with the introducer nee-
dle, the US probe is placed on the field and the typical mod-
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Fig. 1. Longitudinal and transverse view of right IJ and carotid (see
online suppl video 2).

ified Seldinger technique is used to place the CVC. If there
is any doubt as to whether or not the wire has been passed
into the vein or artery, the US can be used to confirm wire
placement in the target vessel prior to dilation.

Site-Specific Issues

IJ Vein
Most of the available evidence for the utility of US-guided
CVC placement comes from studies that looked at the IJ vein
site as the primary location [7-13, 16, 17, 23]. One possible
reason for the beneficial effects of US in the IJ vein location is
that the landmark technique does not allow for evaluation of
arterial-venous overlap. In a prospective study of 1,136
patients, 54% of patients had more than 75% overlap of the
carotid artery and IJ vein when the proposed path of the nee-
dle by landmark technique was examined by US [24]. It has
been shown that contralateral head rotation increases the
degree of overlap of the carotid by the I]. As a result, if there is
significant overlap of the IJ vein and carotid artery under US
examination, the head should be returned to the neutral
position and the relationship reexamined at varying degrees
of head rotation before attempting US-guided cannulation.
US also allows for evaluation of IJ symmetry prior to
choosing the ideal side of the body for attempted CVC
insertion. There is considerable anatomic variation between
patients, with more than 60% having a 2-fold difference in
the size of the left and right IJ. Since vessel diameter is
related to risk of posterior wall puncture [22] and likely
overall success, US guidance allows the operator to choose

72

both the optimal side and neck position prior to attempted
IJ vein CVC insertion.

SC Vein

Some authors have suggested that given the more reliable
anatomic position of the SC vein and the interference of the
clavicle with obtaining a high quality image, the use of US
guidance may actually hinder the placement of SC vein
CVCs [1]. Unfortunately, there are limited data available to
assess the efficacy of US for SC vein CVC insertion. One
study in inexperienced operators showed that success rate
improved from 44% with the landmark technique to 92%
with US guidance while decreasing complication rate and
number of needle sticks. Furthermore, failed landmark
attempts could be converted to successful CVC placements
with US ‘salvage’ 80% of the time [25]. Other studies that
failed to show a benefit of US relied on Doppler and thus
may not be applicable to the current B-mode US machines
that most operators use. Some authors have advocated using
US to enter the axillary vein more laterally in the infraclavic-
ular position. However, since anatomic landmarks are not as
reliable in this position, it is difficult to extrapolate these
results to the more traditional landmark SC vein approach.
At our institution we typically attempt SC vein cannulation
using the landmark technique and use US guidance only as a
‘salvage’ strategy. Further work needs to be done to better
evaluate the role of US in the insertion of SC vein CVCs.

Femoral Vein

As with the SC vein there is minimal evidence for the effect
of US guidance on the placement of femoral vein catheters.
In one randomized study of hemodialysis patients, US
guidance was shown to improve 1st-pass success rate and
overall procedural success, while reducing the number of
femoral artery sticks, hematomas and the total length of the
procedure [26]. Since femoral veins CVCs are known to
have a higher incidence of both infectious and mechanical
complications, most notably catheter-related bloodstream
infections and deep venous thrombosis [2], the placement
of femoral catheters is strongly discouraged at our institu-
tion, especially in critically ill patients. As a result, most
femoral vein CVCs are placed in emergency situations
where US guidance may or may not be readily available.
These results suggest that if femoral vein CVC insertion
needs to be undertaken for emergency reasons, it should be
attempted with US guidance if the US device, and an opera-
tor trained to use it, are readily available. For an elective, but
unavoidable, femoral vein CVC insertion we recommend
the routine use of US guidance.
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Fig. 2. Transverse US showing relationship of US plane to advancing needle tip (see online suppl video 3).

Confirming Line Placement

In addition to placement of CVCs, there is some evidence to
suggest that US examination may be helpful in assessing for
mechanical complications such as catheter tip malposition or
pneumothorax. In one study of 85 CVC insertions, 10 mis-
placements and 1 pneumothorax were observed. The pneu-
mothorax and all but one of the misplacements were detected
by bedside US after the procedure. The time to obtain US
confirmation was on the order of minutes, while radiographic
confirmation routinely took longer than 1h [27]. Another
study looked at real-time US to assess for abnormal catheter
or guidewire position in the ipsalateral IJ vein during SC vein
CVC insertion. Using this approach, 42 of 49 (86%) malposi-
tioned catheters were detected during the procedure and 81%
were able to be repositioned at the time of detection [28]. The
benefits of US confirmation are readily apparent — decreased
time until the line can be used, decreased radiation exposure
to the patient, and in some cases, real-time correction of aber-
rant placement that might decrease the time, risk and cost of
the procedure. The use of US confirmation of CVC insertion
may become more commonplace in the future as more
physicians are trained in the use of bedside US. However, it
has still not supplanted radiography as the standard of care in
assessing for mechanical complications.

US Machine Requirements

US units have become smaller and more portable in recent
years, making them well-suited for the ICU environment.
For vascular access, a 7.5- to 10-MHz linear array trans-
ducer provides the best resolution and sufficient depth of
visualization. There are a number of machines available,
some designed specifically for vascular access, others with
broader US applications. In addition to the US unit and
transducer, sterile sheaths and sterile US gel are a necessary
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investment. A conservative estimate for the initial outlay
required to perform US-guided CVC insertion is USD
25,000-40,000.

Cost Effectiveness

Given the initial expense and the fact that experienced
operators are able to safely place CVCs with the landmark
technique, it is reasonable to ask whether or not US-guided
CVC insertion is cost-effective. A conservative analysis of
US guidance in the National Health Service in the UK
found that US use added only GBP £10/procedure, while
potentially saving GBP £2,000 for every 1,000 procedures
performed (assuming 90 prevented complications/1,000
procedures) [29]. It appears, at least in this analysis, that the
use of US ultimately saved the health system money by
avoiding potentially costly complications.

Implications for Training Programs

The use of US as both a diagnostic and procedural tool is
not limited to radiologists. It is the responsibility of individ-
ual programs and hospitals to develop training and creden-
tialing guidelines and to then incorporate them into our
daily practice and fellowship training programs. A compre-
hensive approach to developing a formal training program
for US-guided CVC insertion has been presented elsewhere
[30].

Procedural skill requires integration of a knowledge base
and psychomotor skill sets. In general, the learning curve
for US vascular access is much steeper than other US proce-
dures such as echocardiography and abdominal trauma
exams. There are, however, no prospective data examining
the appropriate amount of training and experience required
to become proficient at US-guided CVC insertion. For the
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landmark technique, operators who have performed more
than 50 insertions have half the complication rate of opera-
tors who have performed less than 50 [4]. For the operator
who is already an expert at landmark CVC insertion we
suggest 2-3 h of didactics, 2-4h of lab training, and 5-10
proctored examinations as a minimum to ensure compe-
tency in US-guided CVC insertion, recognizing that certain
operators may require more or less experience to become
proficient. Lab training should include exposure to a variety
of US units that the operator may encounter in clinical
practice, examination of normal vascular anatomy on
healthy volunteers as well as hands-on simulation with vas-
cular access models. If possible, lab training should also
include visualization of abnormal anatomy such as intralu-
minal thrombus, significant arterial-venous overlap or even
anatomy in obese patients, since these factors all decrease
the rate of success in landmark-based attempts. The proc-
tored examinations should include US evaluation of normal
anatomy followed by CVC insertion attempts on vascular
models or simulators. Following this initial training, opera-
tors should undergo a knowledge assessment of the basics
of US-guided CVC insertion to ensure that they have a firm
grasp of the fundamental issues and techniques of US use.
For the physician who is already experienced in CVC place-
ment, we would recommend 2 proctored exams on real
patients followed by a review of the next 5 US-guided
CVCs.

Quality improvement measures need to be in place to
ensure a comprehensive review of all complications. Skill
maintenance is critical as well — at least 10 US-guided CVCs
should be performed each year in order to maintain an
acceptable level of proficiency.

Barriers to the Use of US for CVC Insertion

Despite the growing evidence that US guidance improves
both success rate and safety of CVC insertion, especially in
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the IJ vein site, there has been some delay in adopting US
into daily clinical practice. A survey of 250 anesthetists in
the UK found that 41% disagreed with the recommenda-
tion that US imaging should be the preferred method for
insertion of a CVC into the IJ vein [31]. In addition to the
initial financial investment required to establish a program
for US-guided CVC insertion, there are other barriers to its
widespread use. One such barrier is the lack of knowledge
among practitioners that US improves outcomes, a factor
that has been directly related to the frequency of its use.

Limitations of US

It is important to recognize that while the current data sug-
gest improved success rate and decreased risk of arterial
puncture with US guidance, there are no prospective data
linking US use to long-term outcomes such as mortality,
length of stay, catheter-related bloodstream infections or
catheter-related thrombosis. As mentioned previously,
while the evidence is compelling for the IJ vein position,
there is a relative paucity of information regarding US in
other central venous access sites.

Conclusion

US has become an integral part of the examination and care
of hospitalized patients. US-guided CVC insertion is rela-
tively easy to learn and has been shown to decrease compli-
cations while improving both 1st-pass and overall success.
For many physicians it has already become the standard of
care. We strongly recommend the use of US guidance for
CVC insertion in the IJ vein. We encourage US use for
femoral vein CVC insertions where possible. We also advo-
cate the use of US in SC vein insertion attempts, especially
when anatomic landmarks are difficult to appreciate or the
landmark approach has been previously unsuccessful.
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Abstract

Lung ultrasonography is a useful tool in the intensive care unit. It is
superior in many respects to standard supine chest radiography, and
its immediate availability allows the intensivist to rapidly assess the
patient with acute respiratory failure at the bedside. It is easy to learn
and straightforward in its bedside application; therefore, the inten-
sivist ultrasonographer should consider it as a key component of
their skill set. Copyright © 2009 S. Karger AG, Basel

Lung ultrasonography is easy to perform, simple to learn,
and has excellent clinical utility for the critical care clini-
cian. This chapter will review applications of lung ultra-
sonography that are specific to critical care practice. A
complete discussion of lung ultrasonography as related to
pulmonary medicine may be found in chapter 3, see pp.
22-33.

Historical Perspective

Lung ultrasonography in the intensive care unit (ICU) is a
bedside technique. It is not conducive to static image
analysis, but rather lends itself to dynamic bedside scan-
ning. As a result, traditional radiologists were not instru-
mental in the development of the field. A frontline
intensivist, Dr. Daniel Lichtenstein, has been largely
responsible for developing the field of critical care lung
ultrasonography. In the 1990s, he published a series of
definitive reports that established the basis for the field. He
is responsible for the standard semiology of lung ultra-
sonography. Based upon this original work, other groups
have published reports that have expanded and validated
these techniques.

The Physics of Lung Ultrasonography

The difference in velocity of ultrasound and acoustic imped-
ance between air and tissue is large, leading to reflection of
the ultrasound wave at any tissue-air interface. In addition,
air has an unfavorable attenuation coefficient. This leads to
the homogeneous amorphic grayness that occupies the
ultrasound screen beyond a tissue-air interface. This blocks
any attempt to scan through air to deeper body structures.
For the same reason, structures that are surrounded by air
are not discernable to the ultrasonographer.

As lung parenchyma is normally filled with air, the lung is
not visible as a discreet structural entity with ultrasonogra-
phy. However, when air is displaced from the lung by a dis-
ease process, ultrasound findings change in a predictable
fashion. The findings of lung ultrasonography relate to the
ratio of air to fluid within the lung. Edematous lung, though
still aerated, has air artifact patterns that are different than
normally aerated lung. Likewise, lung that is consolidated
from pneumonia or atelectasis (i.e. airless) appears as a well-
defined hyperechoic structure. While aerated lung will block
ultrasonographic visualization of an abnormality deep
within the lung, most lung processes that are of interest to
the intensivist (e.g. pneumonia, hydrostatic pulmonary
edema, lesional edema) extend to the periphery of the lung.

Machine Requirements

Lung ultrasonography may be performed with practically
any ultrasound machine with 2-dimensional (2-D) scan-
ning capability. A 3.5- to 5.0-MHz transducer of microcon-
vex sector design works well as it fits between the
intercostal spaces. Vascular transducers of higher frequency



may also give acceptable images, though they have limited
penetration in patients with a thick chest wall. Cardiac
transducers are useful, as they can also be used for general
critical care ultrasonography (e.g. cardiac, pleural, abdomi-
nal). Linear transducers, however, may be difficult to fit
between the rib spaces when scanning in a longitudinal ori-
entation in the slender individual. Expensive newer genera-
tion ultrasound machines may yield inferior lung
ultrasound images. They often contain sophisticated image
smoothing software that is appropriate for echocardiogra-
phy but degrades near-field resolution and visualization of
air artifact, which is critical in lung ultrasonography. All the
important features of lung ultrasonography were described
by Lichtenstein using a simple 2-D machine manufactured
in the early 1990s. The intensivist should always test the
machine for its intended application before any purchase.
Some machines permit override of image smoothing tech-
nology in order to obtain basic or fundamental image qual-
ity. Doppler capability is not required for critical care lung
ultrasonography.

How to Perform Lung Ultrasonography

Unlike chest radiography or chest computed tomography
(CT) where the radiologist and intensivist interpret a static
image, lung ultrasonography relies on dynamic image
acquisition performed by the intensivist at the bedside of
the critically ill patient. Compared to the ambulatory
patient, lung ultrasonography is often more difficult in the
ICU, as the patient is frequently supine. Generally, the
transducer is held in a longitudinal orientation and perpen-
dicular to the skin surface. By moving the transducer along
a series of longitudinal scan lines while imaging through
adjacent interspaces, the examiner can perform a complete
lung examination in an efficient manner while constructing
a 3-dimensional image of the thorax. It is helpful to exam-
ine the thorax using an organized section approach, so that
results can be referenced to a particular area. The chest is
divided into an anterior and lateral zone. The former is bor-
dered by the sternum and the anterior axillary line, while
the latter lies between the anterior and posterior axillary
lines. Typically, the anterior chest is examined first, fol-
lowed by the lateral thorax. In examining the lateral thorax
in the longitudinal scanning plane, it is essential that the
intensivist first identifies the hemidiaphragm. The
diaphragm is a curvilinear, hyperechoic structure that sepa-
rates the abdominal compartment from the thorax. The
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posterior region lies behind the posterior axillary line. This
is frequently an important area to image, as pleural effu-
sions and posterior consolidations are found in the depen-
dent thorax. To image these areas, the transducer may have
to be pressed into the patient’s mattress and angled towards
the center of the body. In order to completely examine the
posterior lung in the supine patient, the patient may be
placed in the lateral decubitus position. As with the anterior
and lateral exam, lung ultrasonography is then performed
by applying the transducer at multiple interspaces on the
back.

Important Findings of Lung Ultrasonography

Lung ultrasonography is superior to standard supine radi-
ography and similar to chest CT in detecting many findings
that are important to the intensivist. It is able to detect lung
consolidation, alveolar-interstitial fluid accumulation, nor-
mal aeration pattern, pneumothorax and pleural fluid [1].
The important findings of critical care lung ultrasonogra-
phy are as follows.

Lung Sliding

A lung image obtained with a 3.5-MHz transducer is shown
in video 1 (online suppl. video 1). The depth has been
adjusted to examine the pleural interface. The transducer is
held perpendicular to the skin surface in a longitudinal ori-
entation and centered between an intercostal space. The rib
shadows are present on either side of the image and the
pleural line appears as a horizontally orientated hypere-
choic line approximately 0.5 cm deep to the origin of the rib
shadows. The pleural line represents the interface of the vis-
ceral and parietal pleural surfaces. Normally, the two
pleural surfaces move across each other during the respira-
tory cycle. This causes the finding of lung sliding, which is
seen as movement of the pleural line in synchrony with the
respiratory cycle (online suppl. videos 2 and 3). The chest
wall is immobile and separated from the underlying lung
aeration pattern by the mobile pleural line. In addition to
lung sliding that occurs with the respiratory cycle, the
pleural line may move in synchrony with cardiac pulsation.
This movement, termed lung pulse, is caused by the force of
the cardiac pulsation being transmitted to the lung and
hence to the visceral pleura (online suppl. videos 4 and 5).
Real-time 2-D scanning is required to detect lung pulse and
sliding lung. Like lung sliding, lung pulse indicates that the
visceral and parietal pleural surfaces are apposed at the site
of transducer application.
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Lung sliding (and/or lung pulse) is a key finding of lung
ultrasonography as it rules out pneumothorax at the point
of transducer application with a very high level of certainty
[2]. Multiple sites may be quickly examined for sliding lung
in order to exclude pneumothorax. As a loculated pneu-
mothorax is very uncommon, pleural air will generally dis-
tribute anteriorly in the supine patient. Therefore, the
presence of sliding lung on the anterior chest allows the
intensivist to exclude pneumothorax with confidence.
Several groups have reported on the superiority of ultra-
sonography to rule out pneumothorax when compared to
supine chest radiography [3-6].

The absence of sliding lung (online suppl. video 6 and
online suppl. video 5b, chapter 3) may be caused by
pneumothorax, but it has other causes as well. For exam-
ple, apnea ablates sliding lung. Selective mainstem
bronchial intubation with blockage of the contralateral
mainstem by the endotracheal tube cuff [7], as well as
any other cause for mainstem occlusion (e.g. mucous
plug, tumor, blood clot, foreign body), will cause loss of
lung sliding on the side of the blockage. Lung pulse will
remain on the effected side indicating full lung inflation.
Furthermore, pulmonary diseases that reduce lung infla-
tion such as severe ARDS or pneumonia can cause loss of
lung sliding. Pleural symphysis from any cause will result
in loss of lung sliding. Therefore, the presence of lung
sliding indicates that there is no pneumothorax, while
the absence of lung sliding only indicates that there may
be one. [8].

Lung Point

The finding of lung point is diagnostic for the presence of
pneumothorax. The lung point is found at the site where
partially collapsed lung is still apposed to the inside of the
chest wall. Some pneumothoraces are total (i.e. the lung is
completely collapsed), but most are partial with some
remaining apposition of the visceral and parietal pleura.
With careful technique, the examiner searches for the site at
which the two pleural surfaces periodically meet. It appears
as intermittent lung sliding, because the collapsed lung to
some extent still inflates synchronously with the respiratory
cycle (online suppl. video 7). Designated as the lung point,
this finding is diagnostic of pneumothorax [9].
Unfortunately, while 100% specific for pneumothorax, it is
relatively insensitive and related to operator experience.
Detection of lung sliding is an entry-level skill, while lung
point requires more experience.
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Fig. 1. Standard lung ultrasound image with 3.5-MHz transducer in
longitudinal plane showing rib shadow artifacts, the pleural line, and
Alines.

A Lines

Lung that is normally aerated has a characteristic pattern of
air artifact designated as A lines. A lines are horizontally
orientated lines seen deep to the pleural line (fig. 1) (online
suppl. videos 1-3). They represent reverberation artifacts
from ultrasound reflection between the pleural surface and
the outer surface of the chest wall. Therefore, their depth is
a multiplicative of the distance between the skin surface and
the pleural line. If lung sliding is present, A lines are consis-
tent with normal aeration pattern. A lines correlate strongly
with a normal aeration pattern on CT scan [1]. They are,
however, also found when a pneumothorax is present, and
in the situation where there is no pneumothorax and absent
lung sliding (see above). When evaluating findings such as
A lines or B lines (see below), the depth setting on the
machine should be set to image deeper structures. When
examining for sliding lung, the depth setting should be set
for imaging near structures.

B Lines

Lung that is edematous has a characteristic pattern of air
artifact designated as B lines (fig. 2) (online suppl. video 8).
B lines are strictly defined as one or more mobile vertically
orientated lines that originate at the pleural interface. They
must efface A lines where the two intersect. They always
extend in a ray-like fashion to the bottom of the viewing
screen, and they generally move synchronously with lung
sliding. They may, however, be immobile in the absence of
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Fig. 2. Standard lung ultrasound image with 3.5-MHz transducer in
longitudinal plane showing B lines.

pleural movement. B lines are also called comet tails or lung
rockets.

B lines are caused by ring-down artifact derived from
small subpleural fluid collections or tissue densities. Their
presence excludes pneumothorax [10]. B lines are strongly
correlated with an alveolar/interstitial pattern abnormality
seen on CT scan (ground glass or reticular pattern abnor-
mality) [1], and are characteristic of lung edema [11-15].
Any process that involves the interstitium of the lung such
as inflammation, neoplasm, or scarring may also result in B
lines. B lines may occur both focally or diffusely. Normal
individuals may have a few B lines in the lower lateral chest.
Multiple B lines over the anterior chest strongly suggest the
presence of significant pulmonary edema. Anecdotally,
lesional pulmonary edema (e.g. ARDS) results in a nonho-
mogeneous distribution of B lines, whereas hydrostatic pul-
monary edema results in a homogeneous pattern.

Consolidation

Lung that is consolidated takes on the appearance of tissue
density under ultrasound [16]. Consolidated lung has
echogenicity that is similar to that of the liver, hence the
term sonographic hepatization of the lung. With scanning
depth set to examine deeper structures, areas of lung consol-
idation may be readily identified. A skilled examiner can
identify focal areas of ultrasonographic lung consolidation
down to the segmental level (fig. 3, 4) (online suppl. videos
9-11). Consolidated lung may have within it hyperechoic
foci that are caused by small amounts of air in the bronchi.
These represent sonographic air bronchograms and suggest
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Fig. 3. Standard lung ultrasound image with 3.5-MHz transducer in
longitudinal plane showing alveolar consolidation and a small
pleural effusion. There are some B lines at the interface of the lung
consolidation and the aerated lung.
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Fig. 4. Standard lung ultrasound image with 3.5-MHz transducer in
longitudinal plane showing alveolar consolidation with a large
pleural effusion. The consolidated lung is atelectatic. See similar situ-
ation in chapter 3, figure 3, p. 24.

that the bronchus supplying the effected area is patent. The
hyperechoic foci may be mobile, which represents move-
ment of air within the bronchus during the respiratory cycle.
Consolidation found with lung ultrasonography is strongly
correlated with its presence on chest CT [1]. The finding of
lung consolidation on ultrasonographic examination does
not imply any particular diagnosis. Pneumonia may result in
lung consolidation pattern, but lung atelectasis of any cause,
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severe ARDS with dependent distribution, or an infiltrative
tumor (e.g. broncoalveolar carcinoma) may all result in a
consolidation pattern on ultrasound. Consolidation on lung
ultrasonography is similar to the finding of consolidation on
chest radiography or CT scanning; the clinician must deter-
mine the cause.

The Clinical Utility of Lung Ultrasonography

A simple application of lung ultrasonography is in assessing
the patient for procedure-related pneumothorax following
thoracentesis or central line access. If the sliding lung is
documented before the procedure, and is then determined
to be present after the procedure, no pneumothorax has
occurred. If, on the other hand, sliding lung is absent fol-
lowing the procedure, the probability of procedure-related
pneumothorax is very high. If the clinician uses ultrasonog-
raphy for procedural guidance, checking for sliding lung
should become a routine part of the procedure. This is par-
ticularly useful in patients who are on mechanical ventila-
tory support. In this population, a pneumothorax is
particularly dangerous, as it may be under tension. Lung
ultrasonography is a very rapid means of ruling out post-
procedure pneumothorax in the patient on a mechanical
ventilator. In addition, it is useful in the emergency evalua-
tion for pneumothorax in cases of thoracic trauma [3, 4, 6].

Chest radiography in the critically ill patient is often dif-
ficult to interpret. Rotation, penetration, and projection
artifact are common problems. The radiograph often shows
nonspecific radiodensity due to summation artifact. Lung
ultrasonography is an excellent means of clarifying the
results of an ambiguous chest radiograph in the ICU.

The immediate bedside availability of lung ultrasonogra-
phy makes it useful for rapid evaluation of acute desaturation
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what is a potentially life-threatening situation. Ultrasono-
graphy can be used to rule out pneumothorax and mainstem
bronchial block (endotracheal tube movement or mucous
plugging), as well as to evaluate for acute pulmonary embolism
or pulmonary edema [1].

A major application of lung ultrasonography is for the
rapid evaluation of acute respiratory failure. Lung ultra-
sonography allows prompt identification of the cause for
acute respiratory failure in rapid response team events, the
emergency department, and at the bedside of the acutely
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Abstract

Physician-performed pleural ultrasonography has assumed a promi-
nent role in the evaluation and management of pleural disease in the
intensive care unit (ICU). Sonography can be used to rapidly diag-
nose pneumothorax, to evaluate pleural effusions, and to differenti-
ate parenchymal lung disease from pleural disease. Interpretation of
the images obtained by ultrasonograpy is based on the understand-
ing of artifact to visualize normal and abnormal lung and pleura as
well as to identify the surrounding structures. Pleural sonography
may decrease the need for CT imaging, especially for guidance of
drainage procedures, thus decreasing risk inherent to the transport
of the critically ill. Among the numerous applications of sonography
in the ICU, pleural sonography is distinguished by its relative simplic-
ity and is therefore a natural choice as the first foray into the field by
a beginning sonographer. Copyright © 2009 S. Karger AG, Basel

Pleural ultrasonography is a standard imaging modality in
the management of pleural disease in the intensive care unit
(ICU). Pleural disease in the ICU is generally encountered
as a pleural effusion or as a pneumothorax. Not only is
sonography superior in the detection and characterization
of pleural effusion than standard chest radiography, it is
also indispensable for the guidance of pleural interventions
at the bedside. Furthermore, pleural sonography allows dif-
ferentiation of pulmonary pathology from pleural disease
far better than physical examination and standard chest
radiography. Pneumothorax in the ICU is usually encoun-
tered as a complication of central line placement, of thora-
centesis, or as a complication during mechanical ventilation,
i.e. barotrauma. In these situations, sonography can provide
instant information regarding the presence or absence of
pneumothorax. While ultrasonography is the most useful
bedside imaging modality in the ICU as far as pleural dis-
ease is concerned, computed tomography (CT) remains

superior for complete imaging of the pleural space.
However, the role of CT imaging, and especially CT guid-
ance for procedures, clearly changes with the introduction
of physician-performed pleural sonography. The use of
pleural sonography in the critically ill allows earlier and
more frequent assessment as well as more accurate charac-
terization of pleural disease than standard chest radiogra-
phy combined with physical examination, and eliminates in
many cases the transport risk associated with off-site CT of
the chest.

The advantage of ultrasonography in the ICU is the
rapid bedside diagnosis of various conditions including
pleural effusion, pneumothorax, atelectasis, consolidation,
and pulmonary edema. While pleural sonography often
results in anatomically correct imaging, the presence of air
in the chest, physiologically as aerated lung or as pneu-
mothorax, requires the physician sonographer to be famil-
iar with air and other imaging artifacts. One might say that
the dynamic nature of sonographic imaging and the proper
recognition and interpretation of imaging artifact is the
fundamental difference between pleural sonography and
traditional radiographic modalities.

Hardware for Pleural Sonography

Simple two-dimensional ultrasound machines are suitable
for pleural ultrasonography. Transducers with frequencies
between 3 and 5 MHz and a small footprint, such as sector
scanning or convex array transducers, are preferred due to
the necessity of imaging between ribs and the acceptable
compromise between near field resolution and penetration.
In contrast to echocardiography, good near field resolution



is a requirement in pleural sonography in order to accu-
rately determine depth of needle penetration during thora-
centesis. As a consequence, some echocardiography
machines are suboptimal for pleural sonography.

Imaging

Image acquisition in pleural sonography is straightforward
and simpler in concept than many other ultrasound appli-
cations. By convention, the mark on the ultrasound trans-
ducer is directed cranially and the corresponding mark on
the screen is placed in the left upper corner. Thus the orien-
tation of a typical pleural sonography image is with the
head to the left and the feet to the right. During interven-
tional real-time imaging, other than standard orientations
are used in order to align the image plane with the hardware
to be imaged. Sufficient coupling medium must be used in
order to minimize artifacts and improve image quality. The
transducer is placed on the lower chest and moved circum-
ferentially around the chest at various levels. Any abnor-
mality found is examined further as appropriate. In the
critically ill, supine patient, this technique needs to be
adapted as needed, and a helper may be needed to complete
the examination.

In most cases, ultrasonography of the pleura is goal
directed and is used to further characterize an opacity seen
on the standard chest radiograph or CT. Such focused use
of pleural sonography significantly decreases examination
time and need to change patient positioning.

Artifacts

Ultrasonography in general and chest ultrasonography in
particular are beset by image artifacts. Although artifacts
occur in pleural sonography, it is also true that artifacts are
useful in many instances, and their correct interpretation is
key in the successful clinical application of pleural sonogra-
phy. The most common artifacts in pleural sonography are
rib shadows and air artifact which are present to some
degree in almost every pleural ultrasonographic image. Rib
shadows are mainly an impediment to imaging and should
not be misinterpreted as anechoic fluid. Alternately, air arti-
facts such as B lines, the curtain sign, and indirect air arti-
facts such as the reverberation lines in pneumothorax are
put to good use in pleural ultrasonography (see below).
Another more onerous artifact is the general image degra-
dation caused by obesity or edema, which makes accurate

Pleural Ultrasonography in the ICU

Fig. 1. The normal pleural reflection is seen as a bright line inter-
posed between the chest wall and the lung. The apparent thickness
of the pleural reflection is not the actual thickness of the pleura but is
rather a reflection artifact.

assessment of echogenicity of underlying structures diffi-
cult. Subcutaneous emphysema may make the ultrasound
examination impossible [1]. Many artifacts do not move
with the underlying structures and may disappear or be
attenuated with small changes in transducer angle, and will
not interfere with the interpretation of images once some
experience has been gained.

The Normal Pleura

The normal pleura appears as a highly echogenic line
between the chest wall and the aerated lung (fig. 1). With 3-
to 5-MHz transducers as used in pleural sonography, the
visceral and parietal pleural layers cannot be distinguished
due to their thickness of only 0.2-0.4 mm [2, 3]. However,
this inability to visualize the pleural layers is not clinically
relevant. One clinically relevant finding related to normal
pleura is lung sliding, which is a respirophasic to and fro
movement of the lung and visceral pleura relative to the
parietal pleura (see below). Lung sliding in the sponta-
neously breathing patient is most prominent in areas with
most displacement during respiration, i.e. the lower chest
(online suppl. video 5, chapter 3). The other dynamic find-
ing is the lung pulse which is caused by cardiac action and is
consequently most prominent close to the heart [4]. The
mediastinal and most of the diaphragmatic pleura cannot
be visualized in the normal condition because of the inter-
position of aerated lung. In the presence of pleural effusion,
examination of these areas is often possible.
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Pleural Effusion

Pleural effusions are common in the ICU setting but most
are small, typically due to edematous states or ARDS, and
do not require further evaluation and treatment. Large effu-
sions or effusions suspected as sites of infection require fur-
ther diagnostic evaluation. On the chest radiograph, a
minimum of 175ml fluid must be present for traditional
signs of pleural effusion, such as blunting of the
costophrenic angle, to be evident [5]. Lateral decubitus
tilms are more sensitive but are impractical in the critically
ill. In comparison, ultrasound of the chest can detect all
effusions that are =100 ml and can even demonstrate an
effusion as small as 3-5ml emphasizing the superiority of
ultrasound [6]. Additionally, standard supine chest radi-
ographs result in dependent fluid accumulation posteriorly,
which creates indeterminate opacifications that may be a
summation of pleural effusion, compressed lung, and
parenchymal lung disease. Unlike chest radiography alone,
ultrasound can distinguish between these abnormalities. In
a study of 32 patients who underwent ultrasonography,
Lichtenstein et al. [7] reported diagnostic accuracy of 93%
for pleural effusion, 97% for alveolar consolidation, and
95% for alveolar-interstitial syndrome when compared to
the standard of CT scan of the chest (table 1).

The detection of a pleural effusion by ultrasonography is
based on three key findings: identification of the structures
that define the boundaries of the effusion, the relatively
echo-free characteristic of the effusion, and the dynamic
changes characteristic of pleural effusion.

The borders of a pleural effusion are the diaphragm,
lung, liver, spleen, kidney, heart/pericardium, spinal col-
umn, aorta, and inferior vena cava. With the imaging plane
oriented in the craniocaudal axis and the transducer placed
between two ribs, the upper rib shadow will be on the left
and the lower rib on the right of the screen with the parietal
pleura noted about 5 mm below the origin of the rib shad-
ows. The diaphragm is the curvilinear structure which
moves with the respiratory cycle. The liver or spleen is seen
in a subdiaphragmatic location. Care must be taken not to
confuse the curvilinear line of Morrison’s pouch between
spleen and left kidney for the diaphragm.

The dynamic changes of the fluid are characterized by
various signs. The airless lung caused by compression floats
in the pleural effusion and is termed floating lung (or lung
flapping). This motion is also called the jellyfish sign.
Consolidated lung may have similar echogenicity as the
liver and this has been termed sonographic hepatization of
lung. In smaller effusions which cause less lung atelectasis,
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the aerated lung does not show this undulating motion, but
it may move into the scanning field with inspiration in a
motion called the curtain sign. On M-mode, the lower bor-
der (the visceral pleura) will move toward the parietal
pleura during respiration creating the sinusoid sign [2].
These movements that change the ultrasonographic image
with respiration are termed respirophasic movements.

Ultrasound can aid in determining the volume of the
effusion. No particular rules apply to assess the volume of a
pleural effusion in a semiquantitative manner and the
assessment is usually reported as an effusion of small, mod-
erate, or large size. Eibenberger et al. [8] reported a correla-
tion between the thickness of the effusion measured on
ultrasound and the actual volume of effusion. In their study
of 51 patients, a sonographic effusion width of 20 mm
yielded a mean volume of 380 * 130 ml of pleural fluid and
a width of 40 mm yielded a mean volume of 1,000 = 330 ml.
This correlation was not perfect, but it was better than chest
radiography in determining effusion volume. The correla-
tion of the thickness of the effusion to the volume of pleural
fluid also depends on the placement of the transducer.
Vignon et al. [9] found that when the interpleural distance at
the lung base was measured, a larger distance correlated
with a larger effusion. There are other more complicated
methods requiring geometric measurements that can be
used to estimate the volume [10].

Pleural effusions are typically echo-free, but the charac-
terization of the fluid can help with the etiology of the fluid.
Transudates are generally anechoic, meaning they are uni-
formly black in appearance, but anechoic effusions can be
transudates or exudates (fig. 2). Transudates do not have
ultrasound reflectors within it, thus the fluid is typically
anechoic. Pleural effusions may have swirling echoes,
strands, fronds, or septations which describe a heteroge-
neously echogenic or complex effusion (fig. 3). The swirling
within the effusion suggests cellular debris which can be
seen in all types of exudates. In patients with known malig-
nancy, this finding is associated with malignant pleural
effusion in more than 80% of cases [11]. An effusion may
also be described as homogenously echogenic which has
diffuse internal echoes with a grey uniform appearance and
may be isoechoic with the liver or spleen parenchyma. In an
analysis of 320 patients, Yang et al. [12] found that this
homogeneous pattern was only seen in hemorrhagic effu-
sion or empyema. Rarely, cellular components may settle in
the dependent parts of the pleural space in a pattern called
the hematocrit sign.

In critically ill patients, the finding of a complex ple-
ural effusion in the absence of malignancy should lead to
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PLEURAL
EFFUSION

Fig. 2. A large anechoic effusion, atelectatic lung, and the diaph-
ragm are seen on this image.

PLEURAL
EFFUSION

Fig. 3. A complex septate effusion bordered by the heart and aer-
ated lung is seen on this image. Several B lines are also seen.

suspicion of complicated parapneumonic effusion or
empyema. Tu et al. [13] evaluated 94 febrile medical ICU
patients with pleural effusion, and 15 had empyema. All
empyemas were characterized as complex nonseptated,
complex septated, or homogenously echogenic effusions.
No empyema was found when the effusion was anechoic or
complex nonseptated and nonhyperechoic. For complex
effusions, pleural ultrasonography is superior to chest CT
scan even with contrast enhancement because CT is unable
to clearly define the stranding and septations [14].

Pleural Ultrasonography in the ICU

Pneumothorax

Rapid identification of pneumothorax in the critically ill
patient is essential, particularly in the patient on mechani-
cal ventilation. Ultrasonography can be used at bedside to
quickly exclude pneumothorax. Scanning the chest with the
ultrasound probe before and after invasive procedures that
have a risk of iatrogenic pneumothorax, such as thoracente-
sis, subclavian/internal jugular central line placement, and
transbronchial biopsy, should allow immediate confirma-
tion or exclusion of pneumothorax after such procedures.

Determination of presence or absence of pneumothorax
relies on the correct interpretation of air artifacts. Lung
sliding is the respirophasic movement of the pleural inter-
face relative to the chest wall, and the significance of evalu-
ating for this sign is that the presence of lung sliding reliably
excludes pneumothorax. In their study of 43 patients,
Lichtenstein and Menu [15] found a negative predictive
value of 100% for absence of pneumothorax in all patients
with lung sliding. The ultrasound in lung sliding depicts the
interaction between the lung and the chest wall during res-
piration; the presence of even a minute amount of air
between the two pleural surfaces prevents this interaction
leading to the loss of lung sliding. Lung sliding can also be
rapidly assessed over a wide area of the thorax. Although
the presence of lung sliding excludes pneumothorax, the
absence of lung sliding only has a sensitivity of 95.3% with a
specificity of 91.1% for pneumothorax, meaning that the
absence of lung sliding cannot confirm pneumothorax. In
critically ill patients, lung sliding is impaired in about 21%
of patients which may be related to the loss of lung compli-
ance. In those patients with absent lung sliding but without
pneumothorax, B lines may be seen [16]. Other conditions
associated with absence of lung sliding are pleural symph-
ysis, emphysema or inadequate imaging.

B lines, also called comet tail artifacts, erase horizontal
artifacts, are roughly horizontal and parallel lines that lie
below the pleura. B lines are well defined, and move with
lung sliding. B lines originate in the interstitium immedi-
ately below the visceral pleura and disappear with air
interposed between visceral and parietal pleura, i.e. pneu-
mothorax (fig. 4). Lichtenstein et al. [17] reported that the
presence of B lines excludes pneumothorax. Their study in
73 critically ill patients found that the absence of lung slid-
ing combined with the presence of horizontal lines had a
sensitivity of 100% for diagnosing pneumothorax. Further
importance of comet-tail artifact is described below.

The absence or presence of pneumothorax can be docu-
mented using M-mode sonography. The seashore sign is the
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PLEURAL
LINE

B LINES

Fig. 4. Blines originate immediately below the bright pleural reflec-
tion and extend to the outer limits of the image.

LEFT LUNG

Fig. 5. Typical appearance of the seashore sign (see text).

equivalent of lung sliding in 2D mode, and the stratosphere
sign is the equivalent of absent lung sliding and reverbera-
tion artifact in 2D mode imaging in the presence of pneu-
mothorax. The seashore sign describes the granular pattern
that underlies the horizontal motionless layers of the chest
wall on M-mode. The straight motionless aspect depicts the
stationary chest wall (‘waves’) that lies above the granular
layer (‘beach’) which is indicative of the respirophasic move-
ment of the lung (fig. 5). This sign is absent in the presence
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Table 1. Evaluation of pleural effusions

1 Identify pleural fluid boundaries
Chest wall, diaphragm with underlying liver or spleen, lung,
heart, spinal column

2 Identify dynamic signs
Floating lung, curtain sign, sinusoid sign, swirling particles,
undulating fronds or strands

3 Assess echogenicity
Anechoic, homogeneously echogenic, heterogeneously
echogenic (complex) particles, strands, fronds, septations

4 Semiquantitative assessment of effusion volume

Table 2. Evaluation for pneumothorax

1 Exclude pneumothorax
Lung sliding, B lines, seashore sign
2 Consistent with pneumothorax
Stratosphere sign, lung point (confirms pneumothorax)

of pneumothorax because air prevents the visualization of
movement of the underlying lung [4] (table 2).

When the ultrasound probe is placed slightly anterior
and/or superior to the lung level, the lung point may be
identified. The lung point indicates the area in which the
lung intermittently comes in contact with the chest wall
during respiration. The lung point confirms pneumotho-
rax with a sensitivity of 79%, but a specificity of 100%
[16].

Early identification of pneumothorax is also essential in
the trauma patient. Small pneumothoraces in trauma
patients can be missed initially on physical exam or chest
radiograph but eventually may lead to tension pneumotho-
rax and hemodynamic instability. Bedside ultrasound was
compared to supine portable chest radiography in 176
trauma patients by Blaivas et al. [18]. Ultrasound was more
sensitive (98.1%) than chest radiography (75.5%) for
detecting pneumothorax. These lesions included small
pneumothoraces which were confirmed by CT scan.
Ultrasound allows for the differentiation of small, medium,
and large pneumothoraces based on how far posterior the
absence of lung sliding is noted. However, subcutaneous
emphysema, large lung contusions, or bullous emphysema
may result in absence of lung sliding as well and may lead
to a false diagnosis of pneumothorax in the trauma
population.
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PNEUMONIA

Fig. 6. This image of a necrotizing pneumonia shows hypoechoic
areas in the lung parenchyma. This should not be confused with a
complex septate pleural effusion. The irregular border of the consoli-
dation contrasts briskly with the aerated lung.

Miscellaneous Findings in Pleural Sonography

The pleural sonographer must be familiar with basic lung
sonography in order to be able to positively identify
abnormalities in the chest which do not constitute pleural
effusion or are unrelated but clinically significant findings.
After all, a major role of pleural sonography is the confir-
mation or exclusion of pleural effusion which is suspected
on the basis of nonspecific opacities on the standard chest
radiograph. Familiarity with basic lung sonography will
prevent the inadvertent puncture of the lung during ill-
advised drainage attempts. One of the most common
questions in pleural sonography in the ICU is the differen-
tiation between pleural effusion and alveolar consolidation
or atelectasis. Lung consolidation refers to areas of fluid,
infection, or blood collecting within the alveoli. It arises
below the pleural line, above the diaphragm, and within
the thorax. This tissue-like pattern is a real image, not an
artifact. These findings must differentiated by the
diaphragm from the underlying liver or spleen. Addi-
tionally, the sinusoid sign, which is described above and
seen on M-mode, is absent indicating the lack of associated
pleural effusion. The normal lung sliding with movement
of the parietal and visceral pleura may also be impaired
with this process. Lichtenstein et al. [19] correlated these
various findings on lung ultrasonography with CT chest
images and determined 90% sensitivity (56 of 62 cases) for
alveolar consolidation. Another important consideration

Pleural Ultrasonography in the ICU

PLEURAL MASS

Fig. 7. A mass attached to the diaphragmatic pleura is seen within a
pleural effusion. The spleen is seen below the diaphragm. This repre-
sents metastatic disease in the pleural space.

in pleural sonography is the distinction between necrotiz-
ing pneumonia and a complex pleural effusion. The lique-
fied content of necrotic areas in the lung may be
hypoechoic and could be confused with pleural fluid
(fig. 6). In these cases, careful dynamic imaging can usually
locate the fluid collections in the lung and not the pleural
space. On occasion, solid lesions other than particles,
stranding, or septations are observed in the pleural space.
Most commonly, the patient has a known malignancy and
a pleural effusion coexists. In these cases, nodules or
masses are visualized in a pleural effusion (fig. 7). Other
solid lesions may mimic pleural effusion due to their
hypoechoic character, although no fluid is present.
Dynamic signs are uniformly absent in these cases. Pleural
mesothelioma, lymphoma, but also pleural fibrosis are
examples of such hypoechoic lesions. Peripheral tumors of
the lung may also be visualized during pleural sonography.
Absence of respirophasic movement of these lesions has
been associated with direct parietal pleural involvement
[20].

How to Get Started in Pleural Sonography
Pleural ultrasonography is a straightforward application
of sonography, and proficiency can easily be achieved.

Pleural sonography, together with vascular access sonog-
raphy, may be recommended as the first step in becoming
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Table 3. The pleural sonographer needs to be familiar with the fol-
lowing concepts and findings

1 Identify anatomic boundaries — diaphragm, chest wall, ribs,
visceral pleura, lung (normal, consolidated, or atelectatic)

2 Identify other structures - liver, spleen, kidney, heart, spinal
column, aorta, inferior vena cava

3 Identify characteristic dynamic changes — diaphragmatic motion,
floating lung, lung point, respirophasic shape changes (sinusoid sign)

4 Characterize the pleural effusion — echogenicity, presence of
strands/debris/septation

5 Identify miscellaneous findings - pleural-based lesions, masses or
thickening

6 Semiquantitative assessment of fluid volume

7 Recognize the limits of pleural ultrasonography - inadequate
image quality due to technical limitations, hemothorax, echo-
dense purulent fluid, mimicking of effusion

8 Know the significance of lung sliding, B lines, seashore sign, lung

an accomplished critical care ultrasonographer. The
limited number of findings, the ease of image acquisition,
and the immediate usefulness for procedure guidance are
some aspects of pleural sonography making it attractive to
the beginner. While learning under the supervision of a
trained operator is ideal, this opportunity may not exist
for many intensivists. In addition, some findings in
pleural ultrasonography are rare and may not be encoun-
tered in a reasonable amount of time spent in training. In
our fellowship program, we require review of commented
videotaped cases before ultrasonography may be used
independently by our fellows. In this way we overcome the
shortcomings of static images in textbooks. In our experi-
ence, learning is much accelerated using this approach
[21]. Table 3 summarizes key competencies of the pleural

point, stratosphere sign for evaluation of pneumothorax

sonographer.
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Abstract
Abdominal sonography represents one of the basic imaging proce-
dures in diagnosing internal diseases. Thanks to bedside equipment
examinations can be done in critically ill patients easily and quickly.
Abdominal organs such as liver or spleen serve as acoustic windows
for imaging of chest diseases. The diaphragm, the pleura and the
lower parts of the lung are visible from the abdominal view. The view
from the epigastrium towards the chest allows gaining information
about the central blood vessels, the mediastinum and the heart. The
examination of the abdominal organs gives diagnostic hints of chest
diseases. In case of pleural effusion disorders of liver, kidneys or pan-
creas help to find out the nature of pleural affection. Metastasis in
the abdomen may be present in thoracic carcinoma. In case of pul-
monary metastasis the primary tumor may be localized in liver, pan-
creas or kidney. The hereditary hemorrhagic telangiectasia shows
characteristic vascular malformations in liver and spleen explaining
the findings of pathologic pulmonary vessels. In sarcoidosis granulo-
mas may be found in liver and spleen. Calcifications of the spleen are
a residue after miliary tuberculosis. In cystic fibrosis sonography
reveals parenchymal disease of the pancreas. Peritoneal fluid with
floating structures is a special finding in peritoneal tuberculosis.
Copyright © 2009 S. Karger AG, Basel

In recent years bedside sonography has become an impor-
tant imaging procedure for critically ill or bedridden
patients. A lot of questions may be answered at once,
though conditions for the examination might not be ideal
[1-3]. In case of surgery, trauma, drains or bandages access
for the ultrasound transducer may be limited. Thus it is a
challenge in daily practice to manage examination of the
chest from the abdominal view. Vice versa many findings in
abdominal ultrasound examination are of diagnostic value
in chest diseases. In the following the technique of abdomi-
nal ultrasound examination is described. The landmarks
for sonographic orientation are outlined and examples of
different pathologic findings are given.

Practice of Examination and Technical Equipment

For imaging deeper situated regions in the body a convex
transducer with 3-5 MHz is recommended. To examine the
right chest from the abdominal view the transducer is held
in transverse position under the ribs and tilted towards the
right shoulder. The ultrasound beam first passes the liver,
which serves as an acoustic window for displaying the right
diaphragm (fig. 1). The lateral part of the diaphragm and
the right recess are best depicted in a lateral longitudinal
view along the axillary lines (fig. 2).

On the left side the spleen serves as an acoustic window.
In case of a normal-sized spleen only half of the left
diaphragm can be seen. In the longitudinal section in axil-
lary lines the lateral part of diaphragm and the left recess
are to be examined.

In the epigastrium the transducer is positioned in longi-
tudinal and transverse sections for receiving the crucial
images. From this point of view structures of the lower
anterior mediastinum are visible, such as the esophagus,
cardia, aorta, caval vein and heart.

The abdomen is examined in longitudinal and trans-
verse sections starting with liver, epigastrium and spleen,
followed by kidneys, retroperitoneum, bowels and the
lower abdominal region.

Pitfalls and Artifacts

The diaphragm appears as a strong reflector. On the right
side the reflected ultrasound beams produce a virtual
image of the liver above the diaphragm, on the left side the
spleen may be mirrored [4]. Another important artifact is
the simulation of a gap in the diaphragm [4]. Ultrasound
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Fig. 1. Subcostal view through the liver. The echogenic line (arrow)
represents the diaphragm.

beams parallel to structures of the diaphragm will not be
reflected and thus they produce no echo signal. The lack
of reflection results in black dots in the gray-scale sono-
graphic image and mimics an interruption of the
diaphragm. Changing the transducer’s position will
remove the artifacts.

Liver and Spleen as an Acoustic Window for Sonography
of the Chest

Diaphragm

The normal diaphragm contrasts as an echogenic line
against the liver parenchyma (fig. 1). The movements as a
result of respiration can be visualized in longitudinal sec-
tions from the axillary lines (fig. 2). Usually in inspiration
the diaphragm extends at least 5-7 cm into the abdominal
space. In case of paralysis the diaphragm moves paradoxi-
cally. In paresis, in severe lung emphysema and in pleural
fibrosis excursions are decreased.

Traumatic ruptures of the diaphragm may be diagnosed
by a displacement of abdominal organs into the thoracic
space [5, 6]. Further signs of a rupture of the diaphragm are
the absence of the echogenic reflected line or fluid with
floating pieces [7].

Pleural effusion serves as an excellent acoustic window
for imaging solid lesions of the diaphragm (fig. 3) [8]. The
abdominal view is the best way for imaging tumors which
infiltrate from the thoracic space into the diaphragm (online
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Fig. 2. View of the right recess in the middle axillary line. In inspira-
tion the aerated lung fills the recess. DP = Diaphragm.

suppl. video 1). The medium part of the diaphragm has
afferent innervation from the cervical roots C3 and C4; pain
therefore may be projected into the shoulder or neck. The
lateral part of the diaphragm has afferent innervation from
the thoracic spine roots Th7-12. Pain will occur in the upper
abdomen sometimes radiating into the back and into the
epigastrium mimicking the symptoms of pancreatitis or
cholecystitis. In case of mesothelioma tumor nodes destroy
and interrupt the diaphragmal pleura.

Pleura

Ultrasound shows even a minimal amount of fluid in the
pleural space. From the abdominal view through liver or
spleen basal pleural fluid can be seen (fig. 4a). Another
access to the lower pleural space is from the lateral aspect.
Even in the lying patient small amounts of fluid can be
detected in the lateral pleural recess (fig. 4b). Sonography
has proved to be much superior to supine chest radiography
in measuring the quantity of pleural effusion in critically ill
patients [9]. Some definite sonographic patterns of pleural
effusion such as echogenicity and septations help to distin-
guish between effusion and empyema. Sonographic exami-
nation serves as a useful tool for the rapid adjusted therapy
[10]. With additional color Doppler vessels in pleural
strands and in thickened pleura can be imagined. Pleural
fluid serves as an acoustic window to show irregular forma-
tions of the parietal or visceral pleura [11]. By ultrasound
the criteria for the development of a pleural effusion into a
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Fig. 3. Small tumor node (arrow) in the diaphragmatic pleura; large
pleural effusion. S = Spleen.

pleural empyema can be observed (online suppl. video
2a-c).

Occasionally a pneumothorax may be diagnosed by a
subpulmonic pleural displacement and the lack of Tung
sliding’ [12].

Lung

From the abdominal view especially the lower lung lobes
are visible. In case of effusion the atelectatic or compressed
lung contrasts against the pleural fluid (fig. 4a). The form of
an atelectasis in the pleural fluid gives hints of the inflam-
matory or tumorous nature of pulmonary consolidations.
In case of pneumonia the non- or poorly aerated parts of
the lung are to be detected by ultrasound. Inflammatory
processes may lead to an adherence of the basal lung struc-
tures to the diaphragmal pleura.

Tumorous lesions of the lung sometimes result in com-
plex formations. Ultrasound can distinguish between effu-
sion, atelectatic lung and tumorous infiltration.

View from the Epigastrium towards the Chest
Longitudinal Section in the Middle of the Epigastrium

The left liver lobe helps for the anatomic orientation. Dorsal
of the left lobe appears the caval vein. Its respiratory col-
lapse is investigated in this position. The diameter of the
vein is a marker for congestion or volume depletion. The
dosage of diuretics can easily be fixed in ventilated patients
according to the dimension of the inferior caval vein. The

Abdominal Ultrasonography
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Fig. 4. a Small basal pleural effusion seen through the liver; in the
effusion the atelectatic lower lobe. b Small pleural effusion (subpul-
monary height 1.24 cm) in the right recess from the lateral view.

diameter is correctly measured about 2 c¢cm below the
diaphragm (online suppl. fig. 1); the caliber should be about
20 mm in expiration and decrease in inspiration.

Left to the caval vein the abdominal aorta appears below
the diaphragm. Measuring the aortic diameter (normally
less than 25 mm below diaphragm) helps to detect an
aneurysm.

In front of and left to the aorta just below the diaphragm
the cardia and the inferior part of the esophagus are visible.

In a cranial angulation of the convex transducer follow-
ing the caval vein the right atrium will be visible. This posi-
tion allows the typical view into the right atrium to detect a
eustachian valve, the Chiari network or thrombi (online
suppl. fig. 2; online suppl. video 3a, b).
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Fig. 5. Enlarged left liver lobe with uneven surface indicative of liver
cirrhosis.

Transverse Section in the Middle of the Epigastrium

The dorsal crura of the diaphragm are situated paraverte-
brally. In a transversal section in the epigastrium they look
like a retroperitoneal tumor near the aorta.

In a cranial angulation of the convex transducer patho-
logic findings of the pericardium can be found. A pericar-
dial effusion is depicted as a dark surrounding of the right
and left ventricle (online suppl. fig. 3a, b).

Tumors infiltrating the right atrium or ventricle are best
depicted from this site. An assessment of the cardiac size
and the relation of both ventricles are possible as well as the
detection of thrombi in the left ventricle. The subcostal
view is the best way to display an atrial septal defect in the
transthoracic echocardiography.

Pathologic Abdominal Findings of Diagnostic Value in
Chest Disease

Abdominal Findings in Pleural Effusion

An abdominal ultrasound examination is mandatory in the
diagnosis of pleural effusion. There are several pathologic
findings which may explain the cause of an effusion.

Abdominal Signs for Right Heart Failure

A dilated caval vein and dilated liver veins are signs of right
heart failure. In case of severe tricuspid insufficiency a sys-
tolic reflux can be detected in the liver veins with additional
Doppler examination.
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Fig. 6. Oblique subcostal view showing liver metastases in both
lobes in a patient with non-small cell carcinoma.

Liver Cirrhosis

An enlarged left liver lobe accompanied by an uneven sur-
face (fig. 5) and inhomogeneous parenchyma of the whole
organ are signs of cirrhosis. An enlarged spleen in addition
to dilated and varicose inlets of the portal vein is a sign of
portal hypertension. In case of decompensated liver func-
tion ascites and pleural effusion may be present.

Kidney Disease

In kidney disease pleural effusion may occur due to dyspro-
teinemia. In acute nephritis the parenchyma of kidneys is
broadened. In chronic renal insufficiency the characteristic
finding is a shrinking of the renal parenchyma.

Acute Pancreatitis

Acute pancreatitis causes inflammatory secretion of fluid
surrounding the parenchyma. The inflammation may pene-
trate through the diaphragm mainly on the left side and
produce hemorrhagic effusion.

Other Abdominal Manifestations Indicative of a Chest
Disease

Liver

Metastasis

At the time of diagnosis about 3% of patients with non-
small cell carcinoma present with asymptomatic liver
metastasis [13, 14] (fig. 6). In case of small cell carcinoma
the number increases to 17% [15]. Extensive metastases
may cause diffuse abdominal pain due to tension of the
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Fig. 7. Multiple calcifications in the slightly enlarged spleen after
miliary tuberculosis.

Verst= 12dB  a=3

Fig. 8. 35-year-old woman with cystic fibrosis and insufficiency of
the pancreas. Sonography shows the inhomogenic parenchyma with
disseminated small cysts.

liver capsule. Metastases are detected in the liver
parenchyma by an echo-poor or less echogenic texture
compared to the adjacent normal parenchyma. A typical
sign is a surrounding echo-poor line. Sometimes liver
metastasis may represent the initial finding of a tumorous
disease. A thorough further examination including the
chest must follow.

Hereditary Hemorrhagic Telangiectasia

The characteristic manifestation of hereditary hemorrhagic
telangiectasia also known as Rendu-Osler-Weber disease is
the malformation of arterial and venous vessels. The typical

Abdominal Ultrasonography

Distanz = 4.42cm

Fig. 9. Enlarged adrenal gland (between crosses) in a patient with
known non-small cell carcinoma. On the right side the liver serves as
an acoustic window in the lateral view.

A

"Caval Filter

Fig. 10. A caval filter in a patient with recurrent pulmonary throm-
boembolism due to pelvic venous thrombosis.

findings in liver and spleen are dilated vessels, aneurysms as
well as various arterial and venous shunts. In the course of
the disease about 40% of patients with a definite gene
mutation develop abnormalities of the vessels in the lung
parenchyma [16, 17] (online suppl. fig. 4a-c).
Arteriovenous shunts may result in pulmonary hyperten-
sion and right heart failure.

Spleen

Infarctions of the spleen are a sudden and painful event.
Sonography demonstrates typical triangular echo-poor or
even echo-free areas in the parenchyma of the spleen. There
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Fig. 11. 46-year-old patient with abdominal pain. Sonography shows
fluid between the bowels; in the peritoneal fluid Mycobacterium
tuberculosis was detected.

will be no vascularization in the lesion. Echo-enhanced
sonography is an additional valuable procedure to demon-
strate the occlusion of a vessel [18]. A careful examination
of the heart is mandatory as endocarditis or thrombi are the
main cause of infarctions of the spleen. Sometimes an
infarction may develop into an abscess.

In sarcoidosis echo-poor granulomas may be found in
the parenchyma (online suppl. fig. 5). The number and size
of the granulomas correlate with the activity of the disease.

After miliary tuberculosis multiple calcifications remain
in the spleen as a life-long residue (fig. 7).

Pancreas
In patients with cystic fibrosis sonography reveals the typi-
cal changes of the parenchyma (fig. 8).

Kidney

Infarctions due to cardiac embolic diseases may also occur
in kidney vessels. The leading symptom is a sudden pain in
the back extending along the lower ribs. Sonography shows
echo-poor areas in the parenchyma. The color Doppler or
echo-enhanced sonography leads to the definite diagnosis
[18].

A tumor of the kidney may be the source of pulmonary
metastases (online suppl. fig. 6a—c).

In lung carcinoma an enlarged adrenal gland is suspi-
cious for metastasis (fig. 9). In autopsy studies adrenal
gland metastases were found in 28-44% of patients with
lung carcinoma [19]. The probability of a benign or a
malignant adrenal mass correlates with the tumor stage and
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the size of the intrathoracic tumor. For definite staging and
prior to the decision for therapy a biopsy of the adrenal
tumor may be required [13].

Abdomen

Perforation

Air under the diaphragm is a sign for perforation of the
esophagus, stomach or bowels. Sonography shows rever-
beration artifacts below the diaphragm. Air may spread
along the mediastinum to the cervical region.

Caval and Pelvic Venous Thrombosis

In case of pulmonary embolism it is a prerequisite to search
for the source of the thrombosis. To examine the large
abdominal veins slight pressure might be necessary to push
away the gas-containing bowels. Normally the caval vein is
oval-shaped. If it is filled with thrombi it appears more
rounded. The thrombotic material or a caval filter produce
an echogenic pattern in the veins (fig. 10). Additional color
Doppler shows a diminished or narrowed flow in the ves-
sels.

Tuberculosis

In peritoneal tuberculous inflammation fluid is to be found
between the bowels. The fluid contains floating strings or
bands and a lot of small echos due to cellular particles (fig.
11; online suppl. video 4).

Metastasis

In case of metastatic peritoneal lesions small nodes on the
peritoneum and accompanying fluid can be found. Tumors
of the chest may cause metastatic lesions in different parts
of the abdomen.
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Abstract

The diagnosis of deep venous thrombosis of the upper and lower
extremities is an important aspect of critical care ultrasonography. In
this chapter, we review the normal venous anatomy of upper and lower
limbs, and explain available sonographic modalities and examination
techniques. A diagnostic sonographic strategy is proposed. Pitfalls and
limitations of vascular ultrasonography, comparison with alternative
diagnostic modalities, and review of the literature on clinician-per-
formed examinations are described. Copyright © 2009 S. Karger AG, Basel

Critically ill patients are at the highest risk for development
of deep venous thrombosis (DVT) due to the presence of
multiple risk factors such as prolonged immobility, surgery,
malignancy, proinflammatory and hypercoagulable states,
and high rates of indwelling devices [1-5]. Clinical signs
and symptoms are unreliable in the diagnosis of DVT in
intensive care unit (ICU) patients who are often unable to
relay symptoms, and whose examination is often limited by
obesity, edema, and surgical dressings [6, 7]. Consequently,
DVT is frequently undertreated which results in an
increased mortality in this patient population [8, 9]. Ten to
100% of DVTs in ICU are clinically unsuspected, and pul-
monary embolism is the most frequent unsuspected
autopsy finding, directly contributing to death in approxi-
mately 5% of all cases [10].

Therefore, in the critically ill, prompt and accurate
objective testing is necessary for the diagnosis of DVT.
Currently, ultrasonography is the primary and oftentimes
only modality used to meet this objective. The following is
an overview of the strength and limitations, clinical applica-
tions, and technical performance of both upper and lower
extremity deep venous diagnostic ultrasonography.

DVT of the Lower Extremities

The true incidence and prevalence of lower extremity DVT
(LEDVT) in the ICU are unknown. Based on screening
studies using ultrasonography for diagnosis, incidence rates
vary considerably, likely as a result of differences in the
patient population, adequacy of prophylaxis, sonographic
technique, and sonographer skills. Reported incidences
range from as low as 8% to as high as 18% for proximal
LEDVT, with the majority of cases occurring within the
first week [1-5]. Of particular concern are the results of
Ibrahim et al. [4], noting an 18% incidence of DVT among
ICU patients mechanically ventilated for a minimum of 7
days despite receiving standard recommended doses of
heparin prophylaxis. A review of published screening stud-
ies suggests that, on average, there is a 10% incidence of
proximal LEDVT in critically ill patients despite optimal
prophylaxis.

Clinically, LEDVT are classified according to their
embolic risk. Proximal (popliteal and higher veins) DVTs
have a higher risk of embolizing than distal (veins below the
popliteal) DVTs. It is estimated that the risk of pulmonary
embolism with distal DVTs is approximately 8%, as
opposed to the 50% risk associated with proximal DVTs
[11, 12]. Since 80% of calf DVTs do not extend proximally,
anticoagulation is commonly held to avoid unnecessary
complications [10]. Instead, serial sonographic examina-
tions can be performed to identify proximal extension of
clots when distal DVT is suspected. In addition, due to the
added time required to scan the calf veins and the lower
sensitivity of ultrasound for detection of DVTs below the
popliteal veins [7, 13-15], we do not routinely examine the



Table 1. Nonsonographic diagnostic modalities for detection of DVT

Advantages Disadvantages
Contrast Accuracy Availability
venography Invasiveness
Need for transportation out
of ICU
lonizing radiation
lonizing contrast media:
kidney injury
Allergy to contrast
Thrombophlebitis
Technical limitations
Cost
Impedance Availability Unknown accuracy in ICU
plethysmography Cost population
Ease of use Overall less sensitive than
ultrasound
Detects venous outflow
obstruction alone (cannot
differentiate alternative
diagnoses: Baker’s cyst, etc.)
CT venography Accuracy lonizing radiation
(LEDVT only)  lonizing contrast media:
Performed kidney injury
together with  Allergy to contrast
chest CT Relatively contraindicated
Assessment in pregnancy
of pelvic Does not assess upper
thrombosis extremities
Cost
MR venography Use if allergy Availability
with or without or contraindi  Inability to perform in
gadolinium -cations ventilated patients
to contrast Risk of kidney injury
media Cost
Assessment
of pelvic
thrombosis

distal venous system as part of our examination. Therefore,
we will focus our review on the accuracy of diagnostic
ultrasonography for proximal DVT only.

Diagnostic Modalities for Detection of DVT

Despite many limitations (table 1), contrast venography is
still considered the reference standard for the diagnosis of
DVT [7]. Although no longer considered appropriate as the
initial diagnostic test when assessing extremities for the

Ultrasonography for the Diagnosis of Venous Thromboembolic Disease

presence of acute DVT, we reserve it for situations when
noninvasive testing modalities are nondiagnostic and there
remains a compelling reason to establish the diagnosis
[16-18].

Accuracy of Ultrasound in the Diagnosis of LEDVT

Symptomatic Outpatient Population

A landmark study by Lensing et al. [15] in 1989 compared
contrast venography with compression ultrasound (CUS)
in 220 clinically symptomatic outpatients and showed ultra-
sonography to have a sensitivity of 99% (CI: 95-100%) and
specificity of 100% (CI: 97-100%) for proximal LEDVT.
Multiple other studies in this patient population have
shown similar sensitivities ranging from 89 to 100% for
proximal LEDVT [19-23]. In addition, Birdwell et al. [24]
demonstrated the safety of withholding anticoagulation in a
population of 335 symptomatic outpatients with two nega-
tive compression studies (follow-up study performed 7 days
after the initial one) by reporting a 0.6% rate of DVT at 3
months’ follow-up.

Asymptomatic, High-Risk Population

Despite the well-established accuracy of ultrasound in the
symptomatic outpatient population, few studies have been
performed in high-risk, asymptomatic patients. One study
compared the combination of CUS and color Doppler aug-
mentation technique with contrast venography in postop-
erative hip and knee surgery patients, finding the sensitivity
of ultrasound for proximal LEDVT to be 60% with a speci-
ficity of 71% [25]. In a meta-analysis of studies assessing the
accuracy of ultrasound in asymptomatic postorthopedic
surgical patients, the average sensitivity was 65% [26].
Similarly, in a study of asymptomatic hospitalized patients
at moderate risk for DVT, sensitivity of ultrasound com-
pared to contrast venography was shown to be 60% with a
positive predictive value of 75% [16]. In conclusion, the
sensitivity of ultrasound in the high-risk inpatient popula-
tion is markedly lower than the near perfect sensitivity
found in symptomatic outpatients.

Critically Ill Population

There are no studies directly comparing sonography with
contrast venography in critically ill patients. Thus, the true
accuracy of sonography in this population is unknown. In a
recent study, the diagnostic accuracy of CUS was compared
with CT venography [27]. Both modalities were found to
have a sensitivity of 70% (CIL: 41.6-98.4%) for proximal
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LEDVT. The reference standard used was documentation of
pulmonary emboli combined with a positive CT venography
or CUS. This data, combined with the results of studies in
other high-risk, inpatient populations [16, 28], suggests that
the sensitivity of ultrasound in critically ill patients is con-
siderably lower than in the symptomatic outpatient popula-
tion. This is due to several factors, including (1) the
characteristics of thrombi in this setting are less extensive,
less organized, less occlusive, and less echogenic than in
symptomatic outpatients, leading to poor visualization and
more compressible thrombi, and (2) the inability to perform
technically adequate examinations due to patient immobil-
ity and frequent limb swelling. Consequently, the incidence
of LEDVT in critically ill patients is likely highly underesti-
mated when CUS is used for screening the critically ill.

Ultrasound Modalities for Detection of DVT

There are three sonographic techniques commonly used

when evaluating the venous system for the presence of

thrombosis: B-mode, spectral Doppler, and color Doppler
imaging. The commonly named ultrasound tests (‘duplex;,

‘triplex’) differ only in the type and combination of these

techniques as follows:

o Real-time CUS uses B-mode (brightness modulation) 2-
dimensional imaging only and allows direct visualiza-
tion of the venous segment examinated. Veins are
compressed in a sequential manner in transverse section
(except for the subclavian vein). Veins are also assessed
for intraluminal echogenic material (fig. 1).

o Duplex ultrasound (CUS plus spectral Doppler analysis)
considered the essential examination mode for periph-
eral venous testing according to the standards of the
Intersocietal Commission for the Accreditation of
Vascular Laboratories (ICAVL) in the USA [29] (fig. 2).

o Triplex ultrasound (CUS, spectral Doppler, and color
Doppler analysis): the addition of color Doppler imaging
enables the assessment of the presence and direction of
blood flow within the vein [29] (fig. 3). If used, color
gain settings must be set in order to avoid oversaturation
so that small intraluminal clots or areas of incomplete
thrombosis are not obscured.

Diagnostic Sonographic Criteria of DVT

A normal, patent venous system is characterized by four

sonographic criteria.

(1) Compressibility: Patent veins are fully compressible under
light pressure applied with the transducer, with the visible
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Fig. 1. CUS of brachial veins. There are two superficial brachial veins.
They do not usually run contiguously with the deeper artery. When
pressure is applied, the lumen of the two veins is completely obliter-
ated, while the arterial lumen remains patent. The anechoic structure
behind the artery is the humerus bone.
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Fig. 2. The upper portion demonstrates the location of the pulsed
wave Doppler examination box within the lumen of the proximal
internal jugular vein. Color Doppler in the same image demonstrates
the presence of flow. The bottom image is the spectral Doppler signal
obtained with pulsed wave. It represents phasic flow with respiratory
variation at low velocities (0.4 m/s), typical of venous flow velocities.

lumen completely disappearing as the opposing venous
walls come into full contract (fig. 1, 4). The inability to
completely compress the venous lumen is the main crite-
rion for the diagnosis of DVT [30]. Incomplete collapse
of the venous lumen with slightly lower pressure than is
required to occlude the adjacent artery signifies that a
thrombus is present. The amount of pressure required is
important to consider since acute thrombi have jelly-like
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Fig. 3. Color Doppler assists the sonographer to identify these two
distinct vessels.
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Fig. 4. Normal compression of SFV demonstrating absence of
thrombus. A split screen format is utilized. By convention the uncom-
pressed vein image is on the left side of the image and the com-
pressed image is on the right. Note the complete disappearance of
the vein lumen under compression.

consistency and are frequently partially compressible,
potentially resulting in false-negative studies if excess
pressure is applied.

(2) Absence of intraluminal echogenic material: Normal
patent veins are devoid of internal echoes. Acute thrombi
are hypoechoic and generally not visible. As thrombi
organize, they become progressively more echoic and
visible. Visualization of echogenic material within the
vein has a high correlation with DVT, but not in isolation
(fig. 5). When only this criterion was considered (with-
out assessing for compressibility), Baarslag et al. [31]
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Fig. 5. Transverse image of the right internal jugular vein. Its lumen
is filled with spontaneous echoes ('smoke'). In comparison, the
lumen of the right common carotid artery is echolucent except for its
thickened, calcified walls.
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Fig. 6. Notice 'smoke' and lack of color flow in this longitudinal axis
view of the internal jugular vein. The bottom spectral Doppler signal
reveals almost no flow.

found that thrombus was absent in 3/27 (11%) of
patients when venography was performed.

(3) Flow pattern: When using Doppler waveform examina-
tion (pulsed-wave or continuous-wave), a patent sys-
tem demonstrates normal characteristics:
spontaneity (presence of spontaneous, pulsatile flow)
and phasicity (flow variation with normal respiration)
(fig. 2). Absence of flow and/or monophasic flow find-
ings are only considered suggestive of DVT (fig. 6),
particularly if not associated with other diagnostic cri-
teria [18, 32]. A monophasic pattern can also be caused

two
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Fig. 7. Normal increase in peak velocity spectral Doppler signal of
brachial vein in response to distal compression maneuvers.
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Fig. 8. Lower extremity venous anatomy.
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by the presence of external compression on the venous
system due to other causes such as lymphadenopathy,
hematoma, and extensive swelling.

(4) Augmentability: Augmentability refers to increased
velocity of flow in the Doppler spectral or color Doppler
signals in response to maneuvers such as manual com-
pression of a distal muscle group or Valsalva maneuvers
(fig. 7). Augmentation maneuvers can force blood
around an area of thrombosis, resulting in falsely nega-
tive results if no other sonographic criteria are consid-
ered. This finding has been shown to be sufficiently
nonspecific [33-35], so that we use it solely to help in
the identification of venous segments that are difficult
to visualize.

Diagnostic Venous Sonography of the Lower
Extremities in Critically Il Patients

Sonographic Strategy

Although multiple ultrasonographic modalities have been
used to diagnose DVT, there is compelling evidence to
show that using sonographic techniques in addition to
CUS does not increase diagnostic accuracy and as a result,
need not be used. In two different patient populations,
both Lensing et al. [25] and Blaivas et al. [33] showed that
color Doppler findings were too nonspecific to increase
accuracy. The addition of an assessment of venous disten-
sion during a Valsalva maneuver also did not increase
accuracy [15]. Furthermore, several authors found that
the value of flow augmentation responses was also insen-
sitive and nonspecific, and did not improve the diagnostic
accuracy of CUS [33-37]. Poppiti et al. [38] compared the
two-site CUS technique with triplex scan and found that
the multimodality test revealed no additional proximal
DVT, although it did demonstrate two false-positive
popliteal thrombi. As a result of these data, we rely solely
on the CUS technique to diagnose DVT. Flow pattern
analysis and augmentation maneuvers (by Doppler spec-
tral signal and/or color Doppler) can be used as adjunct
techniques, keeping in mind their limitations. As previ-
ously noted, we utilize color Doppler to identify venous
segments that are difficult to visualize in obese and ede-
matous patients.

The literature divides sonographic examinations of the
lower extremities into complete and limited. A complete
exam consists of performing sequential compressions every
1-2cm over the entire proximal venous system from the
iliac vein through the trifurcation of the calf veins. A lim-
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Fig. 9. Right CFV demonstrating with entrance of the GSV on medial
aspect.

ited or ‘two-site’ exam consists of performing compressions
at two anatomic sites alone, a technique based on data
showing that the majority of LEDVTs occur at the two main
venous confluences [common femoral vein (CFV)-greater
saphenous vein (GSV) junction and the trifurcation of the
popliteal into the deep calf veins] and are only rarely iso-
lated to the superficial femoral vein (SFV; 0-6%) [39-43].
In contrast to these studies, Maki et al. [44] reported a 22%
rate of DV T isolated to the proximal SFV in their retrospec-
tive analysis. Because of this report, we recommend per-
forming a complete study of the common femoral veins and
SEV, followed by a full examination of the popliteal vein to
the proximal portion of the calf vein trifurcation. To save
time, we employ a modified technique: we first scan the two
venous confluences, and, if no thrombus is identified, we
then examinate the entire length of the SFV down to the
adductor canal.

Normal Anatomy of the Lower Extremity Venous System

Prior to scanning the lower extremity, knowledge of venous
anatomy is required (fig. 8). Veins are divided into deep
(within muscle) and superficial (within fascia). Deep veins
are paired and accompany the arteries. Once the external
iliac vein crosses the inguinal ligament, it becomes the CFV.
The CFV is then joined medially by the GSV. Appro-
ximately 1-2cm beyond this point, the CFV divides into
the deep femoral vein (DFV) and the SFV. The DFV can
usually be tracked for a short distance before it dives deeper
and away from the acoustic window. The SFV runs antero-
medially down to the adductor canal, where it then courses

Ultrasonography for the Diagnosis of Venous Thromboembolic Disease
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Fig. 10. Right CFV and the DFV posteriorly.

Fig. 11. Standard configuration of a high-frequency transducer
used for vascular imaging. Such transducers typically utilize a fre-
quency of 7.5 MHz.

posteriorly into the popliteal fossa becoming the popliteal
vein (fig. 9, 10).

Technique

A linear transducer with a frequency range from 5 to
10 MHz is generally used (fig. 11). The patient is placed
supine with the lower extremity fully exposed and exter-
nally rotated (fig. 12). Reverse Trendelenburg positioning
can be used to better fill the veins. Prior to a compression
maneuver, we assess for intraluminal echogenicity (fig. 4).
The presence of echoes within the vein (smoke) lacks speci-
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Fig. 12. Demonstration of standard patient and sonographer posi-
tion during examination of the CFV. The patient leg is externally
rotated with the transducer orientation transverse to the vein.

ficity for thrombus, and most acute thrombi are hypoechoic
and not visualized. However, the clinician will encounter
situations where an echogenic and well-circumscribed
thrombus is found. In those circumstances, we perform
longitudinal scanning prior to compressing the vein to
avoid the risk of dislodging a mobile, mural clot. Once con-
fident that a mural clot is not present, pressure is applied
with the transducer in the transverse axis to the point where
the anterior and posterior walls of the vein come into con-
tact and the venous lumen disappears completely. At this
point, only slight deformation of the adjacent artery should
be seen. The requisite amount of pressure to achieve must
be gained from experience as excessive pressure can
occlude the artery while inadequate pressure can lead to the
erroneous conclusion that a vein is noncompressible.
Absence of full compression indicates the presence of
venous thrombosis (fig. 13). However, the operator must
ensure that the probe is transverse to the vein, with down-
ward pressure applied directly over the vein. If the trans-
ducer is angled or positioned incorrectly, pressure is
sometimes directed adjacent to the vein or the vein inadver-
tently slides away from the examination window (more
common if the longitudinal axis is used), resulting in a
greater likelihood of a false-positive finding.

Storing the digital image or recording of all findings is
an important part of the exam, not only for documentation
and billing purposes, but also for later interpretation or
review if the operator is unclear or inexperienced in inter-
preting equivocal findings. Compression images are stored
in ‘split-screen’ or ‘dual’ image format, a common function
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Fig. 13. DVT of the right CFV. Note the lack of disappearance of the
vein lumen while under compression (right side of image) (compare
to fig. 4).

on portable ultrasound devices. The accepted method is to
first ‘freeze’ a still image with the uncompressed vein of
interest in the center of the screen, then the operator
switches the monitor to ‘dual’ screen display, followed by
performance of a compression maneuver with the image
saved at full compression. The saved image thus shows a
side-by-side comparison of the compressed and uncom-
pressed vein. By convention, the uncompressed image is on
the left of the screen. Text notation of the vein, extremity,
and segment is also required for each image saved. We typi-
cally save images at the following junctions: (1) CFV-GSV,
(2) CEV-DFV, (3) PV-calf veins and at any point where a
thrombus or any other abnormality is visualized.

Common Femoral Vein. The examination begins with
the transducer applied in the transverse axis at the origin of
the CFV, just below the inguinal ligament and medial to the
femoral artery. Sequential compressions are then per-
formed, advancing 2 cm distally along the vein before the
next compression. We also examinate the proximal portion
of the GSV, as thrombus present at this level is at high risk
for extending into the CFV. Continuing distally along the
CFV, an unnamed perforator is often seen entering lateral
to the CFV just prior to the division into the profunda (or
deep) femoral vein and the SFV, and should not be mis-
taken for the DFV. Following the two-site strategy, we then
move to the popliteal fossa.

Popliteal Vein. Ideally, the patient should be prone, an
impossible feat in most critically ill individuals. In such
patients, we flex the knee to approximately 45° or we posi-
tion the patient in the contralateral lateral decubitus posi-
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Fig. 14. Demonstration of leg position during examination of the
popliteal vein in a supine patient. Leg is raised in a slightly flexed
position, the transducer is brought behind the leg and applied to the
popliteal fossa in a transverse orientation.

tion, freeing the studied limb for increased mobilization
and maneuvering (fig. 14). The latter requires assistance,
particularly if airway and other devices need to be secured.
The sonographer will find the paired popliteal artery and
vein located in a central position (visualization of associ-
ated smaller vessels indicates the transducer is positioned
too low in the popliteal fossa). Compressions are performed
sequentially to a point just distal to the trifurcation of the
popliteal vein into the three calf veins.

Superficial Femoral Vein. As previously mentioned, if the
two-site technique is negative, we examinate the length of
the SFV until it is lost medially in the adductor canal.

Iliac Vein. If no DVT is found within the lower extrem-
ity, we attempt to examinate the iliac vein. Reverse
Trendelenburg and color Doppler can assist in finding this
vein. CUS is generally not feasible here, so we rely on color
Doppler results and the presence of a monophasic spectral
Doppler pattern with lack of augmentability to diagnose
DVT in this area.

Diagnostic Venous Sonography of the Upper
Extremities in Critically Il Patients

As with LEDVT, the true incidence and magnitude of
upper extremity deep venous thrombosis (UEDVT) in
critically ill patients is not known. Potential fatal pul-
monary emboli complicate UEDVT in up to 36% of cases,

Ultrasonography for the Diagnosis of Venous Thromboembolic Disease

and probably even more frequently in carriers of central
venous catheters [45]. Unfortunately, there are no clinical
studies assessing the accuracy of ultrasonography for the
diagnosis of UEDVT in the critically ill. We instead rely
on indirect information gained from research addressing
the risk of DVT associated with venous catheterization or
manipulation. For example, the rate of symptomatic
UEDVT in patients with central venous catheters was
12-14% in two large series of adults and children [46, 47].
Unfortunately, DVT is frequently asymptomatic in carri-
ers of central venous catheters, and its incidence is
unknown in carriers of pacemakers, defibrillators, and
hemodialysis catheters commonly found in critically ill
patients [48, 49]. Peripherally inserted central catheters,
now in widespread use, are associated with an incidence of
UEDVT of 1-9%, depending at least partially on the
diameter of the catheter [50]. In the largest patients reg-
istry to date, the presence of an indwelling central venous
catheter was the most powerful independent predictor of
UEDVT, with adjusted odds ratio of 9.7 (95% CI:
7.8-12.2) [51]. Compounding the problem, many criti-
cally ill patients experience multiple coexistent risk factors
associated with an even higher risk of UEDVT: cancer,
previous or ongoing LEDVT, surgery, trauma, prolonged
immobility and coagulation defects.

As previously mentioned, the accuracy of ultrasonogra-
phy for the diagnosis of UEDVT in noncritically ill patients
is uncertain. Mustafa et al. [52] searched the medical litera-
ture from 1980 to 2000 to assess the sensitivity and speci-
ficity of this diagnostic methodology. Only 6 prospective
studies could be found, and only one study met predefined
methodological criteria [53]. Clear methodological differ-
ences were noted, and sample sizes ranged between 2 and
58 patients. The authors found ultrasonography to have a
sensitivity of 56-100% and a specificity of 77-100%. This
significant variability is clearly related to study methodol-
ogy, patient population, reference standard used and,
importantly, the sonographic technique utilized. A more
recent, methodologically sound study supports this data.
Baarslag et al. [54] found a sensitivity of 82% (95% CI:
70-93%) and specificity of 82% (95% CI: 72-92%) in 126
consecutive non-critically ill patients in both in- and outpa-
tient settings. Even when accounting for the limited data on
the accuracy and performance of the test, ultrasonography
remains the first, and many times only, test performed to
rule out UEDVT. As with the diagnosis of LEDVT, we per-
form ultrasonographic testing as a first test, with more inva-
sive testing reserved for when clinical suspicion remains

high.
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Fig. 15. Upper extremity venous anatomy.

Normal Anatomy of the Upper Extremity Venous System

As previously noted, veins are divided into deep (within
muscle) and superficial (within fascia). Deep veins are
paired and accompany the arteries: radial, ulnar, brachial
and axillary. The latter is commonly single and is only one
of the few peripheral veins in the body that does not neces-
sarily run next to its artery. For the purposes of DVT detec-
tion, subclavian, internal jugular and innominate (or
brachiocephalic) veins are considered part of the upper
extremity deep venous system. The superficial veins are sin-
gle and include the medial basilic and lateral cephalic. They
usually communicate at the cubital fossa by way of the
median cubital vein (fig. 15).
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Technique

A linear transducer with frequency range from 5 to 10 MHz
is generally used. The patient is placed supine. Examination
begins with the internal jugular vein, from the sub-
mandibular area down to the base of the neck. The patient’s
neck is rotated contra-laterally to expose the area of inter-
est. Trendelenburg positioning can be used to fill the inter-
nal jugular and subclavian veins.

Internal Jugular. The internal jugular vein runs anterior
and medial to the common carotid artery, and becomes
larger as it approaches the thorax. Asymmetry of size is
common. Careful attention should be placed on avoiding
excess pressure with the transducer, particularly in hypov-
olemic patients since the vein is often easily compressible
and thus may be difficult to identify. A large venous valve
can often be identified at the base of the neck.

External Jugular. It is not necessary to routinely assess
the external jugular vein although we find it useful to exam-
ine this vein when internal jugular thrombosis is suspected.
The external jugular vein can be found running parallel to
the posterior border of the sternocleidomastoid muscle,
without accompanying artery. It is superficial, easily com-
pressible, and smaller than the internal jugular vein unless
the internal jugular is occluded, making the external jugular
its collateral vein.

Brachiocephalic Vein. The brachiocephalic vein is usually
difficult to assess due to overlying bony structures and lung air.

Subclavian Vein. The subclavian vein is inspected from
below the clavicle. The transducer is placed longitudinally
along the course of the vessel below the clavicle with cepha-
lad angulation (fig. 16). The medial aspect is difficult to
assess (left more than right) because of clavicular interposi-
tion [55]. The vein can be differentiated from the adjacent
artery by its larger size, lack of spontaneous pulsatility, and
Doppler venous flow pattern. The phasic respiratory varia-
tion of the spectral Doppler signal can also be identified, par-
ticularly when the patient is hypovolemic. If the patient can
cooperate and the vein is difficult to visualize, he or she
should be asked to take in a deep, quick breath through
pursed lips, as though sucking on a straw. If the vein collapses
with inspiration while performing this maneuver, it can be
judged to be free of thrombus. In some subjects, the subcla-
vian vein cannot be visualized despite patient positioning
and respiratory maneuvers, particularly on their more
medial aspect (left more than right). On these occasions, we
use color Doppler to identify vascular structures followed by
Doppler waveform examination once the vessel is identified
(fig. 17). Attempts are generally made to compress the vein
along its longitudinal direction. Support of surrounding
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Fig. 16. Demonstration of patient and transducer positioning for
subclavian vein examination.
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Fig. 17. Examination of distal subclavian vein demonstrates a
catheter within its lumen (arrow), and abnormal color flow signal.
Pulsed wave Doppler with display of spectral Doppler signal (bot-
tom) reveals no phasicity and decreased velocities.
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Fig. 18. The small vessel (arrow) within fascia (arrowheads) is the
cephalic vein. It does not accompany an artery. It is easily compress-
ible with compression.

tissues and vein can be provided with the examiner’s free
hand in the supraclavicular area. Unfortunately, compress-
ibility often fails due to the vein slipping away from the area
of examination, and the sonographer should not erroneously
conclude compressibility unless there is complete certainty.
The subclavian vein is followed laterally as far as possible into
the deltopectoral cannal.

Cephalic Vein. As we approach the shoulder along the
subclavian vein, a small vessel can be observed breaking off:
the cephalic vein. This vessel is superficial and does not
accompany an artery (fig. 18).

Axillary Vein. After the subclavian-cephalic junction,
the subclavian becomes the axillary vein, usually exami-
nated in the axilla. For this purpose, the patient’s arm is
raised and abducted to 90°. We use a wrist restraint in
patients who cannot cooperate because of sedation or who
have difficulty keeping the arm elevated (fig. 19). The
mostly single axillary vein runs superficially and commonly
distant from the artery. Distally, a large single vessel sepa-
rates and runs toward the skin line: the basilic vein.

Brachial Vein. After giving off the basilic vein, the axillary
vein becomes the brachial vein. The patients arm is then
brought back to the patient’s side and pronated, exposing the
area of interest (fig. 20). The small brachial veins (usually
double) are then examinated along the mid arm into the
upper portion of the forearm. We do not routinely assess the
radial and ulnar veins, unless there are local signs of throm-
bosis or a specific reason, like the suspicion of a thrombosed
dialysis graft. Finally, if thrombosis is discovered, we follow
Fraser’s recommendations to scan the contralateral neck and
proximal upper extremity to assess progression or subse-
quent recurrence of venous thromboembolic disease [56].
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Fig. 19. Demonstration of patient and transducer positioning for
examination of axillary vessels.

Fig. 20. Demonstration of patient and transducer positioning for
examination of brachial vessels.

Pitfalls of Sonography

o Internal echoes (‘smoke’) are frequently encountered in
patent veins in the presence of low-flow states. Smoke is
more easily visualized in large veins (i.e., internal jugular
and subclavian in the upper extremities, and common,
deep femoral, proximal superficial and greater saphe-
nous in the lower extremities). It should not be confused
with true thrombi.

« Spontaneous flow and flow augmentation can occur in the
presence of incomplete thrombosis, adequate collate-
ralization, and with duplication of deep venous systems.
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o Presence of a duplicated venous system can lead the
unsuspecting sonographer to miss a thrombosed seg-
ment. Conversely, a large collateral system could be mis-
taken for a patent venous segment while thrombosis is
present in an underlying vein.

« Inability to visualize the more proximal, intrathoracic
venous system: proximal subclavian, innominate, and
superior vena cava in the upper extremities, external ili-
acs in the lower extremities.

o Presence of local tenderness, obesity, dressings, edema,
burn areas and local recent surgery may render the study
difficult to perform or altogether nonobtainable.

o Identification of acute on chronic thrombosis: a com-
monly undiagnosed problem in critically ill patients.
The ultrasound appearance of DVT changes over time:
thrombi become progressively more echogenic as they
organize, and the underlying venous wall in the area of
thrombosis gets thicker, more echogenic and resistant to
compression. Hence, when DVT is diagnosed, it is
important to measure the diameter of the vein at the site
of thrombosis. Future thrombosis of lower extremities
exists if the compressed venous diameter increases by
=4 mm from the baseline study. Importantly, this crite-
rion was never formally assessed in the upper extremi-
ties, but we believe it applies the same.

o Lastly, sonography is undoubtedly operator dependent.
Fortunately this skill has a steep learning curve and is
relatively easy to perform.

Performance of Diagnostic Venous Ultrasound by
Nonradiologists

Given the rapid growth in availability of portable ultrasound
units in many ICUs, there are an increasing number of clini-
cians performing bedside diagnostic venous sonograms. We
have no data on the accuracy of these tests when performed
under these circumstances. There are, however, several stud-
ies assessing the accuracy of such tests performed in the
emergency department (ED) setting by ED physicians with
variable amounts of ultrasound training (2-30h). In these
studies, CUS results obtained by ED physicians were com-
pared with results obtained by same institution radiology or
vascular departments using their standard protocols.
Sensitivities ranged from 89 to 100%, with specificities rang-
ing from 76 to 100% [32, 37, 57, 58]. In addition, there is a
similar study performed in hospitalized patients assessing
the accuracy of CUS performed by a self-trained clinician
(had performed 35 practice tests prior to study) with a
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vascular access device ‘Site Rite™ in a group of 72 hospital-

ized patients with a moderate risk of DVT. In that study, a
sensitivity of 94% and specificity of 99% were reported [59].
These results lend support to the accuracy of bedside CUS
examinations performed by clinician sonographers.
However, we caution the reader that the diagnostic accuracy
of sonography performed by intensivist sonographers in the
critically ill has not been formally assessed.

Conclusion

Ultrasonography remains the test of first choice for the diag-
nosis of DVT of the upper and lower extremities. It is accu-
rate, noninvasive, easy to perform, readily available, relatively
inexpensive, and can potentially be repeated without restric-
tions. It assists in identifying frequently unsuspected diag-
noses such as enlarged lymph nodes, hematomas, abscesses,
and foreign bodies. Unfortunately, the true accuracy of ultra-
sound in a heterogeneous critically ill population is not
known. Based on the available data, we strongly support the

use of compression sonography as the initial test in this
patient population to diagnose upper and lower extremity
DVT. We emphasize the value of the information obtained by
venous compression technique and examination of endolu-
minal echoes. DVT can be confidently diagnosed when
absence of compressibility is present within the context of a
clinical situation with a high pretest probability. Assessment
of venous flow patterns can assist in confirming the diagno-
sis, but the significance of isolated abnormalities of spectral
Doppler signal analysis should be questioned and alternative
diagnostic tests should be considered (venography, CT
venogram, MR venography). Color examination and
maneuvers to augment flow help identify venous segments
that are difficult to visualize with real-time sonography but
do not increase diagnostic accuracy.

Acknowledgment

We are indebted to Mrs. Gregorio Garcia Cano and Jorge Aguilar
Roman for their assistance with graphic design.

References

1 Hirsch DR, Ingenito EP, Goldhaber SZ: 9 Twigg SJ, McCrirrick A, Sanderson PM: A com- 15 Lensing AW, Prandoni P, Brandjes D, Huisman
Prevalence of deep venous thrombosis among parison of post mortem findings with post hoc PM, Vigo M, Tomasella G, Krekt ], ten Cate JW,
patients in medical intensive care. JAMA estimated clinical diagnoses of patients who die Huisman MYV, Buller HR: Detection of deep-vein
1995;274:335-337. in a United Kingdom intensive care unit. thrombosis by real-time B-mode ultrasonogra-

2 Marik PE, Andrews L, Maini B: The incidence of Intensive Care Med 2001;27:706-710. phy. N Engl ] Med 1989;320:342-345.
deep venous thrombosis in ICU patients. Chest 10  Williams MT, Aravindan N, Wallace MJ, Riedel 16 Tomkowski WZ, Davidson BL, Wisniewska J,
1997;111:661-664. BJCJ, Shaw ADS: Venous thromboembolism in the Malek G, Kober J, Kuca P, Burakowska B, Oniszh

3 Kapoor M, Kupfer YY, Tessler S: Subcutaneous intensive care unit. Crit Care Clin 2003;19:185-207. K, Gallus A, Lensing AW: Accuracy of compres-
heparin prophylaxis significantly reduces the 11 Cogo A, Lensing AW, Prandoni P, Buller HR, sion ultrasound in screening for deep venous
incidence of venous thromboembolic events in Girolami A, ten Cate JW: Comparison of real- thrombosis in acutely ill medical patients.
the critically ill (poster). SCCM 29th Educational time B-mode ultrasonography and Doppler Thromb Haemost 2007;97:191-194.
and Scientific Symposium, Orlando, 2000. ultrasound with contrast venography in the 17  Baarslag HJ, Koopman MMW, Reekers JA, van

4 Ibrahim EH, Iregui M, Prentice D, Sherman G, diagnosis of venous thrombosis in symptomatic Beek EJR: Diagnosis and management of deep
Kollef MH, Shannon W: Deep vein thrombosis outpatients. Thromb Haemost 1993;70:404-407. vein thrombosis of the upper extremity: a
during prolonged mechanical ventilation despite 12 Huisman MV, Buller HR, ten Cate JW, van Royen review. Eur Radiol 2004;14:1263-1274.
prophylaxis. Crit Care Med 2002;30:771-774. EA, Vreeken ], Kersten M, Bakx R: Unexpected 18 Fraser JD, Anderson DR: Deep venous thrombo-

5  Cook D, Crowther M, Meade M, Rabbat C, high prevalence of silent pulmonary embolism sis: recent advances and optimal investigation
Griffith L, Schiff D, Geerts W, Guyatt G: Deep in patients with deep venous thrombosis. Chest with US. Radiology 1999;211:9-24.
venous thrombosis in medical surgical critically 1989;95:498-502. 19  GinsbergJS, Caco CC, Brill-Edwards PA, Panju
ill patients: prevalence, incidence, and risk fac- 13 Habscheid W, Hohmann M, Wilhelm T, Epping AA, Bona R, Demers CM, Tuters LM, Nugent P,
tors. Crit Care Med 2005;33:1565-1571. J: Real-time ultrasound in the diagnosis of acute McGinnis J, Grant BM, Vander Lander Vries

6  Wheeler HB: Diagnosis of deep venous thrombosis: deep venous thrombosis of the lower extremity. MA: Venous thrombosis in patients who have
review of clinical evaluation and impedance Angiology 1990;41:599-608. undergone major hip or knee surgery: detection
plethysmography. Am J Surg 1985;150(suppl):7-13. 14 Quintavilla R, Larini P, Miselli A, Mandrioli R, with compression US and impedance plethys-

7 American Thoracic Society: The diagnostic Ugolotti U, Pattacini C, Pini M: Duplex ultra- mography. Radiology 1991;181:651-654.
approach to acute venous thromboembolism: sound diagnosis of symptomatic proximal deep 20 Cronan JJ, Dorfman GS, Scola FH, Schepps B,
clinical practice guideline. Am J Respir Crit Care vein thrombosis of lower limbs. Eur ] Radiol Alexander J: Deep venous thrombosis: US
Med 1999;160:1043-1066. 1992;15:32-36. assessment using vein compression. Radiology

8  Stein PD, Henry JW: Prevalence of acute pul- 1987;162:191-194.
monary embolism among patients in a general 21 Appelman PT, De Jong TE, Lampmann LE: Deep

hospital and at autopsy. Chest 1995;108:978-981.

Ultrasonography for the Diagnosis of Venous Thromboembolic Disease

venous thrombosis of the leg: ultrasound find-
ings. Radiology 1987;163:743-746.

107



22

23

24

25

26

27

28

29

30

31

32

Monreal M, Montserrat E, Salvador R, Bechini J,
Donoso L, MaCallejas J, Foz M: Real-time ultra-
sound for diagnosis of symptomatic venous
thrombosis and for screening of patients at risk:
correlation with ascending conventional venog-
raphy. Angiology 1989;40:527-533.

Pedersen OM, Aslaksen A, Vik-Mo H, Bassoe
AM: Compression ultrasonography in hospital-
ized patients with suspected deep venous throm-
bosis. Arch Intern Med 1991;151:2217-2220.
Birdwell BG, Raskob GE, Whitsett TL, Durica SS,
Comp PC, George JN, Tytle TL, Owen WL,
Mckee PA: The clinical validity of normal com-
pression ultrasonography in outpatients sus-
pected of having deep venous thrombosis. Ann
Intern Med 1998;128:1-7.

Lensing AW, Doris CI, McGrath FP, Cogo A,
Sabine MJ, Ginsberg J, Prandoni P, Turpie AG,
Hirsh J: A comparison of compression ultrasound
with color Doppler ultrasound for the diagnosis
of symptomless postoperative deep vein throm-
bosis. Arch Intern Med 1997;157:765-768.
Kassai B, Boissel JP, Cucherat M, Sonie S, Shah
NR, Leizorovicz A: A systematic review of the
accuracy of ultrasound in the diagnosis of deep
venous thrombosis in asymptomatic patients.
Thromb Haemost 2004;91:655-666.

Taffoni MJ, Revenel JG, Ackerman SJ:
Prospective comparison of indirect CT venogra-
phy versus venous sonography in ICU patients.
AJR Am ] Roentgenol 2005;185:457-462.
Agnelli G, Volpato R, Radicchia S, Veschi E, Di
Filippo P, Lupattelli L, Nenci GG: Detection of
asymptomatic deep vein thrombosis by real-
time B-mode ultrasonography in hip surgery
patients. Thromb Haemost 1992;68:257-260.
Intersocietal Accreditation Commission (ICAVL):
Essentials and standards for accreditation in non-
invasive vascular testing. II. Vascular laboratory
operations: peripheral venous testing. 2000;1-8.
www.intersocietal.org/intersocietal.htm.

Kearon C, Julian JA, Newman TE, Ginsberg JS:
Non-invasive diagnosis of deep venous thrombo-
sis. McMaster Diagnostic Imaging Practice
Guidelines Initiative. Ann Intern Med
1998;128:663-677.

Baarslag HJ, van Beek EJR, Koopman MMW,
Reekers JA: Prospective study of color Duplex
ultrasonography compared with contrast venog-
raphy in patients suspected of having deep
venous thrombosis of the upper extremities.
Ann Intern Med 2002;136:865-872.

Lin EP, Bhatt S, Rubens D, Dogra VS: The impor-
tance of monophasic Doppler waveforms in the
common femoral vein. ] Ultrasound Med
2007;26:885-891.

Adolfo E. Kaplan, MD

1604 East 8th Street, Suite A
Weslaco, TX 78596 (USA)
Tel. +1 956 447 5557, Fax +1 956 447 5747, E-Mail Akaplan0504@yahoo.com

108

33

34

35

36

37

38

39

40

41

42

43

44

45

Blaivas M, Lambert MJ, Harwood RA, Wood JP,
Konicki J: Lower-extremity Doppler for deep
venous thrombosis: can emergency physicians
be accurate and fast? Acad Emerg Med
2000;7:120-126.

Lockhart ME, Sheldon HI, Robbin ML:
Augmentation in lower extremity sonography
for the detection of deep venous thrombosis.
AJR Am ] Roentgenol 2005;184:419-422.
Appelman PR, De Jong TE, Lampmann LE: Deep
venous thrombosis of the leg: US findings.
Radiology 1987;163:743-746.

Mantoni M: Diagnosis of deep venous thrombo-
sis by duplex ultrasonography. Acta Radiol
1989;30:575-579.

Frazee BW, Snoey ER, Levitt A: Emergency
department compression ultrasound to diagnose
proximal deep venous thrombosis. ] Emerg Med
2001;21:444-445.

Poppiti R, Papanicolaou G, Perese S, Weaver FA:
Limited B-mode venous imaging versus com-
plete color-flow duplex venous scanning for
detection of proximal deep venous thrombosis. |
Vasc Surg 1995;22:553-557.

Frederick MG, Hertzber BS, Kliewer MA,
Paulson EK, Bowie JD, Lalouche K], Delong DM,
Carol BA: Can the US examination for lower
extremity deep venous thrombosis be abbrevi-
ated? A prospective study of 755 examinations.
Radiology 1996;199:45-47.

Cogo A, Lensing AW, Prandoni P, Hirsh J:
Distribution of thrombosis in patients with
symptomatic deep vein thrombosis. Implications
for simplifying the diagnostic process with com-
pression ultrasound. Arch Intern Med
1993;153:2777-2780.

Markel A: The potential role of thrombolytic
therapy in venous thrombosis. Arch Intern Med
1992;152:1265-1267.

Pezzullo JA, Perkins AB, Cronan JJ: Symptomatic
deep vein thrombosis: diagnosis with limited
compression US. Radiology 1996;198:67-70.
Badgett DK, Comerota MC, Khan MN, Eid IG,
Kerr RP, Comerota AJ: Duplex venous imaging:
role for a comprehensive lower extremity exami-
nation. Ann Vasc Surg 2000;14:73-76.

Maki DD, Kumar N, Nguyen B, Langer JE, Miller
WT, Gefter WB: Distribution of thrombi in acute
lower extremity deep venous thrombosis: impli-
cations for sonography and CT or MR venogra-
phy. AJR Am J Roentgenol 2000;175:1299-1301.
Bernardi E, Pesavento R, Prandoni P: Upper
extremity deep venous thrombosis. Semin
Thromb Hemost 2006;32:729-736.

Martine C, Viviand X, Saux P, Gouin F: Upper
extremity deep vein thrombosis after central
venous catheterization via the axillary vein. Crit
Care Med 1999;27:2626-2629.

47

48

49

50

51

52

53

54

55

56

57

58

59

Van Rooden CJ, Tesslar MET, Osanto S,
Rosendaal FR, Huisman MV: Deep vein throm-
bosis associated with central venous catheters: a
review. ] Thromb Haemost 2005;3:2409-2419.
Hill SL, Berry RE: Subclavian vein thrombosis: a
continuing challenge. Surgery 1990;108:1-9.

De Cicco M, Matovic M, Balestreri L, Panarello G,
Fantin D, Morassut S, Testa V: Central venous
thrombosis: an early and frequent complication in
cancer patients bearing long-silastic catheters. A
prospective study. Thromb Res 1997;86:101-113.
Grove JR, Pevec WC: Venous thrombosis related
to peripherally inserted central catheters. ] Vasc
Interv Radiol 2000;11:837-840.

Joffe HV, Kucher N, Tapson VE Goldhaber SZ,
Deep Vein Thrombosis FREE Steering
Committee: Upper-extremity deep vein throm-
bosis: a prospective registry of 592 patients.
Circulation 2004;110:1605-1611.

Mustafa BO, Rathbun SW, Whitsett TL, Taskob
GE: Sensitivity and specificity of ultrasonography
in the diagnosis of upper extremity deep vein
thrombosis. Arch Intern Med 2002;162:401-404.
Prandoni P, Polistena P, Bernardi E, Cogo A,
Casara D, Verlato F, Angelini F, Simioni P,
Signorini GP, Benedetti L, Girolami A: Upper
extremity deep vein thrombosis. Arch Intern
Med 1997;157:57-62.

Baarslag HJ, van Beek EJR, Koopman MMW,
Reekers JA: Prospective study of color Duplex
ultrasonography compared with contrast venog-
raphy in patients suspected of having deep
venous thrombosis of the upper extremities.
Ann Intern Med 2002;136:865-872.

Hiibsch PJ, Stiglbauer RL, Schwaighofer BA,
Kainberger FM, Barton PP: Internal jugular and
subclavian vein thrombosis caused by central
venous catheters: evaluation using Doppler blood
flow imaging. J Ultrasound Med 1988;7:629-636.
Fraser JD, Anderson DR: Venous protocols, tech-
niques, and interpretations of the upper and
lower extremities. Radiol Clin North Am
2004;42:279-296.

Magazzini S, Vanni S, Toccafondi S, Paladini B,
Zanobetti M, Giannazzo G, Federico R, Grifoni
S: Duplex ultrasound in the emergency depart-
ment for the diagnostic management of clini-
cally suspected deep vein thrombosis. Acad
Emerg Med 2007;14:216-220.

Jang T, Docherty M, Aubin C, Polites G:
Resident-performed compression ultrasonogra-
phy for the detection of proximal deep vein
thrombosis: fast and accurate. Acad Emerg Med
2004;11:319-322.

Trottier SJ, Todi S, Veremakis C: Validation of an
inexpensive B-mode ultrasound device for
detection of deep vein thrombosis. Chest
1996;110:1547-1550.

Kaplan - Kory



Endoscopic Ultrasound Applications



Chapter 13

Bolliger CT, Herth FJF, Mayo PH, Miyazawa T, Beamis JF (eds): Clinical Chest Ultrasound: From the ICU to the Bronchoscopy Suite.

Prog Respir Res. Basel, Karger, 2009, vol 37, pp 110-127

Principles and Practice of
Endoscopic Ultrasound

Kenichi Nishina? - Kenji Hirooka? - Jochen Wiegand® -

Harald DremelP

20lympus Medical Systems Corporation, Tokyo, Japan; ®POlympus Medical Systems Europa GmbH, Hamburg, Germany

Abstract

Thirty years ago Olympus began developing an ultrasound gastro-
scope. Since that time advances in signal processing and miniaturiza-
tion have allowed for an increasing area of application of ultrasound
diagnosis and treatment. In 1998 mechanical radial ultrasound probes
shrunk to a diameter which ensured compatibility with the instrument
channel of a bronchoscope. This made ultrasound diagnosis of
bronchial wall layers possible. In 2004 the world’s first electronic linear
ultrasound bronchoscope was introduced to the market and hence
fine needles used for the aspiration of tissue specimens could be reli-
ably monitored. Until now different ultrasound technologies have
been used for different diagnostic tasks. Moreover, the outer diameter
could constantly be reduced to reach peripheral lung areas. In addi-
tion, different ultrasound frequencies for varying penetration depths
are available nowadays. Complementary to this is the electric linear
technology with higher penetration allowing for endobronchial ultra-
sound-controlled transbronchial needle aspiration. The principles
behind this technology together with the functions and enhance-
ments available in today’s practice are summarized in this article and a
perspective on future technological development and therapeutic
applications is given. Copyright © 2009 S. Karger AG, Basel

The first attempt at intraluminal ultrasonography is consid-
ered to be a rectal scan performed by Wild and Reid [1] in
1956. However, only the study reported by Hagenmiiller
and Classen [2] in 1980 can be regarded as the first clinical
report on endoscopic ultrasonography, so-called EUS. The
device used combined endoscopic and ultrasound func-
tions and was manufactured by Olympus (fig. 1, 2).
Research and Development at headquarters in Tokyo, Japan
had started the development in 1978, with the target of pro-
viding an instrument for the early detection of pancreatic
cancer. Since then technical evolution, new materials and
improved manufacturing have opened the door for the

Fig. 1. The first prototype of a mechanical mirror-type ultrasound
endoscope.

introduction of a broad line-up of both ultrasound endo-
scopes and probes.

It took another 10 years to develop a mechanical radial
ultrasound miniprobe (UM-1W with 7.5 MHz) capable of
passing through the endoscope working channel. The outer
diameter of 3.5 mm still did not permit use with a broncho-
scope. The next development was an ultrasound probe of
2.5mm in diameter and 12/20 MHz (UM-2R/3R). Finally
in 1990, miniaturization permitted the first use of an ultra-
sound probe in the airways. Hiirther and Hanrath [3]
(Germany) were the first to report their experiences, fol-
lowed by Becker [4] (Germany) and Kurimoto et al. [5]
(Japan). A further milestone was reached in 1997 when
Olympus developed a new mechanical radial ultrasound



Fig. 2. Ultrasound image of the first prototype with 90° scanning
area using 5 MHz.

Fig. 4. Mechanical radial scanning EBUS-
TBNA scope prototype.

probe with balloon function. In order to observe the central
airways, a water-fillable balloon is required for acoustic
coupling to the bronchial wall. The outer diameter of the
probe and balloon sheath measures 2.6 mm to allow inser-
tion through the flexible bronchoscopes.

This product was released to the market in 1999 (fig. 3)
and has been used for tumor staging in the central airway
region. Ultrasound probes without a balloon sheath, so-
called ‘direct contact probes, allow diagnosis of peripheral
lesions due to their thin diameter, the thinnest measuring a
mere 1.7mm outer diameter. Furthermore they have been
useful in the diagnosis of the layers of the bronchial wall due
to their frequency-related (20 or 30 MHz) high resolution.
The development of a mechanical linear bronchoscope was
under way at the same time. The objective was to provide
transbronchial needle aspiration (TBNA) under real-time
ultrasound control. The first prototype of the endobronchial
ultrasound (EBUS)-TBNA bronchoscope had a reflection
mirror placed face-to-face with the ultrasound probe (fig. 4).

As image quality and performance were not meeting the
expectations, the focus was modified on the design of a

Principles and Practice of Endoscopic Ultrasound

Fig. 3. UM-BS20-26R, 2.6 mm outer diameter.

micro-sized electronic convex-type transducer assembled
for the first time in 2002. After additional enhancement

cycles of the endoscope and the aspiration needle system,
the EBUS-TBNA system was finally launched in 2004. The
system consists of a dedicated endoscope, aspiration needle
and ultrasound processing device (fig. 5-7).

This synopsis of the historical development also illus-
trates the paradigm shift from transducers with rotating
elements to those with electrically driven elements as well
as the coexistence of radial and linear transducers. A more
in depth description of the development of EBUS follows in
chapter 14, see pp. 128-139.

Principles of Endoscopic Ultrasound

Ultrasound: Frequency and Wavelength

Frequency stands for a specific number of vibration cycles
per second; it describes the pitch of a sound. Frequencies
are measured in units of hertz. In endoscopic ultrasound,
usually frequencies between 5 and 30 MHz are used. This
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Fig. 5. Ultrasound bronchoscope BF-UC160F-OL5.

Fig. 6. EBUS-TBNA needle system NA-2015X-4022.

Fig. 7. Ultrasound processing device EU-C60.

high-frequency sound is inaudible to the human ear. The
higher the frequency of a given tone the shorter the related
wavelength, the lower the frequency of a given tone the
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longer the wavelength. Frequency and wavelength are
inversely proportional to each other.

Propagation and Speed of Sound

Sound advances through various substances (referred to
below as the medium) including air and water. This process
is called propagation and the advancing speed of a sound
wave through the medium is called speed of sound.
Ultrasound waves propagate through different media at dif-
ferent speeds of sound.

Reflection and Transmission

When ultrasound waves propagate through the human
body, for example, at every border of tissue with a different
density (=medium with a different acoustic property) the
sound waves are partly reflected. The remaining part trans-
mits further into deeper areas. The ‘echo’ of a sound wave as
a result of the reflection on that tissue border, together with
the time from sound emission to reception of the echo, is
the information needed for ultrasound image reconstruc-
tion. The bigger the difference in acoustic properties
between two media the larger the proportion of the
reflected ultrasound and the smaller the proportion of
transmitted ultrasound. A strong echo results, for example,
from bones, typically lung tissue (with high gas concentra-
tion) or air (as in the bronchial system). Ultrasound waves
are almost completely reflected at the border between body
tissue and air. The acoustic properties of both media pre-
vent further transmission.

Attenuation

Ultrasound waves get weaker gradually as they propagate
through a medium. This phenomenon is called attenuation.
Attenuation is caused by absorption, when the vibration of
ultrasound waves is converted to heat due to friction. It can
also be due to dispersion as ultrasound waves swerve from
their original course when traveling through heterogeneous
tissue. Ultrasound wave energy diffuses while traveling thro-
ugh the body tissue, resulting in reduced vibration energy
concentration. The level of attenuation depends also on the
medium, being much higher in air than in water. Ultrasound
attenuation tends to increase with higher frequency.

Resolution

Spatial resolution as the level of detail of an image refers to
the capacity of a system to distinguish small objects from
others. With regard to the creation of an ultrasound image,
resolution can be categorized into two types, axial resolu-
tion and lateral resolution.

Nishina - Hirooka - Wiegand - Dremel



Short pulse (2 cycles) at high frequency

Fig. 8. Axial resolution.

Fig. 9. Ultrasound beam density.

Axial Resolution

Axial resolution depends on the ultrasound pulse duration.
If the distance between two targets is larger than half of the
ultrasound pulse duration, the ultrasound system can
translate the echoes as belonging to two separate targets. If
not the two targets become indistinguishable and are dis-
played as one large structure (fig. 8). Typically, in endo-
scopic ultrasound two to seven cycles are used. With a fixed
number of cycles the dominant factor defining the ultra-
sound pulse duration is the ultrasound frequency. In daily
practice endosonographers experience that the axial resolu-
tion increases with higher frequencies; technically this is
due to the adjustment of the pulse duration for any chosen
frequency by the ultrasound system.

Principles and Practice of Endoscopic Ultrasound

Lateral Resolution

Lateral resolution is the resolution in the ultrasound scan-
ning direction and describes the ability to distinguish small
objects placed in parallel to the scanning direction. Lateral
resolution depends on the size and number of ultrasound ele-
ments and the number of scanning lines used (=ultrasound
beam density, (fig. 9) but also on the frequency used (=ultra-
sound beam width, (fig. 10). The ultrasound beam emitted
from each element inside the transducer has a specific width
which expands gradually as the beam advances through the
medium. Electronic ‘beam focusing’ is applied to obtain the
maximum resolution technically possible. The ultrasound
beam width gets smaller as frequency increases; therefore, a
higher frequency also results in improved lateral resolution.
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Fig. 10. Ultrasound beam width.
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Fig. 11. Dependency between

Penetration

Ultrasound images can be acquired only from an area
within a limited distance from the ultrasound transducer
(see section on Attenuation above). Larger ultrasound
transducers are capable of transmitting powerful ultra-
sound beams and converting weak ultrasound echoes into
electrical signals, resulting in increased penetration depth.
Due to the limited space available in endoscopic ultra-
sound, penetration depth is less than in abdominal ultra-
sonography. The maximum penetration depth depends on
the frequency used. In principle, high frequencies (e.g. 20
or 30 MHz) do not penetrate as deep into the tissue as low
frequencies (e.g. 5 or 7.5 MHz). This is a principle that is
valid for sound in general, such as loud music originating
from a room next door. What is noticeable at first is the dif-
fuse, deep hammering sound of the low frequencies. Only
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when the sound source is approached do the high frequen-
cies become perceptible too and the music becomes more
differentiated. This example illustrates the dependency
between penetration and frequency (fig. 11).

Scanning Methods

Mechanical Scanning Method

Mechanical radial scanning technology uses a transducer
rotating up to 360° around the axis of the endoscope (fig.
12). The transducer is placed inside a cap or a catheter for
protection purposes and floats in ultrasound propagation
fluid to achieve good acoustic coupling. First introduced in
ultrasound gastroscopes, this technology is still unrivaled
in ultrasound miniprobes in which a flexible wire connects
the transducer with an external motor, thus permitting

Nishina - Hirooka - Wiegand - Dremel
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Fig. 13. Electronic radial scanning gastro-
scope GF-UE160-OL5 and mechanical radial
scanning miniprobe UM-520-17S.

diameters down to 1.7 mm. Mechanical radial is the choice
for the diagnosis of those cavities in which small instru-
ment diameter is a must, e.g. endoscopic diagnosis of
peripheral lung lesions (online suppl. video 1). Due to the
high frequencies achievable with radial ultrasound, this
technology permits the diagnostic evaluation of, for exam-
ple, bronchial wall structures to distinguish the ingrowth of
tumors from the compression of the airways.

Electronic Scanning Method

Electronic scanning technology uses transducers com-
posed of tens to hundreds of fixed elements that are elec-
tronically switched (fig. 12). Mainstream in electronic
scanning ultrasound endoscopes are transducers in the
form of a curved linear array. The scanning direction of
the transducer is parallel to the insertion direction of the
endoscope and scans in a 90° angle to the endoscope. This
allows full control of the instrument movement within the
ultrasound waves in real time. Usually frequencies
between 5 and 12 MHz are used for monitoring aspiration
needles in e.g. EUS-fine needle aspiration or EBUS-TBNA
(online suppl. video 2). Transducers of electronic scan-
ning-type ultrasound endoscopes require dedicated
cabling, which limits the possibilities of miniaturization.

Principles and Practice of Endoscopic Ultrasound
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The advantage of such transducers lies in increased diag-
nostic options, such as the use of Doppler functions to dis-
play flow, multi- or dynamic focus to increase image
quality, the use of harmonic waves for image construction
and multibeam scanning as the timing, sequence and pair-
ing of ultrasound impulses are managed electronically.

Complementarity of Electronic and Mechanical Scanning
The latest development is the catheter-type ultrasound
miniprobe for the airway field, with a distal tip diameter of
l4mm and maximum diameter of 1.7mm in radial
mechanical technology. Compared to the first electronic
radial gastroscope introduced in 2006 the cross section of
the miniprobe is about 50 times smaller despite covering
the same 360° scanning area (fig. 13).

Once the transducer is rotated mechanically during the
transmission and reception of ultrasound, one scanning
line is generated for each transmission/reception. The
number of scanning lines in mechanical radial technology
has no relation to probe diameter. Based on current techni-
cal possibilities, electronic scanning technology in small-
diameter devices does not permit the high-quality
ultrasound image that mechanical scanning miniprobes
provide.
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Table 1. Basic components of an ultrasound endoscope

Type Component Function
Endoscopic  lighting lens emit light into body cavity
function light guide fiber
objective lens transmit the endoscopic image
image-guiding
fibers
bending bending and straightening of the
mechanism endoscope
at distal end
angulation wire
instrument used for aspiration, delivery of
channel anesthetic fluid and
endotherapeutic devices
Ultrasound  ultrasound transmitter and receiver unit
function transducer
transducer transmit electrical signals to and
cables from the transducer
balloon allow use of a balloon for better
attachment acoustic coupling, prevent
mechanism balloon ruptures

balloon channel fill/drain the balloon

Practice of Creating an Ultrasound Image

Limitations of Ultrasound in Endoscopic Devices

The most crucial aspect in constructing an ultrasound endo-
scope is its compact design (table 1). The right balance
between endoscopic functionality, endoscopic image quality,
outer diameter of the endoscope and defined requirements
with regard to ultrasound diagnosis, i.e. penetration depth,
resolution and scanning range, has to be chosen. The com-
plexity increases with the parallel design of a dedicated nee-
dle system and the balancing of diameter and stiffness of the
needle to achieve the best possible compromise. To accom-
plish the requirement of minimizing the outer diameter of
the endoscope while balancing the components responsible
for ultrasound image quality, a compromise was necessary
with regard to endoscopic image quality. Olympus decided
to move the CCD (charged coupled device or video chip)
from the distal tip to the control section of the endoscope.
The space that became available permitted more important
features for EBUS-TBNA to be implemented. The video
image is transmitted via glass fibers from the tip of the endo-
scope to the endoscope handle. There, a CCD captures the
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image to be displayed as a video image on a monitor. The
adoption of this ‘hybrid’ optical system helped to achieve
specifications allowing access to a maximum area during the
EBUS-TBNA diagnostic procedure. Olympus was able to
introduce an EBUS-TBNA scope for diagnosis of lesions in
the central airways/mediastinum of less than 7 mm in diam-
eter in 2004.

Ultrasound Diagnostic Equipment — An Overview

The Transducer

The transducer consists of anything from a single (radial
mechanical) element to several tens to hundreds of (elec-
tronic radial or linear) elements. These elements are piezo-
ceramic crystals. Piezo crystals (e.g. polar crystals of
barium titanate or lead zirconate) vibrate under high-fre-
quency voltage and are thus used as an ultrasound source.
Piezo crystals, if subject to pressure (e.g. impact of an ultra-
sound echo), generate an electrical voltage. With these
properties piezo crystals serve as both sound source and, in
the inactive intervals, as receiver. A typical cycle within a
transducer element starts with an electrical pulse to gener-
ate a few oscillations and then the crystal is switched to
reception mode. Typically, more than 99% of the time of
one cycle is used to capture ultrasound echoes.

Equation for run time: t = 2-s/v

where t = time, f = frequency, s = penetration depth in
m, v = average speed of sound in meters per second.

Depending on the penetration depth and the speed of
sound, one cycle will last less than 0.1 ms at 7 cm penetra-
tion or 0.05ms at 4cm penetration depth (at an average
speed of sound through human tissue of 1,540 ms).

The Ultrasound System

Figure 14 illustrates the basic components of an ultrasound
system. The system will increase in complexity depending
upon additional features such as tissue harmonics or
Doppler features.

The transmitter excites the transducer elements with short
electrical pulses so that a burst of ultrasound is generated.
The returning echoes are then processed in an amplifier
known as a ‘sensitivity time control’ (STC) amplifier. This
amplifier increases gain (see section on Gain below) depend-
ing on time, thus compensating for attenuation in the deeper
regions of the target area. In a consecutive step the compen-
sated echo is converted from an analog to a digital signal. The
digital beam-former combines the outputs of the individual
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Fig. 15. A-mode imaging.

receiver channels by using variable time delay and phase
adjustment to bring the received signals into concurrence and
hence bring an object into focus. Due to the wide dynamic
range of echo signals, the signal processing stage uses signal
level compression. This compressed signal is stored in the
memory where it is picked up by the scan converter and con-
structed into an image frame compatible with a monitor.

Basic Imaging Modes
Amplitude Mode (A-Mode)

In A-mode the ultrasound system calculates and displays
the distance to a target based on the time a single reflected
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ultrasound pulse wave needs to return to the receiver. The
strengths of reflections are displayed in the form of ampli-
tude waveforms (fig. 15). This form of ultrasound imaging
is confined to the measurement of distances and is applied
nowadays in a number of diagnostic fields (ear, nose and
throat, eyes, brain).

Brightness Mode (B-Mode)

The most common form of ultrasound image display is
brightness mode where multiple single echo data of the
fixed transducer elements (linear, convex or radial array) or
from a moving single element transducer are combined.
After interpolation of the data for the areas between the
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Fig. 16. B-mode imaging.

scanning lines, an image can be displayed on a monitor
(fig. 16) using a graduation of 64-256 gray scales (bright-
ness levels). B-mode is the most common imaging mode in
endoscopic ultrasound.

Motion Mode (M-Mode)

In M-mode echo data of a single fixed transducer element are
displayed over time. It is a common form of ultrasound infor-
mation display in cardiology, especially to monitor real-time
movement of structures (e.g. heart valves), but not in EUS.

Artifacts

A Positive Approach towards Artifacts

Ultrasound imaging is not free of distortions caused by the
ultrasound wave energy and the density of tissue. Although
the artifacts from e.g. refraction, reflection and attenuation
interfere with diagnosis, they also help to describe tissue
properties.

Reverberation Artifacts

When a highly reflective tissue surface exists parallel to the
transducer, sound waves are repeatedly reflected between the
tissue surface and the transducer surface (fig. 17). As a result,
strong false echoes appear as multiple equally spaced lines on
the ultrasound image. In tissue containing two highly reflec-
tive surfaces (e.g. bubbles, calculus), this reverberation artifact
can also be seen if the structures are small enough (i.e. the
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reflective borders are close to each other). In this case an arti-
fact appears distally to the structure like a comet tail (fig. 18).

Mirror Image Artifact
Mirror reflection happens when ultrasound waves propa-
gate through tissue with strong impedance mismatch.

At the border surface the ultrasound beam is reflected
almost completely. In consequence it continues to travel
back towards proximal structures, producing mirror
echoes. As ultrasound systems generate images depending
on the time between sound emission and echo, figure 19
illustrates the prolonged run time of the reflected beam that
causes the false image (mirror image).

Side Lobe Artifacts

Ultrasound beams are emitted not only in a 90° direction to
the central axis direction of the transducer (main lobe), but
also in obliquely emitted side lobes (surrounding the main
lobe). Side lobes appear due to the vibration of the piezo
crystal that is not limited to the central axis. Particularly
with electronic scanning-type transducers, the interference
of spherical waves can create side lobes (grating artifacts).
As the ultrasound system cannot discriminate between
echoes resulting from the main lobe and side lobes, a false
image is created when a highly reflective object exists in the
direction of the side lobe (fig. 20). Repositioning the trans-
ducer will help to provide conclusions on the authenticity of
the structure displayed.
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Attenuation Artifacts

Artifacts caused by ultrasound attenuation include a tad-
pole tail sign and acoustic shadow (fig. 21, 22). Tissues with
low acoustic impedance result in lower attenuation than tis-
sues with higher impedance. In a diagnostic situation with a
central ‘low impedance’ structure (A), the ultrasound wave
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(B) propagating through this tissue is less attenuated than
corresponding waves (C) from other transducer elements
that propagate through higher impedance tissue (D). In
conclusion the energy level and echo at the distal border of
the low impedance structure (A) will be higher than the
energy level of wave C. The ultrasound system will therefore
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display the area distal to A more brightly compared to sur-
rounding tissue. This phenomenon is called tadpole tail
(fig. 21).

The ‘acoustic shadow’ artifact (fig. 22) is the reverse
effect of the tadpole tail, as the area behind a high imped-
ance structure is displayed with lower brightness than the
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circumference. As the ultrasound beam is almost com-
pletely reflected at the border and/or attenuated within the
high impedance structure, the posterior area does not
receive ultrasound waves or only receives them at a very low
energy level. This phenomenon can be studied with, for
example, bone and calculus.

Nishina - Hirooka - Wiegand - Dremel




Ultrasound transducer

Fig. 21. Tadpole tail attenuation artifact.

- High impedance tissue (D)
I:I Low impedance tissue (A)

B-mode image

Ultrasound transducer

Fig. 22. Acoustic shadow attenuation arti-
fact.

|:| High impedance tissue
- Low impedance tissue

B-mode image

Acoustic
shadow

-

Practice of Enhancing an Ultrasound Image
Basic Features

Gain

Gain is a function for adjusting the brightness of the com-
plete image. Changing gain makes the whole image brighter
or darker, but the difference in brightness between light and
dark areas on the image does not change.

Principles and Practice of Endoscopic Ultrasound

Contrast
Contrast is a function for adjusting the brightness between
light and dark areas of the image. This is especially useful
in ultrasound images of echo-poor structures, as the rela-
tively low echo signal can be increased considerably using
contrast.
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Fig. 24. Power Doppler in B-mode image.

Sensitivity Time Control

STC is also called time gain control and refers to the func-
tion for adjusting gain depending on the run time of an
echo. As ultrasound waves are attenuated while propagating
through the tissue, the brightness of echo signals in the far
field is lower compared to areas close to the transducer. In
order to correct the brightness and obtain an even bright-
ness across the image, the amplitude ratio of the echo signal
is increased in the ultrasound system depending on dis-
tance (fig. 23).

Advanced Features

Doppler

Doppler Shift. The Doppler function of the ultrasound
processor is named after the Austrian physicist Christian
Andreas Doppler who first described in 1842 how the
observed frequency of light and sound waves was affected
by motion. The phenomenon became known as the
Doppler effect. In tissue analysis this effect can be observed
as ultrasound waves emitted from the transducer are
reflected by moving red blood cells. Depending on the flow
direction of the blood cells the original ultrasound fre-
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quency is shifted, hence the effect is also called the Doppler
shift. From everyday life we know the sound frequency of
an approaching and then passing car changes. The number
of sound waves reaching the ear in a given amount of time
determines the tone; it is stable if the sender and receiver
maintain the same distance from each other. The frequency
increases when objects move towards each other and
decreases when objects move apart. For diagnostics this
implies that red blood cells flowing towards the transducer
reflect a higher frequency, whilst blood cells flowing away
from the transducer reflect a lower frequency. In blood ves-
sels parallel to the transducer (stable distance of the blood
cells to the transducer) the Doppler shift frequency
becomes ‘zero’ and hence does not change the original fre-
quency. In endoscopic ultrasound systems pulsed-wave
Doppler technology is used to generate depth information
of the frequency shift and is most commonly combined in a
B-mode image (duplex scanning).

Power Doppler. Power Doppler mode (fig. 24) permits
the detection of slow flow movement. It is more sensitive
than color Doppler (see section below) as the returning
echoes from the blood cells are analyzed by their power
spectrum instead of by frequency shift information or
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Fig. 26. Color Doppler in B-mode image.

velocity only. Power Doppler is used whenever small blood
vessels need to be detected reliably and measurement of
speed or direction of flow is not required.

Color Doppler (Duplex Scanning). In color Doppler
mode information on frequency shift and blood flow direc-
tion is measured. The ultrasound image (fig. 25) shows the
location and size of the vessel. With the help of the color
Doppler, information on blood flow direction and velocity
is added to the image (fig. 26). Figure 27 shows that in this
instance blood is flowing from right to left: first away from
the transducer then towards the transducer. For the indica-
tion of flow direction and velocity a color code is used (fig.
26-28). Here, blood flowing away from the transducer is
rendered in blue color shades, blood flowing towards the
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Fig. 27. Blood flow direction.
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Fig. 28. Explanation of color code bar.

transducer is rendered in red color shades. The color bar
(fig. 28) also includes information on velocity: the color most
distal to the central black color stands for fast movement
(yellow and turquoise), the black color itself stands for no
(measurable) velocity.

Spectral Doppler. Spectral Doppler further enhances the
color Doppler information. Using spectral Doppler mode
(fig. 29) the flow properties are measured within a small
array. The examiner moves the range marker (cursor) onto
the vessel under examination. The flow properties of the
red blood cells within the gate marked are then calculated

123



7.54 5.0 RO5 G57 C4
3: 0LYHPUS EEUS

Fig. 29. Spectral Doppler.

Fig. 30. Spectral Doppler flow velocities. S = Maximum systolic
Doppler frequency; D = maximum end diastolic Doppler frequency;
mean = mean frequency during one pulse cycle.
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by the ultrasound system. The output of this information is
an audible flow sound and a graph showing the flow veloci-
ties (fig. 30) in relation to time (x axis). Systoles and dias-
toles can thus be easily recognized. Based on the spectrum
of frequencies measured, a pulsativity index (PI; Gosling)
and a resistance index (RI; Pourcelot) can be calculated.

PI = (S — D)/mean
RI = (S—D)/S

Harmonic Imaging

Introduction. In conventional ultrasound, the ultrasound
system transmits and receives the sound pulse of a specific
frequency. The difference between the transmitted and
received signal is intensity, as the signal propagates through
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tissue. In ‘harmonic imaging, the reflected signal includes
not only the transmitted ‘fundamental’ frequency but also
‘harmonic’ frequencies which are integral multiples of the
fundamental frequency.

The ultrasound system receives both signals but further
processes only the harmonic components.

Tissue Harmonic Imaging. In tissue harmonic imaging,
higher harmonics generated through the propagation of
ultrasound are used to improve the lateral resolution in B-
mode images. The ultrasound wave acts as pressure wave.
This pressure compresses and relaxes the tissue alternately.
Where tissue is compressed, the density and therefore also
the speed of sound becomes higher. The distal part of the
wave runs faster than the rest of the wave. When the tissue
relaxes the speed of sound is reduced accordingly. Since the

Nishina - Hirooka - Wiegand - Dremel



Fig. 32. Convex EUS gastroscope.

speed of sound varies at different parts of the waveform, the
transmitted wave is distorted. This distortion of the wave-
form produces harmonics. This phenomenon occurs in
varying degrees throughout the ultrasound field of view.
Due to the run time of the wave, the area close to the trans-
ducer is less affected, due to attenuation the far field is not
affected; it is only in the midfield that distortion in the wave
starts to create harmonics. As a result, the generation of har-
monics by tissue will only be observed in the midfield of the
ultrasound image. One of the main properties of a harmonic
ultrasound beam is a narrow main beam with a low side lobe
level compared to a fundamental wave (fig. 31), which per-
mits significantly better gray-scale contrast resolution.
Contrast Harmonic Imaging. Contrast harmonic imaging
can be provoked by injecting dedicated contrast agents into
the blood cycle during the ultrasound examination. A visible
reaction enhances the tissue structure. To generate har-
monic signals a contrast agent consisting of microbubbles
that are slightly smaller than red blood cells is used. When
the transmitted pulse wave hits a bubble, it is partly
reflected. More importantly, the impact of the ultrasound
pulse makes the bubble vibrate. At high amplitudes the con-
trast medium shows stronger resistance to compression than
to expansion and resulting vibrations become asymmetrical,
producing the harmonic echo. This kind of imaging benefits
from strong harmonic components being created only in
areas with bubbles. By further processing only the harmonic
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Fig. 33. Forward-viewing convex-type ultrasound endoscope.

Fig. 34. Comparison of distal tips.

components, the ultrasound system can generate very high
contrast images that are relatively free from interference as
compared to conventional ultrasound imaging.

Future Perspectives in Endoscopic Ultrasound

Forward-Viewing Ultrasound Endoscope

Ultrasound endoscopy continues to develop from a purely
diagnostic into an indispensable therapeutic modality.
Therapeutic treatments using EUS-fine needle aspiration
are being carried out including pancreatic pseudocyst
drainage, celiac plexus neurolysis and drug injection
against tumors. In order to perform these advanced inter-
ventional procedures, not only suitable endotherapy
devices but also improved ultrasound endoscopes are nec-
essary. The current convex-type ultrasound endoscope con-
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Fig. 35. Biplane-type ultrasound endoscope.

sists of a transducer placed on the tip, and behind it the
oblique optical system and instrument channel open aslant
(fig. 32).

This has features that are inconvenient for therapeutic
approaches: the rigid part of the endoscope tip is relatively
long. All protruding endotherapy devices are bent at the
distal end of the working channel, resulting in resis-
tance/friction between the instrument and the endoscope.
Figure 33 shows a study of a forward-viewing convex-type
ultrasound endoscope. A small size transducer is placed on
the tip, which performs linear forward scanning. This
allows for a forward-viewing endoscopic optic and a
straight instrument channel. The working channel size is
3.7 mm and a water jet function is provided to ensure a per-
manent optimal endoscopic and ultrasound view. These
improved specifications (fig. 34) allow better maneuverabil-
ity of the distal end of the endoscope and better control of
endotherapy devices.

Biplane Ultrasound Endoscope

Despite the strong requests for an improved therapeutic
ultrasound endoscope, endosonographers continue to
demand an ultrasound endoscope that combines diagnostic
and therapeutic specifications, allowing them to switch
from diagnostics to therapy with the same scope. A poten-
tial solution may be provided by the biplane-type ultra-
sound endoscope with two scanning planes, radial and
convex (fig. 35), resulting in an increase in the distal end of
the endoscope in terms of size and length. Consequently
the aim is to advance from the biplane-type to a multiplane-
type ultrasound endoscope capable of obtaining an arbi-
trary scanning plane.
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So far, due to less strict dimensional requirements and the
high level of EUS use, ultrasound endoscopy in gastroen-
terology allows for the earlier adoption of technologies than
bronchoscopy. Today’s concepts for improved ultrasound
gastroscopes will pave the way for further improvements and
the adoption of new concepts in the respiratory field.

Therapeutic Endoscopic Ultrasound

Therapeutic ultrasound-guided procedures such as percu-
taneous ethanol injection therapy and radiofrequency ther-
mal therapy are already being performed for the treatment
of hepatic cancer. Few reports exist on ultrasound-guided
therapies in the airway field, but studies are expected to
emerge in the future. With regard to interventional EUS
procedures reported in recent years, some of them have
already been performed clinically, including pancreatic
pseudocyst drainage, celiac plexus neurolysis/block (pain
relief for advanced pancreatic cancer), choledochoduo-
denostomy for jaundice treatment and endoscopic necro-
sectomy. Others are in the animal experiment stage,
including gastrojejunostomy. The advantage of interven-
tional ultrasound-controlled therapies is the ability to
approach the target organ to be treated, delineate the real-
time cross-sectional image of the lesion, confirm the lesion
and surrounding organs on the cross-sectional image and
perform the treatment (stent delivery, drug injection and so
forth) safely and reliably. With regard to pancreatic cancer,
some remarkable studies are being performed on ethanol
injection into pancreatic cyst tumors [6], anticancer drug
injection, and gene injection (TNFerade). Studies of great
interest for the future include transesophageal medi-
astinoscopy [7] and EBUS-guided implantation of a fiducial
marker for intensity-modulated radiation therapy [8].
Natural orifice transluminal endoscopic surgery is taking a
growing interest in the field of the digestive system. There
may exist some potential applications in the mediastinum
for which the natural orifice transluminal endoscopic
surgery approach is thought to be useful. Ultrasound would
be able to assist in showing a safe route towards the medi-
astinum. Not only marker implantation, but also radiation
seed implantation (as performed in the treatment of
prostate cancer), may be carried out safely and reliably
under ultrasound control. The need for ultrasound guid-
ance and control will further increase with the development
not only of markers and radiation sources but also of
devices and drugs effective in the local therapy of localized
diseases. We believe there is also a high potential for thera-
peutic ultrasound in the respiratory field.
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Short History of the Development of
Endobronchial Ultrasound - A Story of

Success
Heinrich D. Becker

Department of Interdisciplinary Endoscopy, Thoraxklinik Heidelberg, Heidelberg, Germany

Abstract

In this article the need for endobronchial ultrasound (EBUS) to
expand the bronchoscopist’s view beyond the airways is explained.
The development of suitable instruments for application in the air-
ways was based on experiences with gastrointestinal endosonogra-
phy. But special requirements for devices that could be applied
within the airways prolonged the development of dedicated devices.
First, radial miniaturized catheters had to be fitted with balloon
catheters to provide circular contact within the airways. The develop-
ment of these probes took almost 10 years before coming on the
market in 1999. As their application is somewhat complicated, EBUS
gained more interest within the pulmonological society since inte-
grated ultrasonographic bronchoscopes were developed and per-
fected for routine use. Since then ultrasound has become almost a
routine procedure and is currently beginning to replace conven-
tional methods. On the basis of the recent increase in speed of the
development in EBUS it can be assumed that there is a potential for
future development. Copyright © 2009 S. Karger AG, Basel

EBUS remains the highest impact technology for this year.
Kevin Kovitz, President, American Association for Bronchology
[CHEST, Chicago, I11., 2007]

Everything we see hides another thing, we always want to see what is
hidden by what we see. There is an interest in that which is hidden and
which the visible doesn’t show us.

Rene Magritte [quoted in Sylvester: Magritte, the Silence of the World.
Huston, Menil Foundation, 1992, p 24]

In an editorial published in 2006 in Respiration, the author
described the development of endobronchial ultrasound
(EBUS) as a paradigm for the introduction of innovative
technologies in general [1]. This is a complex process from
the first idea to the technical development, to studies of

feasibility and safety, to evidence-based data and convinc-
ing the community, to implementation as standard proce-
dure and reimbursement; processes that were described in
detail by Rogers [2] and which the author experienced in
the development of other technologies such as the
Ultraflex® stent, electromagnetic navigation or currently
Vibration Response Imaging (VRI). In this contribution
about the history of the development of EBUS the main
focus is on the steps in the development of the technology.
Not all its indications and results will be described and
also, as the literature about EBUS has become so vast [3],
references are only made to a few pioneering key note arti-
cles. As the nomenclature that the companies created for
the different devices has become so complex, mainly com-
mon descriptive terms are used and for the more interested
reader occasionally the classification type is explained in
parentheses. Finally, a large number of engineers and of
physicians have been involved and have contributed their
ideas and experience to this enterprise. It was time con-
suming and sometimes difficult to find the exact chronol-
ogy within the files which during the complex process over
almost the last 20 years have become dispersed in different
compartments of the archive. Thus when certain names are
mentioned, this is also the result of personal memory and
judgment and does not imply that any person who should
have been given due credit was deliberately omitted; we
apologize here to anybody who may not be mentioned.
Also, as memories can be treacherous and may fail occa-
sionally, correction of any mistakes that may flaw the
undertaking would be appreciated. Having said this why
should we need EBUS after all?



Fig. 1. Tip of the ultrasonic gastroscope type
GIF-UM3 with instrumentation channel, port
of light guide and lens optic to the right,
proximally to the mechanical radial trans-
ducer at the tip, which is covered by the dedi-
cated balloon for better surround contact to
the esophageal wall. The transesophageal
(ES) EUS image shows the descending aorta
(DAO), several lymph nodes (LN) and the dor-
sal wall of the trachea (TR) while the air
causes a large shadow, preventing the view
to the anterior mediastinum and part of the
paratracheal region (Olympus Co).

Why There Was a Need for EBUS

Within the central airways, the endoscopist’s view is restric-
ted to the lumen and to the internal surface. Intramural
processes and those adjacent to the airways as well as medi-
astinal structures can only be assessed from indirect signs,
including discoloration, displacement and destruction of
anatomical structures [4]. In the 1980s, despite early enthu-
siasm with the broader application of CT, clinical staging of
lung cancer corresponded to pTNM in only 60% of cases
[5]. After its introduction CT imaging became and still
largely is state of the art for preoperative staging of lung can-
cer. However, whereas CT proved useful for evaluation of
primary tumors and metastases, its reliability in diagnosis of
lymph node involvement proved disappointing and espe-
cially for the diagnosis of airway wall infiltration it is com-
pletely insufficient. When an interface between a
mediastinal mass and the wall is missing, differentiation is
impossible as both structures are of water density. In many
cases of such masses our surgeon found no invasion at
explorative thoracotomy; thus, there was a demand for a
new preoperative imaging technology because from the
interior aspect bronchoscopy was also unable to detect inva-
sion. This is why we began to see endoscopic ultrasound
(EUS) as a potentially useful technology for the airways [6].

Short History of the Development of EBUS

GIF-UM3

How EBUS Was ‘in the Air’

My personal experience with ultrasound in medicine began
in the mid 1970s. Trained primarily as a gastroenterologist
and having been exposed to abdominal ultrasound from its
very beginning in the early 1970s, I started to apply A-mode
devices mainly for intra-abdominal lesions as used by neu-
rologists and in obstetrics and later B-mode devices (the first
lecture on ultrasound was on the comparison of ultrasound
to laparoscopy in diffuse liver disease at the DEGUM con-
gress in Graz in 1979). The transthoracic vision into the
mediastinum was very limited even with advanced ultra-
sound probes [7]. In the late 1980s transesophageal EUS
became increasingly established in gastroenterology [8],
especially for the exploration of the esophagus with radial
scanning endoscopes. Thus a gastrointestinal EUS (Olympus
GIF-UM3) was also installed at our hospital in 1989.
However, it soon became obvious that visibility of mediasti-
nal structures by EUS was limited due to interference of the
airways and also to inaccessibility of important lymph node
stations due to their anatomical position (fig. 1). Thus a
transfer of the technique to endobronchial application ‘was in
the air. However, the large diameter of these instruments was
prohibitive for use within the airways. Thus smaller devices
had to be found.
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Fig. 2. First radial ultrasound probe Olympus UM-1W. d The tip of the probe is seen just outside the metallic catheter (for further details see
fig. 5). On a resected specimen of a middle lobe the probe fitted with a balloon attached to its tip is inserted into the lumen (b). The ultrasound
image shows the tumor in anterior position (TU) with the filled corresponding pulmonary artery (PA) to its left, which is compressed by the
tumor at its crossing towards the front (c). LLE =Lower lobe bronchus. e The endoscopic view of the probe with the balloon tied to its tip
inside the intermediate bronchus. f The view inside the balloon by direct contact with the lens of the bronchoscope shows the transducer
close to the edge of the image (arrow), two air bubbles attached to the probe and the balloon extending well down into the lower lobe
bronchus. This shows the problem we had with this balloon as it sometimes was not getting enough contact sideways with the airway wall.
The contact technique is always necessary for getting the anatomical orientation and for exact localization of a lesion or lymph node in rela-
tion to the airways. a The anatomical resection specimen demonstrates the setting schematically with the rigid catheter and probe with the

balloon introduced into the intermediate bronchus adjacent to a lymph node (LN) with metastasis from a tumor in the lower lobe (TU).

The Development of the First EBUS Probes (1990-1994)

For this purpose on the occasion of the World Congress for
Bronchology, in Tokyo in 1989, we approached Olympus
Co., which by that time had developed an ultrasonic radial
probe (UM-1W) for application in gastroeneterology for
small ducts; this came on the market in 1990. The fre-
quency was 7.5 MHz, the transducer rotated 360° and the
outer diameter was 3.4mm. This probe could only be
applied via the rigid bronchoscope as no flexible biopsy
channel was large enough. However, it became soon appar-
ent that with this probe the contact was so limited that only
a small sector could be visualized and orientation was very
difficult. In other applications organs could be filled with
water, which is an ideal conductive medium and allowed a
complete circular view. As this is not possible within the
central airways unless the patient is in danger of suffoca-
tion, a metallic catheter was devised with an entrance port
for insertion of the probe and a side port for instillation of
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sterile water. At the tip of this catheter a commercial latex
balloon (International Medical Co.) could be fixed by a
thread and the water in the balloon provided variable circu-
lar contact according to the corresponding bronchial
lumen. We tested the device in self-made phantoms, in
resected surgical specimens and in animal specimens for
safety and image quality before the first application in
humans (fig. 2).

At the same time Thomas Hiirther in Aachen, Germany
cooperated with a cardiologist (Prof. Hanrath) who applied
miniature probes inside the blood vessels and thus he devel-
oped the idea of using these in the airways, too. He used
Boston SC Sonicath® probes of 6.2 and 6.9 french that rotated
at 10-15rpm and had a frequency of 20 MHz with 360° sur-
round view. The depth of penetration was 1.75 cm with a spa-
tial resolution of 200 wm. For visualization of the pulmonary
artery he injected 10ml of oxypolygelatine as contrast
medium. He was the first to publish clinical results in 1990
[9] and already described the indication for central tumors,
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analysis of the wall, lymph nodes and peripheral lesions. In
his paper he also described the need for a balloon catheter
and was hoping for a 3-dimensional imaging device. From
June 1990 to February 1991 he examined 100 patients with
an improved probe of 4.8 french with a balloon sheath of 6.2
french that he introduced via an Olympus BF1T20D Scope.
For peripheral lesions he used the probe with an open
catheter via which he performed the biopsies after successful
placement and could achieve a definite diagnosis in 19/26
cases. In his paper of 1992 [10] he already suggested further
studies for the precise role of EBUS as compared to mediasti-
nal, esophageal and endovascular ultrasound. Thus, he has to
be considered the first pioneer in EBUS. Unfortunately he left
Aachen University in 1991 and afterwards did not work in an
environment that allowed him to pursue his studies and,
moreover, nobody continued his work at Aachen, so his
knowledge was in danger of being lost.

The third pioneer, Ryosuke Ono at the National Cancer
Center Hospital Tokyo, Japan together with Aloka Co.
developed an ultrasonic bronchoscope for diagnosis and
lymph node staging in the hilum and mediastium. The
instrument comprised an echo camera, SSD-630 and a
transbronchial ultrasonic probe similar to the currently
used videobronchoscope. The scope was equipped with an
ultrasonic transducer in its tip. The maximum diameter of
the probe head was 6.3 mm and that of the transducer was
5.0mm. The frequency employed was 7.5 MHz and the
direction of scanning was parallel to the bronchoscopic
axis. With the device, 25 patients, who had given their con-
sent for the ultrasonographic study beforehand, were exam-
ined during the 2-month period, January and February
1992. Vessels such as the thoracic aorta, pulmonary artery
and brachiocephalic trunk were good landmarks for diag-
nosis. Lung cancer was detected in 5 patients by biopsy,
three malignant lesions in the hilum were diagnosed by
videobronchoscopy while two malignant lesions in the
periphery were confirmed by bronchoscopic ultrasonogra-
phy as anterior mediastinal lymph node swellings [11]. I am
not aware whether Ono continued his research in EBUS as
it was impossible to find relevant information.

For several years the author met Hiirther at scientific
meetings and we exchanged experiences, especially with
respect to the lack of acceptance of the new technique by
the scientific community. In a personal letter about the his-
tory of the development of EBUS, dated September 25,
2001, he wrote after having received our CD about the
radial probe: “Your consequent work finally confirmed what
I imagined and developed some years ago. Back then endo-
bronchial ultrasound was either ridiculed or neglected. I

Short History of the Development of EBUS

Fig. 3. The CVIS Sonotron catheter system. The catheter is intro-
duced via a bronchofiberscope with its tip protruding outside the
biopsy channel. The syringes at the two proximal ports are used for
flushing the catheter and the airways with sterile water during the
procedure in order to provide better contact. The arrow is pointing to
the transducer at the catheter tip.

am very happy that my ideas of those days have been con-
tirmed today by your work’ Thus the development of EBUS
is another example for success of the motto by Shigeto
Ikeda, inventor of the flexible bronchoscope and one of my
mentors: ‘Never give up!’

During our experiences that we presented at several
meetings from 1992 on, we soon realized that the applica-
tion with the rigid tube had to be abandoned and smaller
probes for insertion via biopsy channels of regular flexible
bronchoscopes had to be found. As in those days Olympus
could not provide us with probes of a smaller diameter and
after evaluation of several devices of different companies,
we bought a CVIS® System of Cardiovascular Imaging
Systems Inc. distributed and supported by Diasonics
Sonotron (fig. 3). The CVIS catheters had an outer diameter
of 8 french (12MHz) and 10 french (20 MHz). The axial
resolution was 0.12mm, the lateral resolution 0.23 mm.
This system could be inserted into fiberoptic endoscopes
with a working channel of 2.8 mm. The images were com-
parable to those generated by the Olympus probe with even
a higher resolution as the frequency of 20 MHz proved
superior. But, despite repeated attempts, we were not able to
find or develop an appropriate balloon catheter sheath for
this device.

However, by 1994, when Olympus finally decided to
study EBUS research ‘in real earnest, we had gained enough
experience in the application of EBUS in more than 300
patients to know that the major 5 tasks were solved or about
to be solved: (1) to find appropriate systems, (2) to solve the
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Fig. 4. At the beginning we were exploring and comparing several endoluminal ultrasound devices (a) that were equipped with a variety of
ultrasound catheter probes with regard to image quality (b), of which only the Olympus probe and the CVIS catheter provided satisfactory
results. In order to establish an endosonographic anatomy of the mediastinum we could always compare the ultrasound image and the posi-
tion of the endoscope inside the airways with Dumon’s map close to the examination table on the wall (c). The former head nurse, Mrs.
Messerschmidt, was always enthusiastic and helpful in arranging the phantoms for control of the ultrasound image (d). e In this case the mark-
ers on the periphery of the model, which have been set at regular distances from the center and on the circumference, show identical dis-
tances from the core of the probe, but different distances on the circumference, which will also influence measures on images of the airways.

problems of application within the airways, (3) to establish
a sonographic anatomy of the airways and of the medi-
astinum, (4) to check the feasibility of clinical application
and (5) to investigate the cost effectiveness.

To this purpose we developed phantoms to evaluate
whether the images of the probes were stable and repro-
ducible. Markers where installed at regular intervals around
a circular wall with an identical radial distance from the
center of the probe that was fixed exactly in the center of the
phantom on a stand. Whereas the radial distance from the
center of the probe was stable from the beginning and cor-
responded exactly to the measurements, in the early devices
the distances from marker to marker on the circumference
could differ considerably. In later devices this was no longer
the case (fig. 4).

It was more tedious to establish a dedicated sonographic
anatomy of the airways and of the mediastinum. In order to
study the layers of the tracheobronchial wall we examined
resection specimens, unfixed postmortem specimens and
animal specimens of all parts of the airways from the trachea
to the peripheral bronchi and also isolated cartilages. This
led us to conclude that up to the segmental bronchi the wall
comprises seven layers which gradually taper away towards
the periphery [12]. The sonographic anatomy of the
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mediastinal structures is very complex and unusual. The
radial image is perpendicular to the axis of the probe and we
have to follow the course of the airways, after advancing
beyond the bifurcation, up to where the images correspond
to CT sections. From there the images are tilting more and
more towards a coronary view and finally can be inverse
horizontal within the apical segments of the upper lobes.
This is why we had Dumon’s diagrams of the mediastinal
anatomy, edited by the American College of Chest
Physicians (ACCP), hanging on the wall adjacent to the
examination table and constantly compared what we saw by
EBUS with the diagrams [13]. Thus finally we could estab-
lish the sonographic anatomy that was edited on an interac-
tive CD in 2000, which can be obtained from Olympus. On
it one can compare the endoscopic, ultrasonic and anatomi-
cal corresponding structures that can be viewed simultane-
ously from different angles in an interactive mode.

Development of Dedicated EBUS Systems - The Radial
Scanning or Miniprobe 1994-1999

From 1994 the history of EBUS is mainly a history of the
success of Olympus, which for many years to come would
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Fig. 5. Evolution of the radial scanning probe. a The rigid metal catheter can be seen with the probe inserted and its tip protruding at the dis-
tal end, which is shown at closer view as well as the proximal end with ports for inserting the probe and for attaching the syringe with sterile
water for filling once the balloon is attached. The arrow points to the connector for the driving unit. b The tip of the first prototype UM-2R/3R
can be seen, mounted into the balloon catheter. The tip of the balloon (XMH-246R) is not fixed at the tip of the catheter, which caused prob-
lems as by filling it always had a tendency to expand more towards the front than towards the sides and then contact with the wall for good
image quality was difficult. This was solved by a new model (c) and in the final product model, the UM-BS20-26R with balloon sheath MAJ-
643R. As seen in the sketch (d), the catheter has a notch at its tip, into which an o-ring at the tip of the balloon fits snugly. As a safety feature
for prevention of rupture of the balloon with a risk of latex particles dislodging into the lung, this o-ring slips off the notch, when the balloon
is overinflated or too much pressure is exerted during coughing and a few milliliters of water can escape into the airways. e The catheter is
seen completely mounted with the connector to the driving unit and the syringe with a stop cock and a connection catheter. EBUS probe with
dedicated catheter for biopsy of peripheral lesions (f) and peripheral probe with integrated cytology brush (g). Finally the connector is hooked
to the driving unit and the probe is introduced via the biopsy channel of the endoscope and the system is ready for use (h) with processor, key-
board, monitor and footswitch, which are combined with the regular endoscopic equipment.

be without competition and is still the leader in the field.
After evaluating the results of the preliminary studies and
after experience with the miniature probes in gastrointesti-
nal endoscopy, the first radial probes for gastrointestinal
use were launched in Japan (UM-2R and UM-3R with first
12, later 20 MHz), with which we had gained experience
from 1992 on. The first balloon sheath prototype (XMH-
246R) was developed for EBUS application with a 3.7-mm
channel bronchoscope (XBE-STD30) that we could evalu-
ate in Heidelberg (fig. 5). On August 19, 1994, Noriaki
Kurimoto in Hiroshima began studying EBUS as well. In
the same year Dr. Takahashi at the Sendai University also
received a system for evaluation. In 1995 the balloon sheath
was launched in Japan for gastrointestinal use. In the mean-
time the study groups could confirm the clinical usefulness
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of EBUS, especially for analysis of tumor invasion in early
and more advanced cancer, involvement of the bronchial
wall by mediastinal lesions, vessels, lymph nodes and
peripheral lesions within the lungs and more physicians
joined the group in Japan. On October 14, 1995, EBUS
received the first official recognition by the medical profes-
sion in Germany, when the author received the DEGUM
abstract award by the German Society for Ultrasound in
Medicine (at the 19th Meeting of the Societies for
Ultrasound in Medicine of Germany, Austria and
Switzerland) for presenting my experience in 400 applica-
tions, years before the pulmonologists began to realize the
impact of EBUS on pulmonary medicine [13].

The current balloon probe had two drawbacks: the diam-
eter was too large for regular bronchoscope channels and the
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Naming rule
Example

UM - BS 20 - 26

R
—E> Length

L——p» Max OD

———  » Frequency

P Type BS: Balloon sheath
S: Standard
G: Guide wire

» Ultrasonic mechanical

Fig. 6. Example of the complex terminology of the devices, which is
not always easy to memorize, but is important to know, when assort-
ing the equipment.

balloon frequently bulged out towards the front before solid
contact with the wall could be established. This is why in
1996 development of a new device was started that could go
through a biopsy channel of 2.8 mm. In parallel a peripheral
probe with an integrated cytology brush was produced as a
prototype for diagnosing peripheral lesions. In 1997 the
catheters for gastrointestinal use were also launched for
endobronchial application and the first prototype of a dedi-
cated EBUS probe (XUM-B20-26R, 2.6 mm) with balloon
sheath (XUM-S20-20R7 guide sheath for 3.7mm) was
developed. In parallel, on the request of Dr. Kurimoto to
diagnose peripheral lesions more reliably, an even smaller
probe of 2mm was produced that could be inserted via a
catheter through a regular bronchoscope [14]. The catheter
served as an ‘extended working channel” after reaching the
lesion by EBUS and a biopsy forceps could be inserted
instead of the probe, thus significantly improving the diag-
nostic results. In 1998 this probe was launched together with
the catheter (UM-S20-20R w. guide sheath for 2.8 mm) for
peripheral use and a second prototype of the balloon probe
was presented with an outer diameter of 2.6 mm. In 1999,
finally the dedicated EBUS balloon sheath probe (UM-
BS20-26R w. balloon sheath MAJ-643R) could be launched
worldwide on the market together with the MH-240 driving
unit and the EU-M20 and 30 processors, 10 years after the
first request for such a device (fig. 6)! In 2000 we presented
its application in a first joint live transmission from
Heidelberg and Mayo Clinic, Rochester, Minn. to the con-
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gress venue in Yokohama at the 11th World Congress of
Bronchology and Bronchoesophagology, which was under
the motto: ‘Bronchoscopy in the Computer Age’ Since then
it has been constantly in use and has proved its reliability
and usefulness in thousands of applications worldwide. This
is documented in a first monograph on EBUS (in Japanese),
which was edited by the Japanese multicenter study group,
inaugurated in 1997 and led by Prof. S. Hitomi of the Kyoto
University (fig. 7). Further developments in the radial probe
were mainly concerned with miniaturization of the probe
and sheath for easier application in the periphery and in
1999 we started investigating a prototype of an ultrasonic
probe that by simultaneous rotation and movement along its
longitudinal axis could produce 3-dimensional images. This
was a promising device for the future but needed simplifica-
tion in its use for spatial reconstruction of the anatomy and
pathologies, which might increase the understanding of
ultrasound images and enhance discussion with other spe-
cialists. Especially in combination with image fusion with
endoscopic images and Doppler function it might become
useful for planning and monitoring bronchoscopic inter-
ventions [15]. In the same year the first request for an inte-
grated ultrasonic endoscope for EBUS-controlled
transbronchial needle biopsy of mediastinal lymph nodes
was made by Dr. Krasnik from Copenhagen, Denmark.

Development of a Dedicated EBUS Bronchoscope -
The So-Called ‘Puncture Scope’ 1999-2008

As mentioned before, the radial probe was not so easily
accepted by the medical community. This was due to the
relatively complicated handling of an instrument up to then
unfamiliar to pulmonologists, although Falcone et al. [16],
member of the European Study group, could show that the
method was not too difficult to learn. Also from experience
in gastrointestinal ultrasonic endoscopy there was a feeling
that real-time ultrasound-controlled needle biopsy would
be necessary. For transesophageal needle aspiration this is
true. The esophagus is an elastic longitudinal tube without
any significant landmarks that is stretched and folded by
moving the esophagoscope up and down, whereas the
paraesophageal lymph nodes remain in a fixed position.
Thus their position cannot be assumed by measuring the
distance of the tip of the endoscope to the teeth and real-
time control of the needle is necessary. In contrast, the air-
ways are comparatively rigid and do not move inside the
mediastinum in relation to the lymph nodes. Also, in the
airways it is possible to get orientation according to the
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Fig. 7. On the photo of the members of the Japan Multi Center Study Group, taken at the meeting in February 1998 in Osaka, Japan, among
others the chair, Prof. S. Hitomi (second from the left), can be seen sitting in the front row between Dr. Shirakawa and the author. Behind Dr.
Shirakawa, the Japanese pioneer in EBUS, Dr. Kurimoto is standing in the second row and in this row there are Kenji Hirooka, now General
Manager of the Ultrasound Technology Department, Olympus, Tokyo (4th from the right) and Kenichi Nishina, Assistant Manager and Senior
Product Engineer of the EUS Scope Group (1st from the right) (a). My copy of the first monograph on EBUS published by the group in 1999 (b)
has a dedication and signatures of all the members in commemoration of the event (c). EBUS was the main topic of the first long-distance live
transmission from our endoscopy unit in Heidelberg to the congress venue in Yokohama at the 11th WCB/WCBE on June 9, 2000. On the big
screen Dr. Herth's hand can be seen holding the bronchoscope while demonstrating how the balloon of the radial EBUS probe is inflated with

water while the author is sitting next to Dr. Arai on stage and comments the images (d).

clear landmarks of cartilage rings, spurs and ramifications
that do not change their position. Thus localization of a
lymph node by the radial probe is sufficient for successful
transbronchial needle aspiration (TBNA) after withdrawal
of the probe as we could show in prospective studies [17,
18] (online suppl. video 1). After preliminary experience
with introducing the needle via the flexible endoscope
while controlling its position by parallel insertion of the
radial probe via the rigid bronchoscope, we had a double-
lumen endoscope for simultaneous insertion for evaluation.
However, application was pretty clumsy and only a cross
section of the needle could be observed as a bright spot
within the lymph node, but one could never be certain
about the localization of the path and of the tip of the nee-
dle (fig. 8).

Then, as the request was there and basically the technol-
ogy was known from gastrointestinal endoscopy, Olympus
started production of the first prototypes of EBUS fiber-
scopes in 1999. The first one had a radial transducer built
into the bronchoscope that was located proximally to the
tip with the optical system and the opening of the biopsy
channel (XBF-UM30). In addition a balloon could be
slipped over the transducer to enhance contact with the
wall (XUM-BS30-26R, first prototype of BF-UM40). With
30 MHz the resolution with the larger transducer was better
than that of the radial probe, but penetration was insuffi-
cient. Therefore, already by 2000 the second prototype was
presented (XBF-UM40, second prototype of BF-UMA40)
with improved image and diameter of the insertion section.
However, orientation was not good enough and especially,
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as the opening of the biopsy channel was still distal to the
transducer, optical and ultrasonic images were not congru-
ent and the insertion of the needle could not be followed by
ultrasound. Furthermore, the needle could only be seen in
cross section as a bright dot. Still this device was launched
as BF-UM40 in 2002, but never really caught on with the
market for this reason (fig. 9).

In a subsequent model produced in 1999 Olympus
tried to overcome these draw backs by moving the trans-
ducer distally to the optical lens system and opening the
biopsy channel. The ultrasound signal was partially
reflected forward by a mirror that was attached in front of
the transducer [1st prototype of the so-called ‘BUMP’
scopes (XBF-UM30P with 7.7 mm diameter)]. This was a
certain improvement, but the ultrasound image was poor.
Thus in the next prototype of 2000 the mirror became
larger and to improve insertion, which was not so easy at
the vocal chords under local anesthesia (2nd prototype of
‘BUMP’ scopes, XBF-UM30P), the rigid part was shorter.
Still the ultrasound image was somewhat poor as the dis-
tal cap produced multiple echoes. This was overcome by
placing the mirror outside the distal cap in the 3rd proto-
type (XBF-UM40P) in 2001, but then the penetration was
not good enough to follow the path of the needle. Finally,
production of the ‘BUMP’-type scopes was abandoned
and the development of the BF-convex systems began.
The first prototype of this generation of ultrasonic bron-
choscopes (XBF-UC40P) had a curvilinear electronic
array at the tip in front of the fiber-optic and the opening
of the biopsy channel and an insertion section of less than
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Fig. 8. The intermediate solution between
- as we call it - ultrasound-guided TBNA
after localization of a lymph node with the
radial probe and after withdrawing inserting
the needle was ultrasound-controlled TBNA
by visualizing the needle real time during
the procedure by using a double-channel
bronchoscope (XBF-2T 40YZ) (a). Once the
needle was passed through bronchial wall,
the balloon was inflated and the needle
could be observed. The setting is shown in
vitro (b) and the probe (c) has been inserted
into the left main bronchus with the balloon
already inflated, while the needle is just
advancing through the wall into the No. 7
subcranial lymph node. The problem with
this technique was that as the radial probe
provides an image perpendicular to the axis
of the needle, only a cross section of the
needle was visible as a bright dot, but never
the whole needle in its relation to the
anatomical structures (arrow in d).

Fig. 9. Evolution of the radial-type ultrasonic
bronchoscope, the so-called ‘puncture scope'’
As the double lumen endoscope was difficult
to handle and had a large diameter, in the first
versions the radial scanner was placed within
the tip of the endoscope to which a balloon
could be attached [XBF-UM30 (BF-UM40)] (a).
The disadvantages, even to the double lumen  a
endoscope, are obvious: the image of the

1st prototypes
needle is still a dot, but in addition the exact 1999 XBF-UM30 (BF-UM40)

position cannot be seen endoscopically as the
distal lens is far in front of the transducer.
Therefore, in the next generation a mirror was
mounted in front of the transducer that par-
tially reflected the ultrasound in anterior
direction and also the optical system was now
behind the ultrasound transducers (so-called
‘BUMB’ scopes) (b). But these prototypes had b )

a lot of problems with noise and imaging and 2nd prototype 3rd prototype
so were finally abandoned. 2000 XBF-UM40P (so-called ‘BUMP’)
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Fig. 10. Evolution of the convex-type ultra-
sonic bronchoscope. a The tip of the first con-
vex-type bronchoscope can be seen with the
red electronic transducer and the needle exit-
ing the biopsy channel beside the lens optic.
The tip has a notch for the fixation of the bal-
loon that can be attached. The final version (b)
has a slimmer and more flexible tip. The dedi-
cated needle (c) has a few safety features to
prevent inadvertent damage to the endo-
scope by puncturing the biopsy channel. Thus
it is fixed at the entrance port of the biopsy
channel by a special lever and the tip of the
protecting catheter is adjusted to the end of
the channel by a screw at the proximal end,
already outside the patient as shown in e,
where for demonstration purposes the bal-
loon is attached and somewhat inflated and
the needle is advanced outside the catheter.
The needle has a lot of dimples close to its tip
to make it more reflecting for the ultrasound,
and with this roughness it frequently also pro-
vides histological material (f). g The complete
system (BF-UC160/260P) with the connector
to the processor and to the light source.

7mm diameter (fig. 10). Basically this construction
proved satisfactory; however, the endoscopic image was
comparatively poor and insertion through the vocal
chords and penetration with the needle could be difficult.
In the following model, the 2nd prototype (XBF-
UC160F-OLB/XBF-UC260F-OLS8), the image quality was
better as a digital camera transferred the fiber-optic
image to the processor (so-called hybrid technology).
Insertion and penetration became easier by reducing the
diameter and making the distal end more stable. The
device was already good for routine application, as stated
by the European and Japanese study groups and the
instrument was launched on the market in 2004 together
with a dedicated needle system (NA-201SX-4022) for
real-time TBNA of mediastinal lymph nodes (online
suppl. video 2). This caused a tremendous increase in the
interest of pulmonologists and was the real ‘kickoff’
spreading EBUS worldwide. Further improvements were
realized in the next generation prototypes of convex-type
ultrasonic  bronchoscopes  (XFB-UC180F-DT8/XFB-
UC280F-DT8, BF180F/BFUC260FW), with detachable
cable and compatibility with both Olympus EU-C60 and
ALOKA processors provided in 2006. Suction besides the
needle is made possible by increasing the channel from
2.0 to 2.2mm in diameter and in a following 2nd proto-
type model of 2007 in addition the noise was reduced by
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altering some electronic parts. With this version another
preliminary endpoint seems to be reached and the device
will be launched this year as BF180F/BF-UC260FW.

Conclusions and Outlook

As has been shown, EBUS is a fascinating technology that
took a very long time to mature, but has subsequently had
an impressive history. It has had a tremendous impact on
patient management and physicians’ work and it is a source
of great joy and satisfaction for us to observe how, after its
sluggish start and after all the apprehension, skepticism and
sarcasm that we encountered at the very beginning, many
colleagues worldwide now appreciate its value and find ever
new ways and indications for its application. This is due to
the perseverance of a few enthusiasts among physicians and
engineers and would not have been possible without the
commitment of a large company that had the patience, the
resources and financial means to overcome the many obsta-
cles encountered during almost 20 years of research and
development.

EBUS is still far from reaching the end of its develop-
ment potential. It is possible that we have only seen the
beginning. We are sure that we will see a lot more in the
near future with regard to image processing and the com-
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puterized analysis of tissues [19, 20]. Image fusion has been
successfully combined with interventional technologies
such as in electromagnetic navigation and brachytherapy of
inoperable peripheral lesions of the lung [21] and the suc-
cessful treatment of early lung cancer by photodynamic
therapy after early detection with autofluorescence and nar-
row band imaging [22]. Ultrasound in its focused, high-
intensified, form might itself become useful for tissue
destruction. Refinements of the man-machine interface and
robotic instruments could make ultrasound a valuable tool
for steering and noninvasively controlling the effects that
follow interventional procedures. To facilitate the compli-
mentary application of both devices, the radial mechanical
probe and the digital linear probe, an integrated processor
would be desirable and would help in spreading the
technology worldwide and would eliminate the need to
choose between the two devices.
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Abstract

The development of a balloon-tipped ultrasound probe designed to
fit through the working channel of a bronchoscope has been stud-
ied. Beyond the sub-sub segmental bronchus, the surface of the
radial probe without the balloon attaches to the inner surface of the
bronchial lumen. The currently available 20-MHz probes can scan up
to about 3 cm deep into the surrounding tissues. Endobronchial
ultrasonography (EBUS) can be performed using either the balloon
(the probe contacts the object through a balloon filled with
medium) or direct contact method (the probe makes direct contact
with the object). The method is usually selected according to
whether the object of study is centrally or peripherally situated, and
probe selection is also made according to the region being exam-
ined. The relationship between each tissue layer of the central air-
ways and its ultrasonographic appearance has been established. As
the ultrasound frequency increases, resolution is higher and the
length of penetration of ultrasound is decreased. The radial probe
with 30 MHz shows a differentiated 2nd layer and 4th layer com-
pared to the radial probe with 20 MHz. The use of EBUS is also get-
ting established in other interventional procedures. EBUS using a
guide sheath (EBUS-GS) provides the pathway to peripheral pul-
monary lesions. The guide sheath covering the miniature radial
probe is then advanced through the working channel of a therapeu-
tic bronchoscope with the probe tip outside the sheath until the
lesion is visualized. Under fluoroscopy, the sheath is held in place
while the EBUS probe is withdrawn. An instrument such as a brush,
needle, or biopsy forceps is then inserted through the sheath and
the lesion is sampled. One advantage of EBUS-GS lies in the repeata-
bility of access to the bronchial lesion for sampling. Another advan-
tage of EBUS-GS lies in its ability to protect against bleeding into
proximal bronchus from the biopsy site. The final advantage of EBUS-
GS is the ability to obtain short-axis bronchial views of peripheral
pulmonary lesions. The success of EBUS-transbronchial needle aspi-
ration depends on the correct technique being used. It is important
not to puncture the bronchial cartilage with the needle. The stylet is
the most important part of the needle with regard to obtaining ade-
quate specimens. While the needle is inserted into the lesion, the
stylet is pushed and repositioned before it is withdrawn, in order to
push out of the needle the primary tissue plug containing superficial

layers and bronchial cartilage. After the needle has been removed
from the bronchoscope, the stylet is inserted into the needle once
again to push out the specimens onto the filter paper. The power
Doppler mode of this bronchoscope visualizes major vessels,
bronchial arteries outside the bronchial wall, and vessels in the
lymph nodes. Vessels in metastatic lymph nodes wind irregularly and
vessels in sarcoidosis run in a straight line in the lymph nodes.
Vessels are rare in necrotic tissue and the bronchoscopist should,
therefore, puncture the hypervascular area in the target lymph node.

Copyright © 2009 S. Karger AG, Basel

Intraluminal ultrasound scanning permits scanning of
intrathoracic organs and deep abdominal organs. The use
of high-frequency ultrasound yields images with excellent
resolution. Endobronchial ultrasonography (EBUS) is an
emerging diagnostic modality that gives the bronchoscopist
visual and thus diagnostic access to the majority of
intrathoracic structures.

Wild and Reid [1] first described the sonographic char-
acteristics of the rectal wall in 1956. Wild and Foderick [2]
published a description of their first experiences with a
rotating probe on a rigid and flexible endoscope. In 1980,
intraluminal ultrasonography was combined with endo-
scopy, and endoscopic ultrasound instruments were devel-
oped by Olympus-Aloka and the Science Research Institute.
Endoscopic ultrasound was first used in clinical practice in
1982. The first reported clinical use of a narrow-gauge
ultrasonic probe by Pandian et al. [3] in 1988 was for
intravascular ultrasonography. The history of EBUS began
with the report by Hiirter and Hanarath [4] of EBUS of the
lung and mediastinum in 1990. Since then, development
and research have been carried out mainly in Germany and
Japan.



Balloon EBUS (EBUS using a Balloon-Tipped Ultrasound
Probe)

The development of a balloon-tipped ultrasound probe
designed to fit through the working channel of a broncho-
scope by Becker [5] in 1996 vastly improved the efficacy
and accuracy of the technique. In Japan, the balloon with
the radial probe was used in the duodenum for evaluating
the surrounding tissue. We applied this balloon to evaluate
tracheobronchial lesions with the bronchoscope. Beyond
the sub-sub segmental bronchus, the surface of the radial
probe without the balloon attaches to the inner surface of
the bronchial lumen. The currently available 20-MHz
probes can scan up to about 3 cm deep into the surrounding
tissues. Since the resolution and depth penetration of an
ultrasonic probe are dependent on the frequency and size of
the transducer (as the outer diameter of the probe increases,
the size of the ultrasonic transducer also increases), the
probe needs to be selected to suit the aim of the procedure.

EBUS can be performed using either the balloon (the
probe contacts the object through a balloon filled with
medium) or direct contact method (the probe makes direct
contact with the object). The method is usually selected
according to whether the object of study is centrally or
peripherally situated, and probe selection is also made
according to the region being examined. When the balloon
method is used, the UM-BS20-26R ultrasonic probe (which
can be inserted in a bronchoscope instrument channel with a
diameter of at least 2.8 mm) in combination with the balloon
sheath (MH-676R, Olympus) is generally used. Ultrasound
images are obtained by attaching the endoscopic ultrasound
probe to the Endoscopic Ultrasound Center (EU-M2000,
EU-M30) via the Probe Driving Unit (MH-240).

Many studies on the different uses of EBUS have been
done over the last few years. The initial work established the
basic correlations among the histological structure,
anatomic relationships and ultrasonographic appearance of
normal and abnormal airways. We were able to establish the
relationship between each tissue layer of the central airways
and its ultrasonographic appearance [6] (fig. 1).

Using the balloon probe, there are some tips for getting
good ultrasound images. The balloon probe was inserted
into the working channel of the bronchoscope, advanced
beyond the lesion, and then inflated with a small amount of
saline to obtain an EBUS image of the entire circumference
of the bronchial wall. Orientation of the 12 oclock position
did not correspond to the bronchoscopic 12 oclock orienta-
tion. The comparison between the bronchoscopic findings
and the EBUS image while making up angle by bron-
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Fig. 1. Normal layers of the bronchus. a Extrapulmonary bronchi. b
Intrapulmonary bronchi. Using a 20-MHz probe, the cartilaginous
portion of the extrapulmonary bronchi and the intrapulmonary
bronchi is visualized as five layers. The first layer (hyperechoic) is a
marginal echo, the second layer (hypoechoic) is submucosal tissue,
the third layer (hyperechoic) is the marginal echo on the inside of the
bronchial cartilage, the fourth layer (hypoechoic) is bronchial carti-
lage, and the fifth layer (hyperechoic) is the marginal echo on the
outside of the bronchial cartilage. In the membranous portion, the
first layer (hyperechoic) is a marginal echo, the second layer (hypoe-
choic) is submucosal tissue, and the third layer (hyperechoic) is the
adventitia.

Right pulmonary N

Fig. 2. Anatomy around the bronchus. The right main pulmonary
artery is located in front of the intermediate trunk. The anatomy
around the bronchus reveals the accurate angle to rotate the EBUS
image. The EBUS image therefore was rotated to the same view
shown by bronchoscopic findings. The location of the probe at the
center of the balloon makes the ultrasound wave advance to the
bronchial wall perpendicularly. The bronchial wall where the 1st
layer is a thick hyperechoic layer, because the ultrasound wave
advances to the bronchial wall perpendicularly, can be visualized as
clear layers.

choscopy shows us how to rotate the EBUS image. The
anatomy around the bronchus reveals the accurate angle in
which to rotate the EBUS image. The EBUS image, there-
fore, was rotated to the same view as shown by broncho-
scopic findings (fig. 2).
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The balloon probe was withdrawn gradually to acquire
of EBUS images in the short axis of the lesion and tracheo-
bronchial wall. To get excellent layers of the tracheo-
bronchial wall, the bronchoscopist should control the
location of the probe at the center of the balloon and assess
the depth of the central tumor in the area where the 1st
layer is a thick hyperechoic layer. The location of the probe
at the center of the balloon makes the ultrasound wave
advance perpendicularly to the bronchial wall. The
bronchial wall where the Ist layer is a thick hyperechoic
layer, because the ultrasound wave advances to the
bronchial wall perpendicularly, can be visualized as clear
layers of the bronchial wall (fig. 2).

With increasing ultrasound frequency, resolution is
higher and the length of penetration of ultrasound
decreases. The radial probe with 30 MHz shows a differen-
tiated 2nd layer and 4th layer compared to the radial probe
with 20 MHz. Nakamura et al. [7] compared these two
types of probe using Profile of the Image Analysis Software
NIH Image. A normal bronchial wall image consists of five
layers, and the plot profile shows a W-shaped curve. In
order to recognize the laminar structures of the bronchial
wall, the 30-MHz probe was found to be more useful than
the 20-MHz probe (fig. 3).

EBUS layer structures corresponding to
histopathological layers of the tracheobronchial tree. For
inflammatory bronchial diseases (relapsing polychondritis,
tracheobronchomalacia, Wegener’s granulomatosis, etc.),
EBUS provides information about ultrasonographic lumi-
nar structures of the tracheobronchial wall. Most of these
inflammatory bronchial diseases have a thickened 2nd
hypoechoic layer corresponding to submucosal tissue of
both the cartilaginous and membranous portion. But in
relapsing polychondritis there is a thickened 2nd hypoe-
choic layer of the cartilaginous portion and normal mem-
branous portion. EBUS also shows the thickness of the
bronchial cartilage. In inflammatory bronchial diseases,
inflammation thickens or destroys the bronchial cartilage.

EBUS has been employed with increasing frequency in
therapeutic bronchoscopy as well. It has been used to iden-
tify major vascular structures [8] before and during debulk-
ing procedures in the airway. In patients with centrally
located early-stage lung cancer, and before photodynamic
therapy, it can assess the depth of tumor invasion and thus
potentially improve the rate of complete remissions [6, 9].
EBUS appears significantly more accurate in determining
the depth of tumor invasion when compared with both
visual inspection and current imaging standard, high-reso-
lution CT [10].

reveals
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20MHz

Fig. 3. 20 versus 30 MHz. With increasing ultrasound frequency, res-
olution is higher and the length of the penetration of ultrasound is
decreased. The radial probe with 30 MHz shows a differentiated 2nd
layer and 4th layer compared to the radial probe with 20 MHz.

The utility of EBUS is also being established in other
interventional procedures. A recent paper [8] evaluated the
ability of EBUS to alter, guide, or change therapeutic bron-
choscopic procedure in real time. Over a 3-year period,
EBUS was employed in 1,174 interventional bronchoscopies.
The authors found that as a result therapy was recommended
roughly 43% (505/1,174) of the time. We believe that the
accumulated evidence suggests that EBUS should be consid-
ered as part of any interventional bronchoscopy.

EBUS is sometimes used to evaluate whether central
intrathoracic tumors invaded the bronchial tree or not. Herth
et al. [11] studied the utility of EBUS in differentiating
between airway infiltration and compression by tumor.
Sensitivity, specificity, and an accuracy using EBUS were 89,
100 and 94%, respectively. Sensitivity, specificity, and accuracy
using CT were 75, 28 and 51%, respectively. EBUS is a highly
accurate diagnostic tool and superior to chest CT in evaluat-
ing airway involvement by central intrathoracic tumors.

Direct Contact Method (EBUS without the Balloon
Sheath)

Apart from surgical exploration, 2 diagnostic modalities
currently exist to evaluate solitary pulmonary nodules:
transbronchial biopsy (TBB) with fluoroscopic guidance
and CT/fluoroscopic-guided transthoracic needle aspira-
tion. EBUS in conjunction with bronchoscopy should be
added to this list as a means of evaluating these same

Kurimoto - Osada - Miyazawa
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Fig. 4. Equipment of EBUS-GS. A miniature ultrasound probe (UM-
$20-20R, UM-S20-17R; 20 MHz, mechanical radial, Olympus Optical
Co.) was usually used.

lesions. When inserting the probe without balloon and
reaching the peripheral lesion, the ultrasonic probe pro-
vides a cross-sectional image of the target lesion. In the ini-
tial phase, after visualizing the target lesion, the
bronchoscopist should pull back the probe and once again
insert biopsy forceps. To resolve this demerit, Kurimoto
started to use the guide sheath covering the miniature
radial probe.

A miniature ultrasound probe (UM-S20-20R, UM-S20-
17R; 20 MHz, mechanical radial, Olympus Optical Co.,
Tokyo, Japan) with an outer diameter of 1.7 mm was usually
used (fig. 4). The probe was connected to an Endoscopic
Ultrasound System (EU-M30, EU-M2000, Olympus
Optical Co.). A guide sheath (Olympus Optical Co.) was
manufactured as Guide Sheath Kit (Olympus).

EBUS using a guide sheath (EBUS-GS) provides the
pathway to peripheral pulmonary lesions (PPLs) (fig. 5;
online suppl. video 1). The guide sheath covering the
miniature radial probe is then advanced through the work-
ing channel of a therapeutic bronchoscope with the probe
tip outside the sheath until the lesion is visualized. Under
fluoroscopy, the sheath is held in place while the EBUS
probe is withdrawn. An instrument such as a brush, needle,
or biopsy forceps is then inserted through the sheath and
the lesion is sampled. We recommend the use of on-site
cytology in conjunction with this method as a way to fur-
ther expedite and improve the efficacy of this technique.
The overall yield of EBUS-GS was 77% and the diagnostic
yield of EBUS-GS in malignant and benign lesions was 81
and 73%, respectively [12]. EBUS-GS increases the reliabil-
ity of specimen collection via bronchoscopy. Diagnostic
yields of bronchoscopy for PPLs less than 2 cm in published
reports have varied from 5 to 28% [13-22]. The diagnostic
yield in this study was far superior and was similar to the
overall yield, even when the lesion was undetectable under
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Procedure of EBUS-GS

Guide sheath

Guide sheath
\ Transducer
o .5 o -

Biopsy forceps

Fig. 5. Procedure of EBUS-GS. The guide sheath covering the minia-
ture radial probe is advanced through the working channel of a ther-
apeutic bronchoscope with the probe tip outside the sheath until
the lesion is visualized. Under fluoroscopy, the sheath is held in place
while the EBUS probe is withdrawn. An instrument such as a brush,
needle, or biopsy forceps is then inserted through the sheath and
the lesion is sampled.

fluoroscopy. When a lesion undetectable by fluoroscopy is
in contact with the probe inserted inside the bronchus, the
lesion is visualized by EBUS, and EBUS-GS is particularly
useful for lesions =20 mm that are undetectable by fluo-
roscopy.

EBUS-GS was most successful when the probe could be
placed within the lesion [12] (fig. 6). The yield of TBB when
the probe was adjacent to the lesion was very low. This sug-
gests that the lesions visualized as adjacent to the probe may
only be in contact with the outer surface of the bronchus,
and therefore sampling is unlikely to be diagnostic. In these
circumstances, the operator should attempt to identify the
lesion via another bronchial branch (online suppl. video 2).

Chechani [23] reported that fluoroscopic localization is
most difficult when the lesion is small (<2 cm) and located
in the lower lobe basal segment or the upper lobe apical seg-
ment. The diagnostic yield for lesions in these two segments
(58%) was lower than yields from all other locations (83%).
Fletcher and Lewin [24] reported the worst yields were
from the lower lobe basal segment (2/7, 28%) and the supe-
rior segment (5/19, 26%). In our EBUS-GS study, the worst
yield was noted for lesions in the left upper lobe apical pos-
terior segment (6/15, 40%) when compared with yields
from all other locations (103/135, 76%). The reason for a
lower diagnostic yield in the left upper lobe apical posterior
segment is thought to be due to the difficulty in inserting
the probe into B1 + 2.

One advantage of EBUS-GS lies in the repeatability of
access to the bronchial lesion for sampling. Without a
guide sheath, it can be difficult at times to be certain that
the forceps are being inserted into the same bronchial
branch for the second biopsy. Further, the bronchial
mucosa becomes edematous after several attempts at
manipulation, and it can be difficult to insert the forceps
into the bronchus.
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Fig. 6. Location of the ultrasonic probe. EBUS-GS was most success-
ful when the probe could be placed within the lesion. The yield of
TBB when the probe was adjacent to the lesion was very low. This
suggests that the lesions visualized as adjacent to the probe may
only be in contact with the outer surface of the bronchus, and there-
fore sampling is unlikely to be diagnostic.

Another advantage of EBUS-GS lies in its ability to
protect against bleeding into proximal bronchus from the
biopsy site. Although massive hemorrhage following TBB
is not frequent (<2%) [25, 26] in the bronchus, excessive
bleeding may require hemostasis by wedging the tip of
the bronchoscope. If bleeding occurs during EBUS-GS,
blood drains through the sheath, because the outer sur-
face of the sheath is snug against the internal surface of
the bronchus.

The final advantage of EBUS-GS is its ability to obtain
short-axis bronchial views of PPLs. Several investigators
have reported the use of a miniature probe. Hiirter et al.
[27] were able to image a peripheral lesion in 19 of 26
patients. Goldberg et al. [28] visualized peripheral lung
lesions in 6 patients and hilar lesions in 19 patients. They
reported that EBUS provided information that could not be
obtained by other diagnostic imaging modalities in 18 of 25
patients. Our method of EBUS using a 20-MHz probe
allowed visualization of the inner structures of peripheral
lesions, including vessels, bronchi, calcifications, necrosis,
hemorrhage, and bronchial dilatation [29]. In most cases of
proliferative solid tumors, EBUS revealed avascularity and
slightly linear or patchy hyperechogenicity. The internal
echoes were heterogeneous, with mixed high echoes. These
findings identified the lesion as a proliferative solid tumor
of high cell density.

Yoshikawa et al. [30] reported the feasibility and efficacy
of TBB and bronchial brushing by EBUS-GS as a guide for
diagnosing PPLs without radiographic fluoroscopy.
Seventy-six of 123 PPLs (61.8%) were diagnosed by EBUS-
GS guidance without fluoroscopy.
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Yamada et al. [31] reported factors predicting the diag-
nostic yield of TBB using EBUS-GS in small PPLs =30 mm
in mean diameter. In the multivariate analysis, only the
position of the probe (within or adjacent to the PPL when
judged against outside the PPL) was determined to be a sig-
nificant factor predicting the diagnostic yield. A pathologic
diagnosis was established with the first, second, third,
fourth and fifth biopsy specimens in 65, 80, 87, 91 and 97%
of PPLs, respectively.

In recent years, two new methods of navigation for PPLs
have been developed. The electromagnetic navigation sys-
tem is a localization device that assists in placing endo-
bronchial accessories (e.g., forceps, brush, or needle) in the
desired areas of the lung. This system uses low-frequency
electromagnetic waves, which are emitted from an electro-
magnetic board placed under the bronchoscopy table mat-
tress [32]. Harms et al. [33] introduced a new approach for
the treatment of inoperable peripheral lung tumors by com-
bining the electromagnetic navigation system and EBUS
with 3-dimensional planned endobronchial brachytherapy.
Asano et al. [34] studied the usefulness of another naviga-
tion system to approach the PPL. This navigation system is
a novel CT-based imaging technique of virtual bron-
choscopy that allows a noninvasive intraluminal route to
the target lesion. For small PPLs, the combination of EBUS-
GS and the navigation system is the most effective for mak-
ing diagnoses [35, 36]. The system automatically produced
virtual images to median of fifth-order bronchi. EBUS visu-
alized 93.8% of cases successfully, and 84.4% could be
pathologically diagnosed. To clarify the efficacy the
cost/benefit ratio of this procedure needs to be established.

EBUS-Guided Transbronchial Needle Aspiration

EBUS enables the bronchoscopist to visualize the mediasti-
nal lymph nodes and surrounding mediastinal structures.
Recently several studies in both EBUS-transbronchial nee-
dle aspiration (TBNA) scope-guided TBNA and EBUS
probe-guided TBNA have shown a significant increase in
yield and a decrease in the number of punctures required to
make a diagnosis.

A convex bronchoscope (BF-UC260F, 7.5 MHz, convex
type, Olympus Optical Co.) with an outer diameter of 6.9
mm is available on commercial base. The bronchoscope
with the convex probe is connected to an Endoscopic
Ultrasound System (EU-C6000, Olympus Optical Co.). The
needle available on commercial base is 22 gauge (NA-
201SX, Olympus Optical Co.)

Kurimoto - Osada - Miyazawa



The success of TBNA depends on the correct technique
being used. It is important not to puncture the bronchial
cartilage with the needle. The angle of the needle outside of
the bronchoscope is oblique toward the tracheobronchial
tree, and then the space between bronchial cartilages is very
narrow. After the needle has been inserted into the working
channel of the bronchoscope, we watch the edge of the
outer sheath just as it juts out of the bronchoscope. The
outer sheath is pushed toward the bronchial wall and is
located at the membranous part between bronchial carti-
lages. Then the needle is pushed against the tracheo-
bronchial wall and containing the partially withdrawn
stylet, it is advanced into the target lesion under constant
ultrasound guidance.

The stylet is an important part of the needle to obtain
adequate specimens. While the needle is inserted into the
lesion, the stylet is pushed and repositioned before it is
withdrawn, in order to push out of the needle the primary
tissue plug containing superficial layers and bronchial carti-
lage. After the needle has been removed from the broncho-
scope, the stylet is inserted into the needle once again to
push out the specimens onto the filter paper.

The suction is then equilibrated while the tip of the nee-
dle is still in the lesion. If the needle is withdrawn with suc-
tion, bronchial epithelium and submucosal tissue are pulled
into the needle and will be contaminated.

The power Doppler mode of this bronchoscope visual-
izes major vessels, bronchial arteries outside the bronchial
wall, and vessels in the lymph nodes. The power Doppler
mode reduces complications due to puncturing vessels.
Because the internal echo of the lymph node on the B-mode
is hypoechoic, the differentiation between major vessels
and lymph nodes is sometimes difficult to make. The bron-
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choscopists should avoid puncturing major vessels and
bronchial arteries outside lymph nodes. Vessels in metasta-
tic lymph nodes wind irregularly and vessels in sarcoidosis
run in a straight line in lymph nodes. On ultrasonographic
B-mode images, necrotic tissue in the lymph node is diffi-
cult to differentiate from the viable area of the lymph node.
Vessels are rare in the necrotic tissue and so the broncho-
scopist should puncture the hypervascular area in the target
lymph node.

Future Direction

Technologies are rapidly being developed that will make the
transbronchial ultrasound scanning procedure using elec-
tronic scanning endoscopic ultrasonography a routine pro-
cedure. The main obstacles to this becoming a reality are
that the power of the probe is still too weak and the long-
awaited software is still not robust enough for practical use.
Technology and zeal, however, will resolve these problems
in the near future. In the next generation, we hope that elec-
tronic scanning endoscopic ultrasonography, harmonic
imaging, pulse Doppler and FFT analysis will become avail-
able.

Acknowledgment

The authors thank Dr. Fumihiro Asano for his help in the prepa-
ration of the videos.

1 WildJJ, Reid JM: Diagnostic use of ultrasound.
Br J Phys Med 1956;19:248-257.

2 Wild JJ, Foderick JW: The feasibility of echomet-
ric detection of cancer in the lower gastrointesti-
nal tract. Am ] Proctol Gastroenterol Colon
Rectal Surg 1978;29:16-25.

3 Pandian NG, Kreis A, Brockway B, et al:
Ultrsound angioscopy: real-time, two dimen-
sional, intraluminal ultrasound imaging of
blood vessels. Am J Cardiol 1988;62:493-494.

4 Hirter T, Hanarath P: Endobronchiale
Sonographie zur Diagnostik pulmonaler und
mediastinaler Tumoren. Dtsch Med Wochenschr
1990;115:1899-1905.

State-of-the-Art Equipment and Procedures

Becker H: Endobronchialer Ultraschall - Eine 9
neue Perspektive in der Bronchologie.

Ultraschall Med 1996;17:106-112.

Kurimoto N, Murayama M, Yoshioka S,

Nishisaka T, Inai K, Dohi K: Assessment of the
usefulness of endobronchial ultrasonography in 10
tracheobronchial depth diagnosis. Chest
1999;115:1500-1506.

Nakamura Y, Endo C, Sato M, et al: A new tech-

nique for endobronchial ultrasonography and 11
comparison of two ultrasonic probes. Analysis

with a plot profile of the image analysis software

NIH image. Chest 2004;126:192-197.

Herth E, Becker H, LoCiero J, et al:

Endobronchial ultrasound in therapeutic bron-
choscopy. Eur Respir J 2002;20:118-121.

Miyazu Y, Miyazawa T, Kurimoto N, et al:
Endobronchial ultrasonography in the assess-
ment of centrally located early-stage lung cancer
before photodynamic therapy. Am J Respir Crit
Care Med 2002;165:832-837.

van Boxem TJ, Golding RP, Venmans BJ, et al:
High resolution CT in patients with intraluminal
typical bronchial carcinoid tumors treated with
bronchoscopic therapy. Chest 2000;117:125-128.
Herth FJ, Ernst A, Schulz M, et al:
Endobronchial ultrasound reliably differentiates
between airway infiltration and compression by
tumor. Chest 2003;123:458-462.

145



12

13

14

15

16

17

18

19

20

Kurimoto N, Miyazawa T, Okimasa S, et al:
Endobronchial ultrasonography using a guide
sheath increases the ability to diagnose periph-
eral pulmonary lesions endoscopically. Chest
2004;126:959-965.

Mori K, Yanase N, Kaneko M, et al: Diagnosis of
peripheral lung cancer in cases of tumors 2 cm
or less in size. Chest 1989;95:304-308.

Popvich J Jr, Kvale PA, Eichenhorn MS, et al:
Diagnostic accuracy of multiple biopsies from
flexible fiberoptic bronchoscopy — a comparison
of central versus peripheral carcinoma. Am Rev
Respir Dis 1982;125:521-523.

Fletcher EC, Levin DC: Flexible fiberoptic bron-
choscopy and fluoroscopically guided trans-
bronchial biopsy in management of solitary
pulmonary nodules. West ] Med
1982;135:477-483.

Stringfield JT, Mrkowitz DJ, Bentz RR, et al: The
effect of tumor size and location on diagnosis by
fiberoptic bronchoscopy. Chest 1977;72:474-476.
Radke JR, Conway WA, Eyler WR, et al:
Diagnostic accuracy in peripheral lung lesions:
factors predicting success with flexible fiberoptic
bronchoscopy. Chest 1976;76:176-179.

Wallace JM, Deutch AL: Flexible fiberoptic bron-
choscopy and percutaneous lung aspiration for
evaluating the solitary pulmonary nodule. Chest
1982;81:665-671.

Hadson RR, Zavala DC, Rhodes ML, et al:
Transbronchial biopsy via flexible fiberoptic
bronchoscope; results in 164 patients. Am Rev
Respir Dis 1976;114:67-72.

Kvale PA, Bode FR, Kini S: Diagnostic accuracy
in lung cancer; comparison of techniques used
in association with flexible fiberoptic bron-
choscopy. Chest 1976;69:752-757.

Noriaki Kurimoto, MD

2-16-1, Sugao, Miyamae-ku

Kawasaki, Kanagawa 216-8511 (Japan)
Tel. +8144 977 8111, Fax +81 44 976 5792, E-Mail n.kurimoto@do?.enjoy.nejp

146

22

23

24

25

26

27

28

29

30

Shiner RJ, Rosenman J, Katz I, et al:
Bronchoscopic evaluation of peripheral lung
tumors. Thorax 1988;43:887-889.

Torrington KC, Kern JD: The utility of fiberoptic
bronchoscopy in the evaluation of the solitary
pulmonary nodule. Chest 1993;104:1021-1024.
Chechani V: Bronchoscopic diagnosis of solitary
pulmonary nodules and lung masses in the
absence of endobronchial abnormality. Chest
1996;109:620-625.

Fletcher EC, Levin DC: Flexible fiberoptic bron-
choscopy and fluoroscopically guided trans-
bronchial biopsy in management of solitary
pulmonary nodules. West ] Med
1982;135:477-483.

Blasco LH, Hernandez IMS, Garrido VYV, et al:
Safety of transbronchial biopsy in outpatients.
Chest 1991;99:562.

Ahmad M, Livingston DR, Golish JA, et al: The
safety of outpatient transbronchial biopsy. Chest
1986;90:403.

Hiirtur T, Hanrath P: Endobronchial sonogra-
phy: feasibility and preliminary results. Thorax
1992;47:565-567.

Goldberg B, Steiner R, Liu J, et al: US-assisted
bronchoscopy with use of miniature transducer-
containing catheters. Radiology
1994;190:233-237.

Kurimoto N, Murayama M, Yoshioka S, et al:
Analysis of the internal structure of peripheral
pulmonary lesions using endobronchial ultra-
sonography. Chest 2002;122:1877-1894.
Yoshikawa M, Sukoh N, Yamazaki K, et al:
Diagnostic value of endobronchial ultrasonogra-
phy with a guide sheath for peripheral pul-
monary lesions without X-ray fluoroscopy. Chest
2007;131:1788-1793.

31

32

33

34

35

36

Yamada N, Yamazaki K, Kurimoto N, et al:
Factors related to diagnostic yield of trans-
bronchial biopsy using endobronchial ultra-
sonography with a guide sheath in small
peripheral pulmonary lesions. Chest
2007;132:603-608.

Schwarz Y, Mehta AC, Ernst A, et al:
Electromagnetic navigation during flexible
bronchoscopy. Respiration 2003;70:516-522.
Harms W, Krempien R, Grehn C, et al:
Electromagetically navigated brachytherapy as a
new treatment option for peripheral pulmonary
tumors. Strahlenther Onkol 2006;182:108-111.
Asano F, Matsuno Y, Matsushita T, Kondo H,
Saito Y, Seko A, Ishihara Y: Transbronchial diag-
nosis of a pulmonary peripheral small lesion
using an ultrathin bronchoscope with virtual
bronchoscopic navigation. ] Bronchol
2002;9:108-111.

Asahina H, Yamazaki K, Onodera Y, et al:
Transbronchial biopsy using endobronchial
ultrasonography with a guide sheath and virtual
bronchoscopic navigation. Chest
2005;128:1761-1765.

Asano E, Matsuno Y, Tsuzuku A, et al: Diagnosis
of peripheral pulmonary lesions using a bron-
choscope insertion guidance system combined
with endobronchial ultrasonography with a
guide sheath. Lung Cancer 2008;60:366-373.

Kurimoto - Osada - Miyazawa



Chapter 16

Bolliger CT, Herth FJF, Mayo PH, Miyazawa T, Beamis JF (eds): Clinical Chest Ultrasound: From the ICU to the Bronchoscopy Suite.

Prog Respir Res. Basel, Karger, 2009, vol 37, pp 147-152

Convex Probe Endobronchial Ultrasound

Kazuhiro Yasufuku® - Takahiro Nakajima®

aDivision of Thoracic Surgery, Toronto General Hospital, University Health Network, Toronto, Ont., Canada, ®Department of

Thoracic Surgery, Graduate School of Medicine, Chiba University, Chiba, Japan

Abstract

Endobronchial ultrasound (EBUS) is a promising new modality first
introduced in the early 1990s. The radial probe EBUS was initially
developed in the search for high resolution imaging of processes
within the airway wall and also outside the airways. The structure of
special importance was lymph nodes, walls of the central airways
and the mediastinum. After the development of miniaturized radial
probes with flexible catheters with a balloon at the tip, it has been
applied to aid bronchoscopists during biopsy in respiratory diseases.
In particular, the role of EBUS in transbronchial needle aspiration
(TBNA) has been established by many authors. The radial probe
EBUS-guided TBNA has increased the yield of TBNA of mediastinal
lymph nodes. However it was still not a real-time procedure with tar-
get visualization. To overcome these problems, a new convex probe
endobronchial ultrasound (CP-EBUS) with ability to perform real-
time EBUS-guided TBNA (EBUS-TBNA) was developed in 2002. EBUS-
TBNA can be used for (1) lymph node staging in lung cancer patients;
(2) diagnosis of intrapulmonary tumors; (3) diagnosis of unknown
hilar and/or mediastinal lymphadenopathy, and (4) diagnosis of
mediastinal tumors. Case series using EBUS-TBNA for mediastinal
lymph node staging in lung cancer have reported a high yield rang-
ing from 89 to 98%. To date, there are no reports of major complica-
tions related to EBUS-TBNA. EBUS-TBNA is a novel approach which
can be safely performed in an ambulatory setting with a high diag-
nostic yield. CP-EBUS has an excellent potential in assisting safe and
accurate diagnostic interventional bronchoscopy in respiratory dis-
eases. Copyright © 2009 S. Karger AG, Basel

The endobronchial application of ultrasound was first
described in 1992 [1]. After solving technical difficulties for
the application of the ultrasound in bronchoscopic practice,
the radial probe endobronchial ultrasound (EBUS) has
been commercially introduced in 1992. Currently, EBUS
has gradually been introduced into the field of respiratory
diseases, which has broadened the diagnostic possibilities
for bronchial and mediastinal pathology.

For optimal imaging, the miniaturized 20-MHz radial
probe fitted with a catheter that carries a water-inflatable bal-
loon at the tip allows visualization of detailed images of the
surrounding structures as well as the bronchial wall structure
[2]. By visualization of mediastinal and hilar lymph nodes,
EBUS guidance has increased the yield of transbronchial nee-
dle aspiration (TBNA) for lymph node staging of lung cancer
[3]. However due to the nature of the probe, it was not a real-
time procedure with target visualization.

The use of the convex probe endobronchial ultrasound
(CP-EBUS) with the ability to perform real-time EBUS-
guided TBNA (EBUS-TBNA) under direct US guidance
was first reported in preliminary studies on surgical speci-
mens using CP-EBUS [4]. Multiple studies have shown the
usefulness of EBUS-TBNA in the assessment of mediastinal
and/or hilar lymph nodes, especially for staging of lung
cancer [5-10]. EBUS-TBNA has changed the practice of
interventional bronchoscopy. In particular, bronchoscopic
biopsy of the mediastinum has become minimally invasive
with a high yield. Pulmonologists as well as thoracic sur-
geons have begun to develop an interest in the procedure.
In this chapter, the utility of the CP-EBUS and the different
usefulness in the assessment of respiratory diseases will be
explained in detail.

Instrument

Convex Probe Endobronchial Ultrasound

The currently available CP-EBUS is an ultrasound puncture
bronchoscope with a 7.5-MHz convex transducer placed at
the tip of a flexible bronchoscope (BEF-UCI60F-OLS,
Olympus, Tokyo, Japan) (see chapter 13, fig. 5). The CP-



Fig. 1. Dedicated 22-gauge needle (NA-
201SX-4022, Olympus). a The needle is fas-
tened onto the working channel. b The
sheath adjuster knob is loosened and the
length adjusted. ¢ The needle adjuster knob
is loosened. d EBUS-TBNA is performed.
e After the initial puncture, the internal
stylet is used to clear out the internal lumen.
f Negative pressure is applied with the
Vaclok syringe.

EBUS is a linear curved array transducer that scans parallel
to the insertion direction of the bronchoscope. Images can
be obtained by direct contact with the probe or by attaching
a balloon to the tip and inflating it with saline. The outer
diameter of the insertion tube of the CP-EBUS is 6.2 mm
and that of the tip is 6.9 mm. The angle of view is 80° and the
direction of view is 35° forward oblique. The unique optical
system exploits both video and fiberoptic technologies. With
the built-in CCD in the control section, it allows sharp
images similar to those of regular video bronchoscopes. The
inner diameter of the instrument channel is 2.0 mm. A ded-
icated 22-gauge needle is used to perform EBUS-TBNA.

Ultrasound Processor

The ultrasound image is processed in a dedicated ultra-
sound processor (EU-C60/EU-C2000, Olympus) (see chap-
ter 13, fig. 7). The display mode includes the B-mode as well
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as the color power Doppler mode. The display range covers
2-24 cm. The ultrasound images can be frozen and the size
of lesions can be measured in two dimensions by the place-
ment of cursors. The area and the circumference enclosed
by calliper tracking can be measured as well.

Dedicated 22-Gauge Needle

A dedicated 22-gauge needle (NA-2015X-4022, Olympus)
is used to perform EBUS-TBNA (fig. 1). This needle has
various adjuster knobs which work as a safety device to pre-
vent damage of the channel. The maximum extruding
stroke is 40 mm and to prevent excessive protrusion, a
safety mechanism stops the needle at the stroke of 20 mm.
The needle is also equipped with an internal sheath which is
withdrawn after passing the bronchial wall, avoiding conta-
mination during TBNA. This internal sheath is also used to
clear out the tip of the needle after passing the bronchial
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wall. The exit of the needle is at 20° with respect to the outer
covering of the insertion tube. The needle can be visualized
through the optics and on the ultrasound image.

Procedural Technique

Anesthesia

EBUS-TBNA can be performed on an outpatient basis
under conscious sedation. The bronchoscope is usually
inserted orally, since the ultrasound probe on the tip will
limit nasal insertion. Some investigators prefer the use of
the endotracheal tube or rigid bronchoscopy under general
anesthesia. An endotracheal tube larger than or equal to
size 8 is required due to the size of the EBUS-TBNA scope.
Cough reflex is minimal under general anesthesia which
may be an advantage during the procedure. However, oper-
ators should be careful not to put excessive pressure onto
the airway with the probe. The disadvantage of the endotra-
cheal tube is that it causes the bronchoscope to lie in the
central position within the airway which makes it difficult
to bring its tip into close proximity to the trachea or
bronchus. The use of the laryngeal mask airway has been
shown to be useful during EBUS-TBNA [11].

Insertion to Visualization of Lymph Nodes

Since the linear curved array transducer is on the tip of the
flexible bronchoscope, the optic located proximal to the
ultrasound probe is set at a 35° forward oblique angle.
Therefore, in order to obtain a straight view, the tip of the
bronchoscope needs to be slightly flexed down. The
bronchoscopist also needs to be aware that the 7.5-MHz
ultrasound probe attached to the tip of the bronchoscope is
not visible without the inflation of the balloon. Care-
ful attention should be given to advancing the scope atrau-
matically.

Under local anesthesia and conscious sedation, the CP-
EBUS is inserted orally into the trachea. The scope is passed
through the vocal cords by visualizing the anterior angle of
the glottis (fig. 2a). Once the bronchoscope has been intro-
duced into the airway until the desired position is reached
for EBUS imaging, the balloon is inflated with normal
saline to achieve maximum contact with the tissue of inter-
est (fig. 2b). The tip of the CP-EBUS is flexed and gently
pressed onto the airway (fig. 2¢). Ultrasonically visible vas-
cular landmarks are used to identify the specific lymph
node stations according to the Mountain classification sys-
tem [12]. The Doppler mode is used to confirm and iden-
tify surrounding vessels as well as the blood flow within

Convex Probe Endobronchial Ultrasound

Fig. 2. Endobronchial images of the EBUS-TBNA procedure. a The
bronchoscope is passed through the vocal cords by visualizing the
anterior angle of the glottis. b The balloon is inflated with normal
saline for maximum contact. c The tip is gently pressed onto the air-
way. d The needle is passed through the intercartilage space.

lymph nodes [13]. Lymph nodes larger than 1cm in short
axis, round-shaped, and with distinct margins without the
presence of central hilar structures are suspicious for malig-
nancy and need to be biopsied.

Endobronchial Ultrasound-Guided Transbronchial Needle
Aspiration

After identifying the lesion of interest with the CP-EBUS,
the bronchoscopic image of the airway is simultaneously
visualized to localize the insertion point of the needle. Once
the point of entry is decided upon using small landmarks
on the airway, the dedicated 22-gauge TBNA needle is fas-
tened onto the working channel of the bronchoscope. The
manipulation of the needle is a very important element of
performing EBUS-TBNA and is shown in figure 1. The
sheath adjuster knob is loosened and the length of the
sheath is adjusted so that the sheath can be visualized on an
endoscopic image (fig. 2d). The tip of the bronchoscope is
flexed up for contact and the lymph node is visualized again
on the ultrasound image. After the needle adjuster knob is
loosened, real-time EBUS-TBNA can be performed. In case
a cartilage ring is encountered during TBNA, the broncho-
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Fig. 3. A representative case of EBUS-TBNA.
a Chest CT scan image of the enlarged left
lower paratracheal lymph node (#4L)
between the aorta (Ao) and pulmonary artery
(PA). b EBUS scan demonstrates station #4L,
aorta and the pulmonary artery. c EBUS-TBNA
of lymph node station #4L with the needle
inside the lymph node. d Histological exami-
nation demonstrated large cell carcinoma.

scope is moved a little bit up or down so that the needle will
go through the intercartilage space. After the initial punc-
ture, the internal stylet is used to clear out the internal
lumen, which may become clogged with bronchial mem-
brane. The internal sheath is then removed and negative
pressure is applied with the Vaclok syringe. After the needle
is moved back and forth inside the lymph node, the needle
is retrieved and the internal sheath is used once again to
push out the histological core. With this method, histologi-
cal cores as well as cytological specimens can be obtained.
The aspirated material is smeared onto glass slides, and the
smears are air-dried and immediately stained using Diff-
Quik for interpretation by an on-site cytopathologist to
confirm adequate cell material. Furthermore, Papanicolaou
staining and light microscopy are performed. Histological
cores are fixed with formalin and stained with hematoxylin
and eosin. Immunohistochemistry can also be performed if
needed.

Indication
Indications for EBUS-TBNA are the assessment of medi-
astinal and hilar lymph nodes, diagnosis of lung tumors and

diagnosis of mediastinal tumors. All of the mediastinal
lymph nodes except for the subaortic and paraesophageal
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lymph nodes (stations 5, 6, 8 and 9) are assessable by EBUS-
TBNA. Since the outer diameter of the tip of the CP-EBUS
is 6.2 mm, stations 10 and 11 are approachable. However,
part of station 12 is not accessible [14].

Lymph Node Staging by EBUS-TBNA

EBUS-TBNA is a minimally invasive lymph node staging
modality in patients with lung cancer and has been intro-
duced as one of the new technologies and as evidence-based
practice for invasive staging [15]. Mediastinal and hilar
lymph nodes should be assessed in a systematic way so that
all lymph nodes are identified and characterized. The basic
principle is to identify the specific lymph node stations
according to the Mountain classification system [12]. To
avoid contamination and upstaging, EBUS-TBNA should
be performed from the N3 nodes, followed by N2 nodes
and N1 nodes.

Case series looking at the use of EBUS-TBNA for lymph
node staging in lung cancer have reported a high yield
ranging from 89 to 98% [5-10]. It is clearly being used more
by pulmonologists and thoracic surgeons in clinical prac-
tice. Although the reported yield of EBUS-TBNA is high
and similar to the ‘gold standard’ mediastinoscopy, there
have been no studies directly comparing the medi-

Yasufuku - Nakajima



astinoscopy and EBUS-TBNA for lymph node staging.
There is an ongoing prospective trial comparing the yield of
mediastinoscopy and EBUS-TBNA for mediastinal lymph
node staging in patients with confirmed or suspected lung
cancer [16]. Patients with resectable lung cancer who
require a mediastinoscopy for mediastinal staging under-
went EBUS-TBNA followed by mediastinoscopy under
general anesthesia in the same setting. The diagnostic yield
was compared between the two procedures. Out of 45
patients enrolled in the study, the diagnostic accuracy of
EBUS-TBNA and mediastinoscopy for analysis of each
lymph node stations were 95.6 and 96.6%. The sensitivity,
specificity, and diagnostic accuracy for the correct medi-
astinal lymph node staging for EBUS-TBNA and medi-
astinoscopy were 76.9, 100 and 90.9%, and 84.6, 100 and
93.9% respectively. These preliminary results show that
EBUS-TBNA may reduce the number of mediastinoscopy
needed for the staging of the mediastinum in NSCLC.
However, due to the possibility of false-negative EBUS-
TBNA results, it is not clear that EBUS-TBNA will com-
pletely replace mediastinoscopy for mediastinal staging.

Similar to mediastinoscopy, the subaortic (5, 6) and
paraesophageal lymph nodes are not accessible by CP-
EBUS. By combining EBUS-TBNA and EUS-FNA, most of
the mediastinum can be evaluated [17]. EBUS-TBNA has
better access to anterior and superior mediastinal lymph
nodes, whereas EUS has better access to posterior and infe-
rior mediastinal lymph nodes. However, lymph node sta-
tions 5 and 6 need to be evaluated by video-assisted
thorascoscopy, anterior mediastinotomy, or extended medi-
astinoscopy [18].

EBUS-TBNA for Mediastinal Lymphadenopathy of
Unknown Origin

Although introduced as an invasive staging tool for medi-
astinal and hilar lymph nodes in lung cancer, EBUS-TBNA
can be used for the diagnosis of other mediastinal lym-
phadenopathies of unknown origin as well as other medi-
astinal processes [5, 19, 20]. Since EBUS-TBNA can directly
sample lymph nodes in the mediastinum or the hilum, it
has been shown to be useful in the diagnosis of sarcoidosis
[21, 22]. There is also evidence for the utility of EBUS-
TBNA for the diagnosis of lymphoma [23]. Other than lung
cancer, EBUS-TBNA can be used for the detection of medi-
astinal lymph node involvement in metastatic lung tumors
[24]. Immunohistochemistry is especially helpful to corre-

Convex Probe Endobronchial Ultrasound

late the histology of the metastatic lymph nodes to the pri-
mary tumor.

The availability of multiple histological cores from the
present 22-gauge needle has raised the possibility of molec-
ular diagnosis from EBUS-TBNA-obtained specimens [25].
In lung cancer patients with N2 or N3 disease proven by
EBUS-TBNA, DNA extracted from paraffin-embedded
samples was used to detect EGFR mutations. The ability to
perform biological analysis using nonsurgical biopsy sam-
ples obtained by EBUS-TBNA will become very important
for the future of lung cancer treatment.

Complications

Complications related to the procedure are similar to those
of conventional TBNA including bleeding from major ves-
sels, pneumomediastinum, mediastinitis, pneumothorax,
bronchospam and laryngospasm. The authors have not
encountered complications related to EBUS-TBNA and to
date no major complications have been reported in the lit-
erature. Although EBUS has enabled the bronchoscopist to
see beyond the airway, one must be aware of the possible
complications related to the procedure.

Conclusion

The CP-EBUS has made a safe and precise evaluation of
the mediastinum as well as the hilum possible. It has an
excellent potential in assisting safe and accurate diagnostic
interventional bronchoscopy in respiratory diseases. From
our current experience, EBUS-TBNA should be used as the
first test for patients with undiagnosed mediastinal lym-
phadenopathy if available. It is an attractive procedure
allowing simultaneous lymph node staging as well as diag-
nosis.
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Abstract

Accurate preoperative staging in patients with non-small cell lung
cancer is of paramount importance. It will guide choices of treatment
and determine prognosis and outcome. Over the last years, different
techniques have become available. For primary staging of the medi-
astinum and also in PET-positive mediastinal lesions, the findings
should always be cyto- or histologically confirmed. Endobronchial
ultrasound (EBUS) is a relatively new technique that provides a better
view into the mediastinum. EBUS-guided transbronchial needle aspi-
ration is an additional ultrasound technique, which allows a real-time
ultrasound-controlled needle aspiration. Its specificity is high but the
negative predictive value is limited. Because of this, if it yields nega-
tive results, an invasive surgical technique is indicated. However, if
fine needle aspiration is positive, this may be valid as proof of N2 or
N3 disease. For staging of early cancer lesions as carcinoma in situ
and also for the differentiation of tumor ingrowths in central medi-
astinal structures, the radial EBUS system is an excellent technique to
improve T staging. Copyright © 2009 S. Karger AG, Basel

The staging of lung cancer [1, 2] not only provides impor-
tant prognostic information with regard to survival but also
guides treatment. For patients whose disease has metasta-
sized to mediastinal lymph nodes (stage III) or with tumors
that have invaded mediastinal structures, the benefit of
surgery as primary therapy is questionable. Combined
chemoradiotherapy is most appropriate, although
chemoradiotherapy followed by surgery may be considered
[2]. Mediastinal lymph nodes are found in 26% of newly
diagnosed lung cancer patients, and extrathoracic metas-
tases are found in 49% [2]. Thus, reliable staging of medi-
astinal lymph nodes and the mediastinum is essential for
choosing an appropriate therapy.

In most centers, computed tomography (CT) is the ini-
tial method for staging of mediastinal nodes. Nodes
detectable by CT that are considered abnormal, generally

have a short-axis diameter greater than 1cm. Smaller
lymph nodes can harbor metastatic foci and enlarged
nodes may be benign, especially when central tumors are
accompanied by inflammation. The accuracy of CT for
diagnosing mediastinal disease is low. In a recent meta-
analysis of 20 studies and 3,829 patients [3], the pooled
sensitivity was 57%; the pooled specificity was 82%, and
the pooled negative predictive value was 82% (range
63-85%). Therefore, surgical mediastinal staging is com-
monly performed in patients with a radiologically normal
mediastinum before a planned cancer resection, to rule out
unexpected N2 or N3 disease. However, approximately
18% (range 15-37%) of patients with a negative CT scan
who undergo surgical mediastinal staging are found to
have metastatic disease.

Mediastinoscopy remains the reference standard for
evaluating nodal disease. It has a sensitivity of 90-95% [4].
However, only certain mediastinal lymph node stations are
accessible (levels 2, 4 and anterior level 7). For sampling lev-
els 5 and 6, thoracoscopy, anterior mediastinotomy (the
Chamberlain procedure), or extended mediastinoscopy can
be performed. The inferior mediastinum is evaluated by
thoracoscopy. However, all these more aggressive staging
procedures require general anesthesia, surgical incision,
and therefore high costs [5, 6]. Positron emission tomogra-
phy (PET) was expected to increase the accuracy of medi-
astinal staging in non-small cell lung cancer (NSCLC), and
indeed, a meta-analysis confirmed its superiority [7].
However, more recent reports have tempered enthusiasm
for using PET as the sole tool for evaluating the medi-
astinum [8].

Endobronchial ultrasound (EBUS) is especially useful in
diagnosing mediastinal tumors involving the great vessels
(e.g., aorta, vena cava, and main pulmonary arteries), the
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Fig. 1. Lymph node map of the mediastinum and their reachability
with different techniques. Red = EUS; yellow = TBNA or EBUS-TBNA;
half/half = mediastinoscopy; black = extended mediastinoscopy.

central airways and the esophageal wall, which is frequently
impossible with conventional radiology. Also for the local
staging of esophageal cancer radial EBUS provides impor-
tant information.

A further area where EBUS is helpful is the evaluation of
early cancer lesions without nodal involvement. In small,
radiologically invisible tumors, the decision to use local
endoscopic therapeutic intervention depends on the intra-
luminal and intramural extent of the tumor within the dif-
ferent layers of the bronchial wall. In contrast to
radiological imaging, radial EBUS allows even very small
tumors of a few millimeters to be analyzed. As Kurimoto et
al. [9] demonstrated EBUS is a very reliable tool for analyz-
ing the extent of these small lesions. During preoperative
staging, radial EBUS allows detailed analysis of intralumi-
nal, submucosal, and intramural tumor spread, which can
be essential for decisions on resection margins.

In the following sections the results of radial and linear
EBUS will be described and the value for staging will be dis-
cussed.

Mediastinal Lymph Node Staging

Although a complete workup for metastases is important
for staging, the presence of lymph node metastases remains
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one of the most adverse factors for prognosis in NSCLC.
The presence of mediastinal lymph node involvement indi-
cates the presence of stage IIIA or IIIB, which suggests
inoperability and/or the need for treatment with
chemotherapy and/or radiotherapy [10].

Despite the advancement in the latest imaging tech-
niques, while noninvasive tests can identify nodes suspicious
for malignancy, they do not provide definitive tissue diagno-
sis. Cytological or histological confirmation of suspected
metastases is required. Possible endoscopic techniques are
needle biopsy techniques which include transbronchial nee-
dle aspiration (TBNA), endoesophageal ultrasound-guided
fine needle aspiration (EUS-FNA) and, most recently,
EBUS-guided TBNA (EBUS-TBNA) [11, 12] (fig. 1).

TBNA for mediastinal staging is performed through the
bronchoscope under local anesthesia. It can be performed
as an outpatient procedure with no significant morbidity
[12-14]. TBNA can be readily performed on the hilar and
mediastinal lymph nodes adjacent to the tracheobronchial
wall. Rapid on-site cytological evaluation of the aspirates
improves the yield, is cost-effective and eliminates unneces-
sary passes during the procedure [15, 16]. However, con-
ventional TBNA is a blind procedure preventing target
visualization and therefore the yield for TBNA varies widely
(14-91%) [12]. A meta-analysis of 12 studies in 910 evalu-
able patients showed a sensitivity of 76% [17].

EBUS-TBNA has access to all the mediastinal lymph
node stations accessible by mediastinoscopy as well as N1
nodes. Lymph node stations accessible are the highest
mediastinal (station 1), the upper paratracheal (station 2R,
2L), the lower paratracheal (station 4R, 4L), the subcarinal
(station 7), as well the hilar (station 10), the interlobar (sta-
tion 11) and the lobar (station 12) lymph nodes (fig. 2, 3)
[18]. The convex probe EBUS was first reported to be useful
in the visualization and TBNA of hilar lymph nodes in sur-
gically resected lung cancer specimens before its clinical use
[19]. After 4 years of clinical use, a growing number of stud-
ies have shown its usefulness and accuracy for mediastinal
lymph node sampling [20-22].

More recently, a multicenter study of a larger number of
patients showed the effectiveness and accuracy of EBUS-
TBNA for the evaluation of mediastinal lymph nodes [23].
In 502 patients, 572 lymph nodes were punctured using
EBUS-TBNA, resulting in a successful diagnoses in 535
lymph nodes (94%). The sensitivity was 94% and the speci-
ticity was 100%.

Although recent advances in imaging, such as PET with
'8E-fluorodeoxyglucose, have been shown to be more accu-
rate for the evaluation of the mediastinum compared with

Herth



EBUS-TBNA

ultrasonic bronchoscope

Fig. 2. EBUS-TBNA in position 4 left in the animation. In the ultra-
sound image the needle is visible in the lymph node.
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Fig. 3. EBUS-TBNA of an 8-mm lymph node in position 11I.

CT, tissue confirmation of PET-positive lesions is recom-
mended to prove that the lesions are truly malignant [24]. A
more recent study comparing EBUS-TBNA, CT and PET
for lymph node staging of lung cancer showed a higher
yield in favor of EBUS-TBNA [25]. A total of 102 poten-
tially operable patients with lung cancer were included. The
sensitivities of CT, PET and EBUS-TBNA for the correct
diagnosis of mediastinal and hilar lymph node staging were
76.9, 80.0 and 92.3%, respectively. The specificities were
55.3, 70.1 and 100%. The diagnostic accuracies were 60.8,
72.5 and 98.0%. EBUS-TBNA was proven to have a higher
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Fig. 4. Small early cancer lesion (TU), which destroys the bronchial
wall. LUL = Left upper lobe; PA = pulmonary artery.

sensitivity as well as specificity compared with CT or PET
for mediastinal staging.

Linear EBUS also allows for guidance of biopsies of
lymph nodes in regions inaccessible to mediastinoscopy,
such as posterior subcarinal and hilar nodes [17] (fig. 4).
Though prospective data examining the influence of EBUS
on clinical outcomes such as the need for surgery are not
available at this time, it is expected that the impact could be
significant. Current data suggest that almost 30% of
patients undergoing TBNA biopsy of mediastinal and hilar
lymph nodes for the staging of bronchogenic carcinoma are
found to have unresectable disease [10].

Another study examined the accuracy of EBUS-TBNA
in sampling nodes <1 cm in diameter [26]. Of 100 patients,
119 lymph nodes between 4 and 10 mm were detected and
sampled. Malignancy was detected in 19 patients but
missed in 2 others; all diagnoses were confirmed by surgical
biopsy or exploration. The mean (SD) diameter of the sam-
pled lymph nodes was 8.1 mm. The sensitivity of EBUS-
TBNA for detecting malignancy was 92.3%; the specificity
was 100%, and the negative predictive value was 96.3%.

Even in a completely negative mediastinum assessed by
imaging techniques EBUS-TBNA increases the quality of
staging. Herth et al. [27] published their experience of
EBUS-TBNA in sampling mediastinal lymph nodes in
patients with lung cancer and a radiographically normal
mediastinum and no PET activity. Patients in whom
NSCLC was highly suspected on the basis of CT scans
showing no enlarged lymph nodes (no node >1cm) and a
negative PET of the mediastinum underwent EBUS-TBNA.
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Identifiable lymph nodes at locations 2r, 21, 4r, 41, 7, 10r, 101,
11r and 111 were aspirated. All patients underwent subse-
quent surgical staging. In 97 patients 156 lymph nodes of
ranging 5-10mm in size were detected and sampled.
Malignancy was detected in 9 patients but missed in 1. The
mean diameter of the punctured lymph nodes was 7.9 mm.
The sensitivity of EBUS-TBNA for detecting malignancy
was 89%, specificity was 100%, and the negative predictive
value was 98.9%. No complications occurred.

It seems, therefore, that EBUS-TBNA can be used to
accurately sample and stage patients with clinical stage 1
lung cancer and no evidence of mediastinal involvement on
CT and PET. Potentially operable patients with no signs of
mediastinal involvement may benefit from presurgical stag-
ing with EBUS-TBNA.

At present, the optimal treatment for stage IITA-N2
NSCLC is being evaluated. There may be a role for surgical
resection in patients who have been successfully downstaged
with induction chemotherapy or chemoradiotherapy [28-30].
However, this treatment option is still under debate, as current
guidelines do not recommend surgery in this subgroup [31,
32]. Accurate restaging of the mediastinum in these patients
will be of increasing importance in order to identify those
patients who have been successfully downstaged and who
may benefit from subsequent surgical resection. The most
effective approach to restaging is controversial and currently
the subject of much debate [33]. Up until now, surgical
approaches such as cervical mediastinoscopy and anterior
mediastinotomy have been used for restaging [34, 35].
However, it is recognized that remediastinoscopy is techni-
cally more difficult to perform on account of adhesions and
fibrotic change induced by the initial procedure and the
induction treatment [36]. As a result the reported sensitivity
and accuracy of repeat procedures are lower than those of the
initial procedure. Data from studies examining the role of CT
and PET imaging techniques for restaging have produced
conflicting results [37-39]. The low sensitivity and specificity
of imaging techniques for mediastinal restaging makes tissue
sampling necessary for accurate assessment.

In a recently published trial the accuracy of EBUS-
TBNA for restaging the mediastinum following induction
chemotherapy in patients with NSCLC was investigated
[40]. One hundred and twenty-four patients with tissue-
proven IIIA-N2 disease that were treated with induction
chemotherapy underwent mediastinal restaging with
EBUS-TBNA. Based on CT, 58 patients were classified as
stable disease and 66 were judged to have had a partial
response. All patients subsequently underwent thoraco-
tomy with attempted curative resection and a lymph node
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dissection regardless of EBUS-TBNA findings. Persistent
nodal metastases were detected using EBUS-TBNA in 89
patients (72%). Of the 35 patients, in whom no metastases
were assessed with EBUS-TBNA, 28 were found to have
residual IITA-N2 disease at thoracotomy. Sensitivity, speci-
ficity, positive predictive value, negative predictive value
and diagnostic accuracy of EBUS-TBNA for mediastinal
restaging following induction chemotherapy were 76, 100,
100, 20 and 77%, respectively.

Therefore, it seems that EBUS-TBNA is also a highly
specific, accurate and minimally invasive test for mediasti-
nal restaging of patients with NSCLC. However, due to the
low negative predictive value, tumor-negative findings
should be confirmed by surgical restaging.

EBUS-TBNA in Combination with EUS-FNA for Lymph
Node Staging

The paraesophageal nodes in particular are not all reachable
with the EBUS-TBNA scope. So a possible solution could be
a combined EUS-FNA and EBUS-TBNA procedure.

Two papers have been published about the combined
approach. Herth et al. [41] showed that the sensitivity and
the specificity of the two techniques are comparable to rou-
tine mediastinoscopy. A total of 160 patients with enlarged
lymph nodes in one of eight mediastinal lymph node sta-
tions underwent transbronchial and transesophageal biop-
sies in a crossover design. Transbronchial aspiration was
successful in 85%, and transesophageal aspiration was suc-
cessful in 78%. Combining both approaches produced suc-
cessful biopsies in 97% and diagnoses in 94% of patients.

A second study [42] also had promising results regard-
ing the combination. A comparison of EUS-FNA and
EBUS-TBNA was performed in 33 patients, i.e. lung cancer
staging in patients with an established diagnosis of NSCLC
(20 patients) or diagnosis of a lesion in the mediastinum
suspected of malignancy in patients suspected of lung can-
cer (13 patients). The diagnoses could be verified in 28 of 31
patients either by thoracotomy (n = 9) or by clinical follow-
up (n = 18). A total of 119 lesions were sampled by EUS-
FNA (n = 59) and EBUS-TBNA (n = 60). EUS-FNA and
EBUS-TBNA demonstrated cancer in 26 and 28 lesions,
respectively, and benign cytology in 30 and 28 lesions,
respectively. Suspicious cells were found in 3 and 4 lesions
by EUS-FNA and EBUS-TBNA, respectively. When looking
at the results of the combined approach (EUS-
FNA + EBUS-TBNA) in 28 of 31 patients in whom a final
diagnosis could be obtained, regarding evaluation of cancer
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Fig. 5. Small early cancer lesion which destroys the bronchial wall.

involving the mediastinum, 20 patients were found to have
mediastinal involvement whereas no mediastinal metas-
tases were found in 8 patients. The accuracy of combined
EUS-FNA and EBUS-TBNA for the diagnosis of mediasti-
nal cancer was 95%. All authors concluded that EUS-FNA
and EBUS-TBNA seem to be complementary methods.

Staging of Advanced Cancer

In preoperative staging EBUS allows detailed analysis of intra-
luminal, submucosal and intramural tumor spread which can
be essential when deciding on resection margins. EBUS
proved especially useful in the diagnosis of mediastinal tumor
involvement of, for example, the great vessels such as aorta,
vena cava, main pulmonary arteries and of the esophageal
wall which by conventional radiology is frequently impossible
[43]. In a trial [44] it was shown that differentiation of exter-
nal tumor invasion from impression of the tracheobronchial
wall by EBUS is highly reliable (94%) in contrast to CT imag-
ing (51%) (fig. 5). One hundred and four patients with central
tumor were examined with EBUS and CT and classified into
invasion or impression. All patients underwent surgery, and
the findings were compared to the initial classification. The
sensitivity (89-25%) and also the specificity (100-89%) show
the superiority of the ultrasound technique in the differentia-
tion between airway infiltration and compression by tumor.
Thus many patients considered to be nonresectable by the
radiologist due to supposed T4 tumors could be operated on
in a curative approach after EBUS.

Takemoto et al. [45] compared the sensitivity of EBUS
and CT in detecting bronchial wall or great vessel invasion

EBUS for Staging of Lung Cancer

by tumor. The authors also concluded that EBUS was more
sensitive than CT for assessing bronchial wall invasion.

Assessment of preoperative tracheobronchial invasion is
also important for the selection of the best treatment,
including surgery and radiochemotherapy, and for predic-
tion of prognosis in patients with thyroid or esophageal
cancer. For surgical planning, the choice of the procedure is
dependent on several variables, including patient age, histo-
logical type, and depth and extent of invasion. It is impor-
tant to establish the extent of tumor spread to determine
whether thyroid or esophageal cancer has invaded beyond
the tracheal adventitia [46].

Wakamatsu et al. [47] performed a trial to compare the
usefulness of CT, MRI and EBUS for the assessment of inva-
sion of thyroid or esophageal cancer in cases with suspected
tracheobronchial invasion. In cases with suspected contact
between the tumor and tracheobronchial wall, CT, MRI and
EBUS indicated deformity of the tracheobronchial wall due
to the adjacent mass. The final diagnosis was based on sur-
gical and histological results and/or clinical follow-up.
Fifty-four patients were included in this study.

The sensitivity and specificity of CT, MRI and EBUS for
invasion were 59 and 56, 75 and 73, and 92 and 83%. The
accuracy of EBUS was significantly greater than that of CT
and MRI. Also it seems that EBUS is the most useful tech-
nique for determining the depth and extent of tumor inva-
sion into the airway wall. CT and MRI are useful imaging
techniques; a combination of these procedures will be ben-
eficial for surgical planning for patients with lung cancer,
but also for esophageal and thyroid cancer.

Early Cancer Staging

Centrally located, radiologically occult ‘early-stage’ NSCLC
that has not invaded through the airway or carcinoma in
situ can be treated with surgery or endobronchial therapy
[48]. Kurimoto et al. [9] who used radial EBUS to examine
resected airway specimens, 45 of which were normal and 24
involved lung cancers, described the membranous and car-
tilaginous airways as three-echo and five-echo layers,
respectively. In addition, the degree of tumor involvement
of the airway was correctly identified in 23 of the 24 lung
cancer cases (96%). Tanaka et al. [49] correctly identified
the degree of tumor invasion of the airway in 14 of 15
patients (93%). Herth et al. [50] demonstrated that with
EBUS in small autofluorescence-positive lesions that were
negative in white light bronchoscopy they could improve
specificity (predicting malignancy) from 50 to 90%. The
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combination of EBUS with autofluorescence has been
proven to be efficient in prospective studies and today has
become the basis for curative endobronchial treatment of
malignancies in some institutions [51].

The most important paper on this was published by
Miyazu et al. [52]. They used the findings of EBUS for the
treatment decision in patients with early cancer lesions.
Among 18 patients they found 9 with a tumor border to the
bronchial wall. These patients were treated with photody-
namic therapy. All other patients had extracartilaginous
tumor growth and were treated nonendoscopically
(surgery, radiation and chemotherapy). Using this finding
as a decision maker they achieved a 100% complete remis-
sion rate in the endoluminally treated group. In a mean fol-
low-up time of 32 months none of the patients developed a
recurrence. Compared to trials published earlier using
endoluminal techniques in early cancer lesions, they could
show that with the help of EBUS endoluminally treatable
patients could be identified.

Limitations

The linear EBUS has an outer diameter of almost 7mm, a
30° view, and a suboptimal-quality white-light image that
limits its use in general inspection of the airways; hence,
frequently standard fiberoptic bronchoscopy is also used if
the airway has not been previously inspected. This leads to
additional time, labor, and thus cost.

The chest physician learning the technique of EBUS must
be well versed with TBNA and trained in how to interpret
ultrasound images. As is usually the case with new tech-
niques, learning from an experienced mentor is ideal.
Attending courses that utilize simulators, models, or live ani-
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Conclusion

EBUS provides an accurate and safe means of evaluating
patients with a variety of lung lesions. It has been widely
available for more than 5 years. A growing body of good-
quality literature supports its significant role in airway
assessment and procedure guidance. With the EBUS-TBNA
scope the next step of development is available.

The results of the trials demonstrated a high diagnostic
rate in the correct prediction of lymph node staging in lung
cancer patients compared to other modalities.

Moreover, with EBUS-TBNA many invasive procedures
could be avoided. There were also no complications during
all the procedures. EBUS-TBNA is a minimally invasive pro-
cedure with a high diagnostic rate, from which many
patients will benefit. It should be considered for staging of
mediastinal lymph nodes as well as diagnosis of lung cancer.

The combined approach of EUS-FNA and EBUS-TBNA
may replace more invasive methods in the evaluation of
lung cancer patients suspected of hilar or mediastinal
metastases as well as in the evaluation of unknown medi-
astinal or hilar lesions.

Radial EBUS can facilitate identification of peripheral or
central lesions and assessment of depth-of-airway involve-
ment with the tumor, but it does not offer real-time biopsy
capability.
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Abstract
Since the 1990s, endobronchial ultrasonography (EBUS) has been
employed for the diagnosis of peripheral pulmonary lesions.
Pulmonary lesions have an echogenic texture and a sharply defined
border due to a strong reflective interface between the aerated lung
and the lesion. EBUS for peripheral pulmonary lesions has two main
impacts in the bronchoscopic diagnosis. One is to analyze the inter-
nal structures of peripheral pulmonary lesions, and the other is to
detect the location of peripheral pulmonary lesions during bron-
choscopy. Internal structures of peripheral pulmonary lesions as
visualized by EBUS correlated these findings with the histopathol-
ogy. The lesions were typed based on the internal echoes (whether
homogeneous or heterogeneous), vascular patency, and the mor-
phology of the hyperechoic areas (reflecting the presence of air and
the state of the bronchi). EBUS can be used to assist transbronchial
biopsy (TBB) of peripheral pulmonary lesions. Because the air con-
tent of the lung parenchyma completely reflects the ultrasound sig-
nal, pulmonary masses can be precisely located by EBUS. More
recently, studies have shown the efficacy of a new procedure, EBUS
using a guide sheath (EBUS-GS), for sampling peripheral lesions to
increase the diagnostic yield of TBB under EBUS guidance. EBUS-GS
increases the reliability of specimen collection via bronchoscopy.
Copyright © 2009 S. Karger AG, Basel

Transbronchial biopsy (TBB) is often performed for the
diagnosis of peripheral pulmonary lesions (PPLs).
Although the complication rate is generally low, there is
radiation exposure and the diagnostic yield varies widely [1,
2]. Since the 1990s, endobronchial ultrasonography (EBUS)
was employed for the diagnosis of PPLs. EBUS uses a
miniature probe inserted through the working channel of a
flexible bronchoscope to scan from the bronchial lumen.
EBUS can be used to assist TBB of PPLs. Because the air
content of the lung parenchyma completely reflects the
ultrasound signal, pulmonary masses can be precisely
located by EBUS. Pulmonary lesions have an echogenic tex-

ture and a sharply defined border due to a strong reflective
interface between the aerated lung and the lesion. When
you look at the EBUS image of a PPL, you will be fascinated
by the excellent quality of EBUS images. EBUS for PPLs has
two main impacts in bronchoscopic diagnosis. One is to
analyze the internal structures of PPLs, and the other is to
detect the location of PPLs during bronchoscopy.

Internal Structures of PPLs by EBUS

Endoscopic ultrasonography has been used to examine the
internal structure of pancreatic, and the results have been
correlated with histopathology in cases of cystic tumor, cal-
cifications, and pancreatic stones [3, 4]. Internal structures
of PPLs as visualized by EBUS correlated these findings
with the histopathology [5]. The lesions in well-differenti-
ated adenocarcinoma had homogeneous internal echoes
overall, but some hyperechoic dots (<1 mm in size) were
also observed reflecting residual air in invaded alveoli. The
distribution of the hyperechoic dots was irregular, and the
margins of the lesions were also irregular. Blood vessels
could be seen coursing through the lesion (fig. 1). In most
cases of moderately differentiated adenocarcinoma and
squamous cell carcinoma, the EBUS images showed
obstruction of blood vessels within the lesion, obstruction
of bronchi, heterogeneous internal echoes, and irregular
margins (fig. 2). In several cases of squamous cell carci-
noma, numerous echo-free areas of various sizes were
noted, and their distribution corresponded to areas of
necrosis. In cases of poorly differentiated adenocarcinoma,
EBUS revealed few patent blood vessels or bronchi, hetero-
geneous internal echoes, and irregular margins. In some
cases of small cell carcinoma, the tumor had directly



Fig. 1. A representative case of well-differ-
entiated adenocarcinoma. The lesions in
well-differentiated adenocarcinoma had
homogeneous internal echoes overall, but
some hyperechoic dots (<1 mm in size)
were also observed reflecting residual air in
invaded alveoli. The distribution of the
hyperechoic dots was irregular, and the mar-
gins of the lesions also were irregular. Blood
vessels could be seen coursing through the
lesion (arrow).

invaded the pulmonary artery adjacent to the affected
bronchus, resulting in stenosis of the pulmonary artery
within the lesion. Comparing EBUS images and histopatho-
logical findings, EBUS shows bronchioles, vessels, calcifica-
tions, bleeding, mucus plug in the bronchus, necrosis, and
air in well-differentiated adenocarcinoma (fig. 3). Hiirter et
al. [6] reported successful visualization of peripheral lung
lesions in 19 of 26 cases, and Goldberg et al. [7] reported
that EBUS provided unique information that exceeded
other diagnostic modalities in 18 of 25 cases (including 6
peripheral lesions and 19 hilar tumors).

Hosokawa et al. [8] reported that a typical EBUS pattern
of neoplastic disease was (1) a continuous marginal echo,
(2) a rough internal echo, and (3) no hyperechoic spots
standing for bronchi, or if there were any, there was no lon-
gitudinal continuity. Kuo et al. [9] assessed the feasibility of
EBUS in differential diagnosis between malignant and
benign lesions by the following three characteristic echoic
features indicating malignancy: margin,
absence of a linear-discrete air bronchogram, and heteroge-
neous echogenicity. The negative predictive value for malig-
nancy of a lesion with none of three echoic features is
93.7%. The positive predictive value for malignancy of a
lesion with any two of three echoic features is 89.2%.
Kurimoto et al. [5] reported a classification system with the
aim of distinguishing between benign and malignant dis-
eases, identifying the type of lung carcinoma and determin-
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EBUS for Peripheral Pulmonary Lesions

ing the degree of differentiation. The lesions were typed
based on the internal echoes (whether homogeneous or
heterogeneous), vascular patency, and the morphology of
the hyperechoic areas (reflecting the presence of air and the
state of the bronchi). Factors indicating malignancy were
heterogeneous internal echo, obstructive vessels, and
obstructive bronchi. A homogeneous pattern (type I) was
overwhelmingly benign (92%), whereas hyperechoic dots
or a heterogeneous pattern (types II and III, respectively)
portended malignancy in 98 of 99 cases (99%) (fig. 4).

Detection of the Location of PPL

EBUS can be used to assist TBB of PPLs. Because the air
content of the lung parenchyma completely reflects the
ultrasound signal, pulmonary masses can be precisely
located by EBUS. EBUS-guided TBB of PPLs has been
shown to yield a success rate similar to fluoroscopy guid-
ance [10]. A large-scale, prospective, randomized study to
compare EBUS-guided TBB with TBB in patients with
lesions <3 cm has been performed with good results [11].
In lesions >3 cm, there were no significant differences in
the diagnostic ability between the two procedures.
However, in lesions <3 and <2 cm, a considerable decrease
in TBB sensitivity (31 and 23%) was seen, whereas EBUS-
guided TBB provided its sensitivity (75 and 71%).
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Fig. 2. A representative case of moderately
differentiated  adenocarcinoma.  EBUS
images showed obstruction of blood vessels
within the lesion, obstruction of bronchi,
heterogeneous internal echoes, and irregu-
lar margins.
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Fig. 3. Internal structures visualized by EBUS. Comparing EBUS
images and histopathological findings, EBUS shows bronchioles,
vessels, calcifications, bleeding, mucus in the bronchus, necrosis,
and air in well-differentiated adenocarcinoma (W/D adenoca).

More recently, studies have shown the efficacy of a new
procedure, EBUS using a guide sheath (EBUS-GS), for sam-
pling of peripheral lesions to increase the diagnostic yield of
TBB under EBUS guidance [12] (see fig. 5 in chapter 15). A
guide sheath covering the miniature radial probe is advanced
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through the working channel of a therapeutic bronchoscope
with the probe tip outside the sheath until the lesion is visu-
alized. Under fluoroscopy, the sheath is held in place while
the EBUS probe is withdrawn. An instrument such as a
brush, needle, or biopsy forceps is then inserted through the
sheath and the lesion is sampled. EBUS-GS increases the reli-
ability of specimen collection via bronchoscopy. Diagnostic
yields of bronchoscopy for PPLs of <2 c¢m in published
reports have varied from 5 to 28% [13-21]. When an unde-
tectable lesion under fluoroscopy is in contact with the probe
inserted inside the bronchus, the lesion is visualized by
EBUS, and EBUS-GS is particularly useful for lesions =20
mm that are undetectable by fluoroscopy. EBUS-GS was
most successful when the probe could be placed within the
lesion (fig. 5; online suppl. video 1). The yield of TBB when
the probe was adjacent to the lesion was very low. This sug-
gests that the lesions visualized as adjacent to the probe may
only be in contact with the outer surface of the bronchus,
and therefore sampling is unlikely to be diagnostic.

At the first approach to the target lesion, the probe did
not reach the target lesion in about 10% of all cases of
EBUS-GS. To resolve this problem, the bronchoscopist
withdrew the probe and inserted the curette into the guide
sheath. The tip of the curette is able to be angulated and
search the correct bronchus (online suppl. video 2).

Kurimoto - Osada - Miyazawa
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Fig. 4. Classification of PPLs by EBUS. Type I: Homogeneous pattern; type la: homogeneous pattern with
patent vessels and patent bronchioles; type Ib: homogeneous pattern without vessels and bronchioles.
Type II: Hyperechoic dots and linear arc pattern; type lla: hyperechoic dots and linear arcs without vessels;
type llb: hyperechoic dots and linear arcs with patent vessels. Type lll: Heterogeneous pattern; type llla:
heterogeneous pattern with hyperechoic dots and short lines; type Illb: heterogeneous pattern without

hyperechoic dots and short lines.

One advantage of EBUS-GS lies in the repeatability of
access to the bronchial lesion for sampling. Without a guide
sheath, it can at times be difficult to be certain that the for-
ceps are being inserted into the same bronchial branch for
the second biopsy. Further, the bronchial mucosa becomes
edematous after several attempts at manipulation, and it
can be difficult to insert the forceps into the bronchus.
Another advantage of EBUS-GS lies in its ability to protect
against bleeding into the proximal bronchus from the
biopsy site. Although massive hemorrhage into the
bronchus following TBB is not frequent (<2%) [20-23],
excessive bleeding may require hemostasis by wedging the
tip of the bronchoscope. If bleeding occurs during EBUS-
GS, blood drains through the sheath, because the outer sur-
face of the sheath is snug against the internal surface of the
bronchus. Our method of EBUS using a 20-MHz probe
allowed visualization of the inner structures of peripheral
lesions, including vessels, bronchi, calcifications, necrosis,
hemorrhage, and bronchial dilatation [22].

Many reports have been published recently. Yang et al.
[24] evaluated whether EBUS may improve the diagnostic
yield of TBB in peripheral lung cancer. The diagnostic accu-
racy of transbronchial lung biopsy was significantly

EBUS for Peripheral Pulmonary Lesions

increased under EBUS guidance for small cell carcinoma
(88.9%) and for non-small cell carcinoma (67.7%) com-
pared to without EBUS for small cell carcinoma (22.2%)
and for non-small cell carcinoma (50.0%). Under EBUS
guidance, the diagnostic yield of transbronchial lung biopsy
in peripheral lung cancer was significantly improved with-
out EBUS.

Yoshikawa et al. [25] evaluated the feasibility and effi-
cacy of TBB and bronchial brushing by EBUS-GS as a guide
for diagnosing PPLs without radiographic fluoroscopy.
Seventy-six of 123 PPLs (61.8%) were diagnosed by EBUS-
GS guidance without fluoroscopy. The diagnostic yield for
PPLs >20 mm in diameter (75.6%) was significantly higher
than that for those =20 mm in diameter. The PPLs located
in the middle lobe and the lingular segment had signifi-
cantly higher diagnostic yields (p < 0.05). Multivariate
analysis revealed that the diameter and location of the PPL
were independent predictors of diagnostic sensitivity by
EBUS-GS-guided bronchoscopy.

Fielding et al. [26] compared the diagnostic yields and
pneumothorax rate of EBUS-GS and CT-guided fine-nee-
dle aspiration (CT-FNA) in terms of the location of the
lesion to be biopsied, in particular whether the lesion is
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Fig. 5. Technique using EBUS-GS. Once the
location of the lesion had been identified
precisely by EBUS (middle row, left: adjacent
to; right: within), the probe was withdrawn,
leaving the guide sheath in place (bottom
row). A biopsy forceps or bronchial brush
was introduced into the sheath.

touching the pleura. For EBUS-GS 140 cases were per-
formed with a mean lesion size of 29 mm. Overall diagnos-
tic sensitivity was 66%. For lesions not touching the visceral
pleura it was 74 compared with 35% where it was on the
pleura. For CT-FNA 121 cases were performed with a mean
size of 37 mm. Overall diagnostic sensitivity was 64%. The
rate of pneumothorax and intercostal catheter (ICC) place-
ment in EBUS-GS was 1 and 0% and in CT-FNA it was 28
and 6%, with p < 0.001 for both. Lesion location, in partic-
ular, connection to the visceral pleura, can improve deci-
sion-making with regard to referral for either CT-FNA or
EBUS-GS to maximize diagnostic yield and minimize
pneumothorax rate.

In recent years, two methods of navigation for PPLs have
been developed. The electromagnetic navigation system is a
localization device that assists in placing endobronchial
accessories in the desired areas of the lung. This system uses
low-frequency electromagnetic waves, which are emitted
from an electromagnetic board placed under the bron-
choscopy table mattress [27]. Harms et al. [28] in a techni-
cal note introduced a new approach for the treatment of
inoperable peripheral lung tumors by combining the elec-
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tromagnetic navigation system and EBUS with 3-D-
planned endobronchial brachytherapy. Asano et al. [29-32]
developed a bronchoscope insertion guidance system that
produces virtual images by extracting the bronchi by auto-
matic threshold adjustment, and searching for the
bronchial route to the determined target. They used this
system in combination with a thin bronchoscope and
EBUS-GS. The system automatically produced virtual
images to median of fifth-order bronchi. EBUS visualized
93.8% of cases successfully, and 84.4% could be pathologi-
cally diagnosed. Using the bronchoscope insertion guid-
ance system, virtual images can be readily produced, and
the bronchoscope can be successfully guided to the target.
This method is promising as a routine examination method
in the biopsy of PPLs.

Conclusions

EBUS assesses internal structures of PPLs. EBUS-GS pro-
vides high diagnostic yields of PPLs.

Kurimoto - Osada - Miyazawa
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Abstract

Transesophageal ultrasound-guided fine needle aspiration (EUS-
FNA) is a minimally invasive method by which mediastinal nodes and
centrally located lung tumors located adjacent to the esophagus can
be biopsied. In patients with (suspected) lung cancer and enlarged
or PET-positive mediastinal lymph nodes, EUS prevents surgical stag-
ing procedures in the majority of cases due to the assessment of
lymph node metastases. In numerous studies, EUS-FNA has proven
to be a valuable method for the diagnosis and staging of lung cancer
and is therefore suggested in recent guidelines as an alternative for
surgical staging. However, in case no metastases are found by EUS-
FNA, surgical staging still has to be performed due to limitations in
the negative predictive value of endoscopic staging. EUS can also be
used for the diagnosis of sarcoidosis. EUS has a higher yield in assess-
ing noncaseating granulomas compared to fiberbronchoscopy with
transbronchial lung biopsies. In addition, EUS is very safe and com-
plications such as hemoptysis and pneumothorax that can occur
after transbronchial biopsies have not been reported. The EUS
method needs to be implemented so that it can be made more
widely available. With a rather concise but dedicated implementa-
tion strategy including on-site training, (chest) physicians without
prior (endo)sonography experience can learn mediastinal EUS and
achieve results similar to experts. Copyright © 2009 S. Karger AG, Basel

Transesophageal Ultrasound Procedure and
Diagnostic Reach

Endosonography in pulmonary medicine is performed with
linear probes that allow real-time ultrasound-guided aspira-
tion. Evaluation of the mediastinum is relatively straightfor-
ward but requires a structured systematic approach. Due to
its central position in the chest, a considerable part of the
middle and posterior mediastinum can be visualized by
transesophageal ultrasound (EUS). The various mediastinal
lymph nodes that can be visualized from the esophagus are

described in relation to vascular structures such as right and
left atrium, aorta and pulmonary artery and then given a
number according to the Mountain/Dressler classification
[1]. EUS can particularly detect mediastinal lymph nodes
located in the lower mediastinum, station 9 (pulmonary lig-
ament), station 8 (lower paraesophageal) and station 7 (sub-
carinal region). Nodes in the aortopulmonary window
(station 5) can be seen but not always biopsied due to inter-
position of vascular structures. The para-aortal nodes (sta-
tion 6) can be visualized well by EUS but obtaining tissue
from such lesions may require a transaortal approach. The
paratracheal nodes on the left (station 4L) are also accessible
by EUS. Several mediastinal nodal stations cannot regularly
be detected by EUS due to the intervening air in the trachea
and main bronchi, such as the upper paratracheal nodes on
the left (station 2L) and those located paratracheally on the
right (station 2R and 4R).

EUS-fine needle aspiration (FNA) in pulmonary medi-
cine is performed in an outpatient setting using a low dose
of midazolam. At an EUS examination, all mediastinal
nodal regions that can be detected from the esophagus
will be checked routinely. Mediastinal nodes with a short
axis lager than 1 cm, with sharp borders and a hypoechoic
ultrasound pattern are more likely to contain metastases.
For accurate assessment of nodal status, tissue verifi-
cation is needed. Aspirates are first performed in those
stations located in a contralateral (N3) position before
analyzing nodes in N2 locations. They are usually per-
formed with 22-gauge needles (19- and 25-gauge needles
are also available). EUS aspirates can, in addition to
evaluation by conventional light microscopy, be processed
in paraformaldehyde-fixed cell blocks enabling immuno-
histochemistry.



EUS and Lung Cancer

In pulmonary medicine, EUS is most often indicated for the
diagnosis and staging of lung cancer. In patients suspected
of lung cancer, establishing a tissue diagnosis is mandatory
to confirm the disease. At bronchoscopy, in only around
two thirds of patients is the diagnosis established. Under
several clinical conditions EUS can be used as the next
diagnostic procedure in the diagnosis and staging of lung
cancer (table 1).

Diagnosing and (Re)Staging of Lung Cancer

In those patients in whom the lung mass is located immedi-
ately adjacent to the esophagus, the lesion can be visualized
by EUS and biopsied in order to secure a diagnosis [2, 3].
Additionally, endosonography can be used to assess the
presence or absence of tumor invasion in the mediastinum
(T4, stage IIIB). For assessing aortic invasion of the lung
tumors (fig. 1), EUS has an accuracy of 92% and is far supe-
rior to CT [4].

Those patients with suspected lung cancer after a non-
diagnostic bronchoscopy that present with enlarged (short
axis >10 mm) mediastinal nodes on computed tomography
scan of the chest are good candidates for evaluation by EUS.
By demonstration of mediastinal nodal metastases, both a
definitive diagnosis and locoregional staging can be
achieved in a single test [5]. For this reason, it has even been
hypothesized to consider EUS as the first test — before bron-
choscopy - in patients with suspected lung cancer. In a
study on diagnosing lung cancer where EUS was performed
as the first test after CT, EUS not only established a diagno-
sis in 70% of patients but also provided tissue proof of
locally or advanced disease by assessing mediastinal, left
adrenal or celiac metastases [6].

The accuracy of EUS in mediastinal staging is dependent
on nodal size and has a sensitivity of 90% and a specificity
of 97% in patients with mediastinal nodes with a short axis
>10mm. In smaller nodes (fig. 2), however, sensitivity
drops to 58% [7-11]. Despite the lower sensitivity, EUS
findings can result in a change of patient management in
25-52% of patients without mediastinal nodal enlargement
on CT [9-12].

Regarding mediastinal restaging after neoadjuvant
chemo(radiation) therapy, a sensitivity of 75% [13] and an
accuracy of 86% [14] have been reported. For this indica-
tion EUS-FNA is useful to demonstrate persistent mediasti-
nal nodal metastatic involvement. It should be realized,
however, that EUS has limitations in excluding persistent
malignant nodal involvement.

Esophageal Ultrasound

Fig. 1. Linear EUS-FNA scoop (Pentax). A = 22-gauge needle; B = shaft.

Fig. 2. Lower paratracheal lymph nodes (LN) on the left (station 4L)
located between the esophagus (Es), aorta (AO) and pulmonary
artery (PA).

Table 1. Indications for EUS-FNA in pulmonary medicine

Suspected lung cancer
Enlarged or PET-positive mediastinal lymph nodes
Primary tumor located adjacent to the esophagus

Staging of non-small cell lung cancer
Mediastinal staging (regardless of nodal size on CT)
Mediastinal involvement on FDG-PET
Mediastinal restaging after induction chemotherapy
Suspected mediastinal tumor invasion (T4)
Suspected left adrenal metastasis

Suspected sarcoidosis
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Fig. 3. Centrally located left upper lobe tumor (T) located directly
adjacent to the aortic arch (AO). Sonograpically, there are no signs of
invasion of the tumor into the aorta. L = Compromised lung tissue;
Es = esophagus.

Fig. 4. Transgastric endosonographic view of a left adrenal metasta-
sis (LA) in a patient with squamous cell carcinoma of the lung.
St = Stomach; Ki = kidney.

May be surprisingly, EUS can also be used to detect dis-
tant metastases as the left adrenal gland (fig. 4) and lymph
nodes around the celiac axis can be well visualized from the
stomach. By biopsying these sites, EUS has turned out to be
a useful method to prove distant metastasis in the left
adrenal gland (fig. 3) [15, 16] as well as in celiac nodes [6].

Position of EUS in Lung Cancer Staging Algorithms

How does the EUS method compare to other staging meth-
ods [fiberbronchoscopy, transbronchial needle aspiration
(TBNA), endobronchial ultrasound (EBUS)-TBNA and sur-
gical staging] and how is EUS best positioned in lung cancer
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Table 2. EUS-FNA advantages

Diagnostic reach complementary to EBUS/mediastinoscopy
Lower mediastinum: stations 7 (also dorsal part), 8 and 9
Aortopulmonary window: station 5 (only in selected cases)
Para-aortal region: station 6 (transaortal approach)

Suitable method for on-site cytology during the procedure

Well tolerated by patients
Safe

staging algorithms (table 2)? First of all, it is difficult to com-
pare staging studies as patient populations often differ con-
siderably in their clinical presentation and inclusion criteria.
Patients who present with bulky mediastinal disease (with a
very high likelihood of mediastinal metastases) are largely
different from patients with a centrally located lung tumor
without nodal enlargement on chest CT, in whom mediasti-
nal spread cannot be excluded. The EUS method is primar-
ily suitable for providing a tissue diagnosis or confirming
mediastinal tumor spread in a minimally invasive way rather
than excluding it as demonstrated by the relatively low nega-
tive predictive value. It should be realized that only part of
the mediastinum can be investigated with EUS. Where an
EUS investigation is best positioned in lung cancer staging
algorithms depends also on the available imaging.

EUS in a Setting with CT

Due to its complementary reach to mediastinoscopy in
assessing different mediastinal nodal stations, staging with
EUS in addition to mediastinoscopy significantly improves
locoregional staging [17] and reduces futile thoracotomies
[18]. In patients with (suspected) lung cancer, EUS-FNA
has been shown to prevent surgical staging in up to 70% of
patients [5, 19]. In a randomized controlled trial it has been
shown that EUS significantly reduces surgical staging [20].
In recent guidelines, EUS has been suggested to be a mini-
mally invasive alternative for surgical staging [21, 22]. It
should be noticed that in those cases where EUS does not
find advanced disease surgical staging is indicated.

EUS in a Setting with CT-PET

Combined CT-PET imaging is increasingly performed early
in the diagnostic workup of patients with lung cancer.
Integrated CT-PET imaging has a high accuracy in excluding
mediastinal metastases; it has, however, severe limitations in
confirming malignancy due to its high false-positive rate.
EUS, on the other hand, has a high accuracy in confirming
mediastinal metastases and is less accurate in excluding it.
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Using EUS-FNA to confirm mediastinal spread based on
PET-CT combines the best of both methods. Analyzing
PET-positive mediastinal abnormalities suspected of medi-
astinal nodal involvement by EUS-FNA has been proven to
be an accurate (>94%) [23, 24], minimally invasive and
cost-effective [25] staging strategy.

EUS and Sarcoidosis

Sarcoidosis is the most common interstitial lung disease
and frequently presents with hilar and mediastinal lym-
phadenopathy. In several studies, EUS-FNA has been
shown to be a method with a yield >82% in assessing non-
caseating granulomas [26-28]. The yield of EUS is higher
than that reported for transbronchial lung biopsies, 65%
(range 40-90%), a method that is still advised in current
standards, but which carries the risk of hemoptysis and
pneumothorax in around 7% of cases. EBUS-TBNA shows
an accuracy similar to EUS. With the increasing clinical
availability of endosonography, mediastinoscopy has
become obsolete for the diagnosis of sarcoidosis.

Training and Implementation

The evidence that EUS is an important method for the analysis
of mediastinal lesions is convincing and therefore EUS has

been recommended in recent guidelines [21, 22]. The chal-
lenge the pulmonary community is faced with is to implement
and distribute this method to ensure clinical accessibility.
Chest physicians might qualify best to perform EUS for the
pulmonary indications. They are the specialists for thoracic
diseases and are trained to choose the optimal (set of) diagnos-
tic/ staging tests. Additionally chest physicians are the experts
on lung cancer and other pulmonary diseases and are best
qualified to integrate all available clinical information [29].
Regarding training, it has been demonstrated that a dedicated
EUS implementation strategy for lung cancer staging includ-
ing on-site training in 45 patients seems adequate to achieve
competence in mediastinal staging of lung cancer [30].

Conclusion

EUS-FNA of mediastinal nodes or centrally located tumors
has proven to be an accurate, minimally invasive and safe
diagnostic method with a large impact on patient manage-
ment. EUS is complementary in its diagnostic reach to both
EBUS and mediastinoscopy and provides in particular
good access to the lower mediastinum. The position of EUS
in local lung cancer staging algorithms depends on other
methods available such as PET, EBUS and surgical staging.
Whether the combination of EUS and EBUS can obtain
‘complete mediastinal staging’ and can be regarded as an
alternative to surgical staging is under investigation.
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Abstract
Bronchoscopy in the new millennium spells an exciting time for the
pulmonologist, which likens to Alice peering through the looking glass
into a wonderland of miniaturized probes, superior optics and technol-
ogy that are advancing at a maddening pace. Whilst scientists continue
to push the envelope using nanotechnology where nanoparticles each
measuring one billionth of a meter may facilitate further miniaturiza-
tion of probes to allow imaging at the cellular or molecular level as well
as for targeted drug or gene delivery in the near future, it is opportune
to evaluate the strengths and weaknesses of available technologies in
thoracic imaging, for the diagnosis and staging of lung cancer as well as
in its early detection. This chapter critically appraises the current status
of available technologies and what they hold for the future.

Copyright © 2009 S. Karger AG, Basel

Nothing is certain except taxes and death.
Franklin Roosevelt

The freedom to choose exists in all other aspects of moral-
ity. As physicians, we witnessed the insemination of evi-
dence-based medicine, which arrived contemporaneously
with computers, to transform the art of medical decision
making into a science. The primary force driving evidence-
based medicine forward has been the perception that clini-
cians make medical decisions in an idiosyncratic manner
that sometimes compromises quality of care or wastes med-
ical resources [1]. To the chagrin of physicians who perceive
the practice of medicine as an art guided by experience,
today’s problem-solving strategies are largely algorithm-dri-
ven. Similarly, to convince health authorities to invest in new

technology, results derived from research that focuses on
prospective data collection, subject randomization, placebo-
controlled, and with blinding of both investigators and study
subjects are entrusted with the most weight, the very compo-
nents that are lacking in interventional pulmonology trials.
Moreover, different technologies under evaluation are not
compared directly. Each piece of equipment is expensive and
together with disposables drives up the cost per procedure.
There are problems with reimbursement as well as the need
for training to overcome the learning curve in order to attain
comparable results achieved by expert centers. These often
leave the clinicians with a huge dilemma of choosing between
technologies and deciding which equipment to purchase.
This chapter reviews the current status of thoracic imag-
ing: endobronchial ultrasound (EBUS) and navigational
bronchoscopy for more precise targeting and staging of lung
cancer, and improved optics to facilitate early lung cancer
detection as well as the understanding of carcinogenesis by
means of optical biopsy with optical coherence tomography
(OCT) and confocal microendoscopy. It compares the
strengths and weaknesses of available technologies as well as
evaluates the potential each technique holds for the future.

Thoracic Imaging
Intensive Care Unit

The pleural cavity is easily accessible to ultrasound.
Thoracic ultrasound can not only detect pleural effusion, it



is also able to elucidate its nature, for example the finding of
septations in purulent pleurisy, it aids in the selection of
suitable entry site for thoracentesis and tube placement,
which can be performed safely in a ventilated patient.
Bedside thoracic ultrasound is used to diagnose pneumoth-
orax quickly and with higher accuracy than bedside chest x-
ray (CXR). This is particularly important to patients who
are mechanically ventilated, as it is a complication that
requires immediate intervention since an alarming half
progress to tension pneumothoraces [2]. A normal bedside
CXR does not rule out pneumothorax since as much as 30%
can be occult; moreover, tension pneumothorax can remain
unclear on CXR and may require confirmation with com-
puted tomography (CT). Although CT is the gold standard,
its role in the intensive care unit is limited, and thoracic
ultrasound performed at the bedside is a viable alternative
that offers a quick solution [3].

Central Airway Disorders

The advent of multidetector CT scanners significantly
impacts the care of patients with airway disorders by allow-
ing reformation of axial images of the entire thorax
acquired during a single breath-hold into 2-dimensional
and 3-dimensional (virtual bronchoscopy) images. These
allow accurate assessment of the length of the airway lesion,
patency of the airway distal to stenosis, and its relationship
to surrounding mediastinal structures. In addition, it can
serve as a noninvasive imaging modality for follow-up of
treated airway pathology [4].

Thoracic Oncology

In the further evaluation of lung cancer, CT is the standard
imaging technique for most centers. The T descriptor refers
to the characteristics of the tumor, and CT is excellent in
defining the location and anatomic size of the primary mass
as well as its relationship to surrounding structures such as
the mediastinum, fissures and chest wall. Although varying
sensitivities (38-90%) and specificities (40-90%) have been
reported regarding accuracy of CT in deciding parietal
pleura or chest wall invasion (T3 disease) [5, 6], recent
studies have concluded that multiplanar reformatting using
multidetector CT images has led to an increased confidence
in the determination of tumor involvement of the pleura
and diaphragm [7, 8].

Of equal importance in the staging of lung cancer is
whether there is mediastinal invasion by tumor (T4 dis-
ease), and variable sensitivities 40-84% and specificities
57-94% have been reported using conventional CT.
Although multidetector CT results in a more accurate
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assessment of mediastinal fat planes given its quicker imag-
ing times and thus is less prone to respiratory and cardiac
artifacts, it is still unable to reliably distinguish simple
tumor contact from invasion of the mediastinal structures
[9].

In the evaluation of the lung, magnetic resonance imag-
ing (MRI) plays a limited role due to poor spatial resolu-
tion, low proton density, magnetic susceptibility-induced
signal loss and long imaging times that lead to physiologic
motion artifacts. MRI is, however, excellent for assessing
extension of intrathoracic masses to the chest wall (superior
sulcus tumors) or diaphragm because of its superior tissue
contrast, increased sensitivity to blood flow and multipla-
nar imaging capability [10, 11]. MRI is particularly useful
for the evaluation of primary chest wall tumors since imag-
ing in the sagittal and coronal planes demonstrates tumor
extension into the chest wall, diaphragm and mediastinum
clearly, and therefore plays a significant role in deciding on
the operability of malignant mesothelioma [12, 13]. In
addition, MRI can differentiate exudative from transudative
effusions as well as hemothoraces [14], and although corti-
cal destruction may be better demonstrated by CT, bone
marrow involvement by tumor is better visualized on MRI
[15].

Staging of the Mediastinum
Staging of lymph nodes by CT or MRI is dependent on size,
and a short axis diameter greater than 10 mm is suggestive
of metastatic disease. However, 2 meta-analyses, which
looked at the sensitivities and specificities of CT for lymph
node assessment based on 10mm threshold, reported
sobering results of 57, 59, 78 and 82%, respectively [16, 17].
Although CT as an isolated investigation cannot determine
the N status reliably, it nevertheless helps to direct medi-
astinoscopy in the sampling of enlarged lymph nodes.

Positron emission tomography (PET) using fluo-
rodeoxyglucose (FDG), a glucose analogue that is preferen-
tially taken up by tumor and metastases due to high glucose
utilization, has partially replaced conventional imaging for
mediastinal nodal staging. FDG-PET is not reliant on the
size criterion, and therefore confers a higher diagnostic
accuracy of 81-96% than CT or MRI for nodal metastasis
[18-20]. In fact a recent meta-analysis comparing different
imaging modalities reported a sensitivity of 79% and a
specificity of 91% using FDG-PET versus 60 and 77%,
respectively, with CT [18].

PET/CT which combines functional information of PET
with anatomic precision of CT gives higher sensitivity,
specificity and diagnostic accuracy of 89, 94 and 93% than

Lee - Beamis



either CT or PET alone [21]. However pathological confir-
mation is often required as inflammatory lymph nodes due
to tuberculosis, histoplasmosis and sarcoidosis can cause
false-positive PET resulting in mistaken upstaging of pri-
mary tumor [22]. Similarly micrometastases within lymph
nodes occurring beyond the limits of PET detectability can
lead to a false-negative rate as high as 8% [18, 20].

The other advantage of PET lies in the detection of
extrathoracic metastases. Although it is usual practice to
image caudally from thoracic inlet to the inferior edge of
liver and adrenals as part of a staging CT for lung cancer,
routine search for disease beyond the thorax and abdomen
(i.e., brain and bone) is rarely undertaken in asymptomatic
patients. However data show that about 20% of patients
who have undergone curative surgical treatment for lung
cancer relapse with metastatic disease, and PET plays a sig-
nificant role in identifying occult metastases [23]. Some
authors have also suggested that the standardized value of
FDG uptake of primary tumor can have prognostic value
independent of clinical TNM in predicting tumor recur-
rence after treatment, and can be used to stratify patients to
receive adjuvant chemotherapy or radiotherapy after
surgery [24].

Lung Cancer

Bronchoscopy is a useful diagnostic tool for lung cancer,
and bronchial washing, brushing, endobronchial and trans-
bronchial biopsies are methods routinely performed for
patients suspected to have lung cancer. The diagnostic yield
for biopsy of endobronchial lesions is 70-100% whilst that
of peripheral lesions is 33-62%. The addition of trans-
bronchial needle aspiration (TBNA) improves the overall
yield and may be exclusively diagnostic in 20% especially
for submucosal and peribronchial lesions as well as in the
staging of enlarged mediastinal or hilar lymph nodes [25].

Pulmonary Nodule

With the escalating use of CT in the evaluation of car-
diopulmonary diseases, pulmonologists face an increasing
number of patients with pulmonary nodules. Although
many of these nodules may be benign, the importance of
detecting early-stage bronchogenic carcinoma cannot be
overstated, and pathological diagnosis can be achieved with
flexible bronchoscopy and transbronchial lung biopsy
(TBB), CT-guided transthoracic needle biopsy, thoraco-
scopic surgery and thoracotomy. Notwithstanding that flex-
ible bronchoscopy is the least invasive of these procedures,

Competing Technologies for Thoracic Diseases

its diagnostic yield for the pulmonary nodule can be vari-
able between 19 and 68%, and highly dependent on size,
location and tumor bronchus relationship [26, 27].

Novel technologies and techniques have been developed
to improve the accuracy for targeting nodules <2 cm, and
they include CT-guided TBB for fluoroscopically invisible
nodules [28], EBUS guide sheath method [29], electromag-
netic navigation[30], and virtual bronchoscopic navigation
[31]. Although CT is available in most centers, CT-guided
TBB involves delicate logistics planning and exposes the
patient and healthcare workers to excessive radiation.

Miniaturized EBUS radial probe (UM-S20-20R, Olym-
pus) inserted via a guide sheath into the working channel of
the bronchoscope can be used to localize the lesion.

Once the nodule is visualized by a change in the ultra-
sound image of snowstorm appearance typical of normal
lung, the EBUS probe is withdrawn with the guide sheath in
place for the application of biopsy instruments. This
method can replace fluoroscopic TBB with 80% yield and
without pneumothorax. In fact, under expert hands it con-
fers a diagnostic accuracy of 76% for nodules measuring
less than 10 mm [29].

Electromagnetic navigation (superDimension; Ply-
mouth, Minn., USA) consists of 4 essential components: (1)
computer software that converts CT images into 3-dimen-
sional virtual bronchoscopy reconstruction, (2) electro-
magnetic board that emits low-dose electromagnetic field,
(3) sensor probe with 8-way steering mechanism that can
navigate the bronchial tree and is locatable within the elec-
tromagnetic field, and (4) extended working channel that
carries the sensor probe or bronchoscopic tools to the
peripheral lung lesions. Reference anatomic landmarks
such as the main and secondary carinae as well as the target
lesion are identified on virtual bronchoscopy and preloaded
into the system. The patient is then first placed over the
electromagnetic board and the locatable sensor probe is
inserted through the working channel of the bronchoscope
into the airways. The same landmarks are identified by the
probe during bronchoscopy, registered and aligned with the
data from chest CT. The locatable sensor probe is directed
in real time to the target lesion and sampling of tissue con-
ducted through the extended working channel (fig. 1). In
addition to its diagnostic applications, it can also allow
placement of fiducial markers to localize tumor for stereo-
tactic radiosurgery in patients who are unfit for surgery as
well as for direct delivery of radiofrequency ablation in
selected patients [32].

EBUS and electromagnetic navigation bronchoscopy
have been shown to increase the yield of bronchoscopic
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Fig. 1. Electromagnetic navigational bron-
choscopy. a Computer software that con-
verts CT images into 3-dimensional virtual
bronchoscopy. b Sensor probe with 8-way
steering mechanism. ¢ Roadmap to the
lesion. d Electromagnetic board that emits
low-dose electromagnetic field.

biopsy of pulmonary nodules, and sensitivities for EBUS
and electromagnetic navigational bronchoscopy range
between 58 and 80, and 69 and 74%, respectively. Although
both methods seem to be independent of nodule size, elec-
tromagnetic navigational bronchoscopy does not allow the
operator to confirm the position of forceps within the nod-
ule as it is possible with the EBUS probe prior to biopsy;
EBUS, however, lacks navigational guidance and is reliant
on the operator to maneuver the bronchoscope and probe
to the bronchus that most likely leads to the lesion with the
help of preprocedural CT. It was shown in a previous study
that up to 24% of nodules could not be localized by EBUS
[33]. Thus, by combining both the technology of electro-
magnetic navigation and EBUS, the diagnostic yield was
markedly increased to 88% rather than with EBUS (69%) or
electromagnetic navigation (59%) alone [34].
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Still under research is virtual bronchoscopic navigation
where an ultrathin bronchoscope is guided to the target
bronchus by a system that displays a series of virtual bron-
choscopic images of increasing order bronchi that ulti-
mately lead to the lesion. Once the bronchoscope is within
the target bronchus, a forceps is advanced to the lesion
under CT fluoroscopy. Before biopsy is performed, forceps
and bronchoscope positions are confirmed on thin section
CT images. In a preliminary study of 37 patients with 38
lesions, virtual bronchoscopic images to sixth order bronchi
could be produced, the ultrathin bronchoscope advanced
into the planned route for 36 of 38 lesions (94.7%), and the
forceps into 33 of 38 lesions (86.8%) achieving a diagnostic
yield of 81.6% [31]. Although this technique appears
promising and obviates the need for a dedicated electro-
magnetic navigation system as well as additional costs for
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single-use disposable electromagnetic sensor probes, suc-
cess depends not only on the accurate reproduction of vir-
tual bronchoscopic images, which in turn relies on CT
software and experience of the technologist but also, there
exists a steep learning curve for the operator to navigate the
bronchoscope through a myriad of branching smaller order
bronchi to access the target bronchus. Notwithstanding that
there are weaknesses in each method, rapidly advancing
technology in the realm of imaging pushes the envelope to
allow greater precision targeting of peripheral pulmonary
lesions.

Mediastinal Staging

Accurate staging of the mediastinum is a critical step in the
management of lung cancer. It is well established that in non-
small cell lung cancer (NSCLC), the stage at presentation is
the main determinant of survival [35]. SCLC usually metasta-
sizes via lymphatic system to locoregional lymph nodes (hilar
and mediastinal), to distant organs by hematogenous spread,
and the degree of spread will impact on the most appropriate
and optimal treatment strategy. There are different methods
for sampling enlarged or PET-positive mediastinal lymph
nodes, which include mediastinoscopy, Chamberlain proce-
dure (anterior mediastinotomy), video-assisted thoracic
surgery, transthoracic needle aspiration of the mediastinum,
conventional TBNA, CT fluoroscopy-guided TBNA, EBUS-
TBNA, and endoscopic ultrasound-guided fine needle aspira-
tion (EUS-FNA).

Although the traditional approach to mediastinal stag-
ing is to perform a mediastinoscopy;, it is still an invasive
procedure that requires general anesthesia and in most
instances hospitalization. Whilst a standard cervical medi-
astinoscopy performed by an experienced thoracic surgeon
should allow access to the right and left paratracheal as well
as anterior subcarinal nodes, mediastinoscopy is not always
a straightforward procedure, and the optimal yield is
dependent on the experience of the operator. Moreover, less
experienced surgeons may not feel confident about explor-
ing the mediastinum fully for fear of damaging mediastinal
structures, and a recent study shows that only 40% of medi-
astinoscopies are performed adequately [36]. Thus, sensi-
tivity and specificity of mediastinoscopy derived from
pooled data are 81 and 100%, respectively [37].

It is important to realize that no one surgical procedure
provides access to all mediastinal lymph node stations. A
cervical mediastinoscopy allows access to nodal levels 2R,
2L, 4R, 4L and upper anterior part of 7, left anterior medi-
astinotomy for lymph nodes in the aortopulmonary win-
dow and para-aortic area (levels 5, 6), and left video-assisted
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thoracoscopic procedure for the entire subcarinal area as
well as posterior-inferior mediastinum (levels 8, 9), leaving
the hilar lymph nodes (levels 10, 11, 12) which are particu-
larly challenging.

Conventional TBNA performed via flexible bron-
choscopy permits sampling of nodal levels 2R, 2L, 4R, 4L, 7,
10, 11, 12 in a minimally invasive manner; however, it is by
far the most operator-dependent procedure with a variable
yield [38]. By incorporating imaging such as CT fluo-
roscopy, EBUS and EUS where entry of the needle into the
lymph node is observed, yield from TBNA is enhanced
[39]. Certainly to pulmonologists evaluating these options,
CT fluoroscopy-TBNA sounds most attractive since CT is
readily available and CT fluoroscopy-TBNA represents an
extension of a repertoire of radiographic-guided proce-
dures with which the pulmonologists are already familiar
such as fluoroscopic-guided TBB. Even at no additional
cost to acquire equipment or in skill training, performance
of bronchoscopy at CT scanner holding facility requires
considerable logistics planning, and exposes the patient as
well as healthcare workers to excessive irradiation.

EUS initially developed for esophageal staging is used
increasingly to stage the mediastinum in lung cancer.
Curvilinear echoendoscope inserted in the esophagus
allows real-time FNA of lymph nodes located in the aor-
topulmonary window (level 4L), subcarinal area (level 7),
paraesophagus (level 8) and inferior pulmonary ligament
(level 9). EUS can also be used to examine and biopsy
lesions in the left adrenal gland and left lobe of the liver.
Sensitivity of EUS-FNA for enlarged lymph nodes measur-
ing more than 10 mm is 90-95%. The procedure also pre-
vented 70% of surgical procedures on account of upstaging
[40]. In patients diagnosed with lung cancer but who had
‘normal’ mediastinum as defined by CT, Wallace et al. [41]
found that 25% had unsuspected disease which was
detected by EUS-FNA, while LeBlanc et al. [42] showed that
when EUS was included in mediastinal staging, it precluded
surgery in 12% of patients who were later discovered to
have N2 or N3 disease.

EBUS-guided TBNA can be performed using a minia-
turized 20-MHz radial probe (UM-BS20-26R, Olympus)
fitted with catheter and balloon at the tip or with the convex
probe EBUS. Radial EBUS is introduced through the work-
ing channel of a flexible bronchoscope; when the balloon is
inflated with water it optimizes contact between the probe
and bronchial wall and allows visualization of the bronchial
wall, mediastinal and hilar lymph nodes. Thus radial EBUS
can be used to localize lymph nodes prior to needle aspira-
tion. Although radial EBUS has been shown to increase the

175



yield of TBNA to 86%, it does not provide real-time visual-
ization of the needle entering the target lymph node unlike
convex probe EBUS, which is fitted with a 7.5-MHz trans-
ducer at the tip (XBF-UC260F-OLS8, Olympus). Reported
sensitivity for convex probe EBUS-TBNA ranges between
85 and 95%, and lymph nodes as small as 7 mm at levels 2,
3,4,7,10and 11 can be sampled using this device [43]. By
combining convex probe EBUS-TBNA with EUS-FNA, it is
possible to access the mediastinum in a minimally invasive
manner, in its entirety except lymph node stations 5 (aor-
topulmonary window lateral to the arterial ligament) and 6
(para-aortic), which can only be approached via left ante-
rior mediastinotomy [44].

Early Lung Cancer Detection by Autofluorescence
Bronchoscopy, Narrow Band Imaging or OCT

When the bronchial surface is illuminated by light, light can
be absorbed, reflected, back scattered or induce fluores-
cence. Reflectance imaging (e.g., white light bronchscopy)
defines structural features of the bronchial epithelium to
discriminate normal from abnormal while autofluores-
cence bronchoscopy (AF) depends on the concentration of
fluorophores within the bronchial tissue. Normal bronchial
epithelium fluoresces in green when illuminated by blue
light, but as it transforms through different grades of dys-
plasia, carcinoma in situ to invasive cancer, a progressive
decrease in green fluorescence due to increased epithelial
thickness and tumor neovascularization occurs, thereby
making these abnormal areas appear red. The spectral dif-
ferences between 500 and 700 nm for normal, preneoplastic
and neoplastic tissues serve as basis for the development of
AF reflectance imaging devices such as LIFE (Xilix
Technologies, Canada), D-light (Karl Storz, Germany), and
SAFE 1000/3000 (Pentax, Japan).

Studies have consistently demonstrated superiority of
AF over white light bronchoscopy for the detection of
preinvasive lesions and early central airway cancer.
Conventional bronchoscopy is highly specific while AF has
a high false-positive rate especially if bronchitis or airway
inflammation is encountered. Although a high sensitivity is
essential to facilitate detection and early diagnosis, low
specificity can lead to extensive biopsy and increased proce-
dural time. Efforts have been made to improve AF speci-
ficity, which include use of fluorescence (red/green) ratio
[45], and simultaneous video- and autofluorescence imag-
ing (fig. 2a, b) [46].

By being a sensitive tool for the detection of airway dys-
plasia, AF also allows bronchoscopists to monitor progres-
sion or regression of these lesions either with or without
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chemoprevention. However in order to determine progres-
sion or regression of airway dysplasia, histological examina-
tion is mandatory, and since most of the lesions are
superficial (being several cells thick) and small in size, it is
plausible that they may be completely removed by biopsy
alone, and thus may undermine interpretation of the nat-
ural history of carcinogenesis or results of chemopreven-
tion trials [47].

Narrow band imaging [48] that delineates and charac-
terizes microvascular network aims to advance the under-
standing of angiogenesis and its role in carcinogenesis
(fig. 3), while Raman spectroscopy attempts to differentiate
preinvasive from benign lesions by measuring the biochem-
ical composition and metabolic state of bronchial tissues.
Unlike EBUS, OCT detects backscattered light instead of
sound waves, and because light is 200,000 times faster than
sound, low coherence interferometry is required to inte-
grate reflectance properties of tissue scanned to produce
high-resolution cross-sectional microimages. For the air-
way, OCT can display structures of the bronchial wall in
great detail and allows maximum penetration depth of
2 mm where most endobronchial bronchogenic carcinomas
arise and spread, equivalent to the biopsy thickness
achieved with standard forceps [49]. Unlike radial EBUS
that achieves 4mm depth and is used primarily to detect
tumor invasion into the bronchial wall or enlarged peri-
bronchial lymph nodes, OCT offers high-resolution cross-
sectional microimages that allow real-time noninvasive
histologic imaging without the performance of biopsy
(fig. 4). Confocal microendoscopy [50] provides cellular
images, which coupled with OCT may enhance our under-
standing of the evolution of preinvasive lesions by means of
optical biopsy. This is particularly true for minute lesions
that are a few millimeters wide and several cells thick where
biopsy would interfere in the study of early carcinogenesis
and lead to a falsely high rate of ‘spontaneous’ regression.

Conclusion

In thoracic imaging, ultrasound remains an invaluable tool
for quick bedside diagnosis of pneumothorax, and in the
careful selection of an entry site for thoracentesis in a
mechanically ventilated patient with pleural effusion.
Although advancing CT technology has enabled exquisite
anatomical detail, it seems unlikely that further refinements
will impact on staging accuracy in thoracic oncology. PET
and recently PET/CT have shaped the staging algorithm of
NSCLC, and help stratify patients treated surgically for
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Fig. 2. a Quantitative image analysis of carcinoma in situ. White light and AF bronchoscopic images showing carci-
noma in situ of LB6. b Simultaneous dual digital video-autofluorescence imaging (SAFE 3000). Previous biopsy site
over middle lobe carina (arrow) with abnormal fluorescence (right); videobronchoscopy is normal (left), and histology

is normal.

Fig. 3. Angiogenic squamous dysplasia
(courtesy of K. Shibuya, Chiba University,
Japan). a White light bronchoscopy. High
magnification bronchovideoscopy (b) com-
bined with narrow band imaging (c) of the
bronchial mucosa. Complex tortuous ves-
sels are clearly visible on narrow band imag-
ing and pathological diagnosis revealed
angiogenic squamous dysplasia, a possible
precursor of early squamous cell cancer.

early stage lung cancers likely to relapse for adjuvant
chemotherapy according to the standardized uptake value
score.

In mediastinal staging of lung cancer, PET may have a
role in patients with T1 NSCLC by allowing those with
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PET-negative mediastinum to avoid preoperative medi-
astinoscopy since nodal metastasis is only found in 5% or
less. By combining convex probe EBUS-TBNA and EUS-
FNA it is now possible to stage the mediastinum in its
entirety, and in a minimally invasive manner.
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OCT (Tumor)

&CT (Trachea, Normal)

Fig. 4. Squamous cell carcinoma of the trachea (courtesy of N. Ikeda, Tokyo Medical University, Japan). a Bronchoscopic image. A = Nodular
tumor; B = normal tracheal wall. b OCT: tumor (A) infiltrating beyond the cartilage. ¢ Normal OCT.

Navigational bronchoscopy coupled with miniaturized
radial EBUS probe leads to precision targeting of peripheral
pulmonary nodules. Inflating the balloon at the tip of the
catheter that houses the radial EBUS probe gives rise to a
circumferential display of the layers of the bronchial wall
and surrounding structures useful for assessing the extent
of tumor invasion as well as for the localization of enlarged
peribronchial lymph node before biopsy.

In the study of early lung cancer, AF is a sensitive tool for
the detection of airway preneoplasia; however, confirmation
with histology mandates biopsy, which can lead to its com-
plete removal, disruption of airway mucosa and thus interfer-
ence with the natural evolution or carcinogenesis process. As
refinements in OCT and confocal microendoscopy continue,
superior optical imaging even at a cellular level can enhance our
understanding of carcinogenesis by means of optical biopsy.
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Abstract
Ultrasound is a very useful adjunct to medical thoracoscopy. It allows
a real-time assessment of the complexity of the pleural space at the
bedside. This in turn minimizes complications and maximizes safety.
Traditionally, the induction of a pneumothorax was necessary prior
to beginning the medical thoracoscopy in order to minimize the risk
of injury to the lung or adjacent solid organs at the time of insertion
of the trocar. Unfortunately, this also required a chest radiograph to
confirm that the lung did indeed fall away from the chest wall. The
induction and documentation of the pneumothorax incurred unnec-
essary risk, expense and delays. Ultrasound is useful prior to medical
thoracoscopy as it allows the physician to evaluate the pleural space
at the time of the procedure in the thoracoscopy position. This facili-
tates the identification of a safe entry site into the thorax even in
more complex cases such as those with multiloculated effusions.
Copyright © 2009 S. Karger AG, Basel

Medical thoracoscopy (MT) is a diagnostic/therapeutic
procedure performed to visualize the structures of the
pleural space, and perform biopsies and pleurodesis when
necessary. It is generally performed by pulmonologists
under moderate sedation and does not require endotra-
cheal intubation and single lung ventilation. MT is a sterile
procedure; however, it is performed safely by many thora-
coscopists in a pulmonary procedure room. Traditionally,
this procedure was performed using rigid instruments
through a trocar; however, a semirigid thoracoscope has
recently been developed using technology similar to flexible
bronchoscopy [1].

One of the main indications for MT is the evaluation of
patients with undiagnosed exudative effusions despite rou-
tine relatively noninvasive testing including diagnostic tho-
racentesis with cytology specimens. Approximately 25% of
patients will have an undiagnosed exudative effusion follow-
ing thoracentesis and blind pleural biopsy [2]. Worldwide,

the most common causes for exudative effusions include
malignancy and infection, most particularly tuberculosis.
The probability of malignancy versus tuberculosis is
strongly dependent on the population studied. Overall,
malignancy is thought to account for approximately 45% of
all exudative effusions; however, this may not hold true in
TB endemic countries [3]. In a large series of patients from
TB endemic countries, a diagnosis was possible by MT in
99% compared to 51% with needle biopsy and 61% with
pleural fluid analysis plus blind pleural biopsy [4]. With
respect to the yield for malignancy, Boutin et al. [5] per-
formed MT in patients with previously negative pleural fluid
cytology and blind biopsy. They repeated both the thoracen-
tesis and biopsy the day prior to the MT with a combined
yield of only 41%, whereas a diagnosis was made in 97% fol-
lowing MT. MT is clearly superior to either thoracentesis or
blind pleural biopsy in the diagnosis of undiagnosed exuda-
tive effusions. The improved yield is likely related to the size
of specimens that can be obtained using this technique cou-
pled with the ability to biopsy abnormal areas under direct
visualization.

Many centers, particularly in Europe, also perform tho-
racoscopy as part of the management of complicated para-
pneumonic effusion and empyema [6]. MT is used to
breakdown locules of infected fluid and lavage the pleural
space under direct vision.

Description of MT and Ultrasound Procedures

Online supplementary video 1 reviews the technique of MT
including the preprocedure ultrasound. Patients referred
for MT should undergo a comprehensive history and phys-
ical examination to ensure there exist no contraindications
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Fig. 1. Transthoracic ultrasound being performed with patientin MT
position to localize an insertion site for the thoracoscope.

to the procedure including uncorrectable bleeding
dyscrasias, unstable cardiac or pulmonary disease or inabil-
ity to tolerate a pneumothorax. Frontal and lateral chest
radiographs and thoracic ultrasound to evaluate the pleural
space are performed during the initial visit. The patient is
placed on respiratory and hemodynamic monitoring
throughout the procedure and is positioned in the lateral
decubitus position with the healthy lung in the down posi-
tion. The ipsilateral arm is elevated and abducted while pre-
venting postprocedure plexopathies by supporting and
cushioning the elbow and shoulder. A pillow can also be
placed under the dependent side to open the intercostal
spaces.

Once the patient is positioned, an appropriate entry site
is localized using the transthoracic ultrasound (fig. 1).
Traditionally, a site in the midaxillary line is selected as
there is minimal muscle and adipose tissue. Many physi-
cians use a convex probe with a frequency of 3.5 MHz as
this allows an adequate visualization of deeper structures.
There is a marker on the probe which corresponds with that
on the ultrasound screen to indicate the direction of imag-
ing. By convention the marked probe is oriented in the
cephalad direction. The probe is moved along the inter-
space horizontally and then moved superiorly and inferi-
orly in adjacent interspaces in order to identify the layers of
the chest wall, visceral and parietal pleura, diaphragm, lung
and subdiaphragmatic structures (fig. 2). Air within the
lung parenchyma causes a scatter of the sound waves and
therefore produces a heterogeneous gray artifact. Key struc-
tures for orientation include the diaphragm and liver. The
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Fig. 2. Ultrasound image showing anechoic pleural fluid with the
hemidiaphragm clearly identified above the liver.

liver is considered an echo reference as it is considered isoe-
choic and structures seen as brighter are considered hyper-
echoic and those less echogenic are hypoechoic. The liver is
readily identified as it is isoechoic and the ducts can often
be seen as low echogenicity structures within the organ.
The hemdiaphragm is a hyperechoic dome-shaped struc-
ture that moves with respiration. The visceral and parietal
pleura appear hyperechoic, whereas simple pleural fluid
appears anechoic. More viscous fluid such as what might be
seen in empyema, blood or more complex or organized
pleural fluid will be hypoechoic rather than anechoic. In a
healthy pleural space there is only a small amount of fluid
separating the thin pleural membranes; therefore, they may
be seen as a single bright echo. During the respiratory cycle
the lung glides within the pleural cavity producing a phe-
nomenon referred to as the visceral or pleural slide (chapter
3, online suppl. video 5). Adhesions between the pleura can
be identified as hyperechoic bands running between the
chest wall and lung parenchyma through anechoic or
hypoechoic pleural fluid (fig. 3a, b). They may be simple or
multiple forming loculations within the pleural space (fig.
4a—c). Pleural symphysis can be recognized by complete
absence of pleural slide in combination with the identifica-
tion of a single bright echo separating the lung parenchyma
and chest wall structures. Of note, the preprocedure ultra-
sound can be suggestive of a nonexpandable lung leading
the operator to abort the procedure and consider other
therapeutic options (fig. 5a—c).

The skin is cleansed using chlorhexadine and the patient
is draped in a sterile fashion. The patient is sedated (many
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Fig. 3. Thick membraneous pleural adhe-
sion as seen at the time of thoracoscopy (a)
and the ultrasound correlate (b).

centers use a combination of fentanyl and midazolam) with
care to maintain spontaneous respiration. Figure 6 demon-
strates the equipment necessary to perform the procedure.
Approximately 30-40 ml of 1% xylocaine is used for local
anesthesia to the intercostal space and periosteum of the rib
above and below the selected entry site. Upon puncturing
through the parietal pleura, fluid is aspirated back. A 1- to
2-cm incision is made to the skin and the deeper tissues
spread using forceps. The trocar is then inserted and a suc-
tion catheter passed through it into the pleural space to
aspirate excess fluid that will limit inspection of the pleural
cavity. The rigid optic or semirigid thoracoscope can then
be used to inspect the pleural space, take biopsies and instill
a sclerosant if necessary. A second port can be placed under
direct visualization for diagnostic or therapeutic purposes,
i.e. to pass biopsy forceps or catheter for insufflations of
sclerosants, respectively. Upon completion of the proce-
dure, a chest tube is directed posteriorly via the trocar and
the optional second entry site sutured. The chest tube is
fixed and the drain placed to suction until no further leak
exists or no significant quantity of fluid is draining.

MT is generally considered a safe procedure, although
the risks do include massive hemorrhage, trauma to the
lung with persistent air leak and even death. Colt [7]
prospectively evaluated thoracoscopy-related complica-
tions and adverse events in a large US center. Of the 52 MTs
performed, only 1 patient with scleroderma developed a
recurrent effusion with fever and leukocytosis requiring
readmission and pleural drainage. There was 1 chest tube
site infection and 1 small residual clinically insignificant
pneumothorax following chest tube removal. Mortality for
this procedure is quoted as <0.01% and a single case of
bleeding requiring conversion to thoracotomy has been
reported [8]. It should be noted that the low morbidity and
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mortality rates quoted are most certainly influenced by
patient selection and experience.

The ideal patient for MT has a large uncomplicated
pleural effusion. Unfortunately, malignancy and infection
are both proinflammatory. Any manipulation of the pleural
space can also lead to the production of inflammatory
mediators such as tissue growth factor-@, tumor necrosis
factor-a, tissue factor and plasminogen activator inhibitors
1 and 2. In short, these proinflammatory mediators serve to
increase the intrapleural conversion of fibrinogen to fibrin
and then downregulate the fibrinolytic pathway. They also
stimulate the mesothelial cells to synthesize and secrete
more proinflammatory cytokines. This dysregulation leads
initially to the formation of fibrin strands and loculations
and eventually to fusion of the visceral and parietal pleurae.
This complex cascade of inflammation can result from even
minimal disruption of inflamed pleura such as might occur
with thoracentesis [9]. As was stated above, thoracoscopy is
reserved for patients who despite thoracentesis and pleural
biopsy remain as undiagnosed exudative effusions or alter-
natively for patients with pleural space infections. By defin-
ition, the patients being considered for thoracoscopy are at
risk of having a complex pleural space running the spec-
trum from simple loculations, vascular loculations, focal
areas of adhesion of the lung to the parietal pleura, to com-
plete fusion of the pleural space (fig. 3, 4).

Traditionally, the selection of patients considered as
good candidates for MT was based upon (1) the patient’s
ability to tolerate an induced pneumothorax and (2) the
ability to demonstrate that the lung completely falls away
from the chest wall following the induction of a pneumoth-
orax [10]. It is likely that these stringent selection criteria
have contributed to a low rate of procedure-related compli-
cations. The lung falling away from the chest suggests that
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Fig. 4. Multiloculated fibrinous adhesions
as seen at thoracoscopy (a, b) and the ultra-
sound correlate (c).

there are no significant adhesions between the lung and the
chest wall and is definitive proof that pleural symphysis has
not occurred. The clinical implication of MT is that the
lung is a safe distance from the chest wall such that lung
perforation or sheering of vascular adhesions by the trocar
or thoracoscope at insertion is less likely. The stringent
selection unfortunately also means that patients with more
complicated pleural pathology, who may benefit as much or
more, may not be considered candidates. In addition, the
pneumothorax is induced either the day prior to the proce-
dure or a couple of hours before the procedure. It is docu-
mented by a standard 2-view chest radiograph. This
requires hospital admission the day before the procedure or
a 2-phase procedure with a 2 or more hour delay to induce
the pneumothorax and perform X-rays.

Knowledge of pulmonary anatomy and pathology by the
pulmonologist has historically been guided by clinical
examination findings and by chest radiographs. Clinicians
localized pleural effusions and identified the most appro-
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priate sites to perform thoracentesis and chest tube place-
ment, by demonstrating dullness to percussion and absence
of breath sounds corresponding to areas of complete opaci-
fication on the X-ray. Complete atelectasis of a portion of
the lung or alternatively elevation of an intra-abdominal
structure may manifest in a similar fashion. In fact, a recent
study by Diacon et al. [11] clearly showed that ultrasound
guidance for thoracentesis not only improved the rate of
appropriate site selection by 26%, but also avoided acciden-
tal organ puncture in 10%. This study compared the clinical
skills of physicians with varying levels of experience to
transthoracic ultrasound guidance for the localization of a
puncture site for thoracentesis. Of note, they found no rela-
tionship between experience and the selection of a poten-
tially erroneous puncture site. In addition, loculation or
more complex pleural disease was a risk factor for selection
of an inappropriate puncture site. If real-time image guid-
ance is recommended as adjunct to clinical examination for
simple thoracentesis, it is certainly important when placing
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Fig. 6. Table displaying thoracoscopy equipment.

a 7- to 10-mm thoracoscope and trocar into the pleural
space.

Image guidance can be performed in advance of MT or
in real time. Of course the disadvantage of imaging done in
advance is that the patient is unlikely to be in the thora-
coscopy position at the time of the study. Also, the patient’s
position or limitations of the imaging technique itself may
render a potential hazard difficult to identify. A chest radi-
ograph, for example, only allows for a frontal, lateral and if
requested decubitus view. The resolution is such that even
complicated, vascular loculations are not necessarily identi-
fied. CT imaging has a much higher resolution and the
cross-sectional images render CT a good technique to eval-
uate the pleura for the presence of disease. Mason et al. [12,
13] evaluated the correlation between pleural thickening on
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CT and the presence or absence of adhesions present at
video-assisted thoracoscopy. It was postulated that the pres-
ence of adhesions may be associated with difficulty pene-
trating the thoracic cavity with the thoracoscopy
instruments and an increase in the complication rate.
Indeed they found that the presence of pleural plaques was
associated with an increased risk of difficulty with the
insertion of instruments. Adhesions on the other hand were
identified in areas both where there was CT evidence of
pleural thickening and in areas where no thickening was
seen. There was an absence of adhesions at thoracoscopy in
areas of pleural thickening on imaging. Also, CT failed to
identify 10 cases of complete symphysis of the pleural space
and either missed or wrongly identified 10/11 vascular
adhesions as being nonvascular [12, 13]. In short, CT plays
a limited role in the preprocedural identification of pleural
symphysis and loculations/adhesions prior to video-
assisted thoracoscopic surgery (VATS). As MT is suffi-
ciently similar to VATS, it is safe to extrapolate these
conclusions to MT.

Transthoracic ultrasound provides several advantages
over the other imaging modalities previously described for
the preprocedural assessment of the pleura. With the advent
of new smaller ultrasound machines, the ultrasound can
readily be performed at the bedside with the patient in the
MT position. It allows the operator to evaluate the pleural
space throughout the respiratory cycle, with the patient
spontaneously breathing and not during a breath hold as is
the case with CT. A wide variation in the position of the
hemidiaphragm may be found during the respiratory cycle.
As shown by Diacon et al. [11] for thoracentesis, the identi-
fication of the hemidiaphragm is the key to avoiding acci-
dental organ puncture. This is particularly important when
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considering an insertion site for the trocar and thoraco-
scope. Traditionally, a safe entry site was selected at a level
most likely to provide a comprehensive evaluation of the
pleural space. For pleural fluid the 5th interspace in the
midaxillary line was often chosen. Echogenicity of fluid is
markedly different from that of solid organs or even pleural
thickening. This allows the quantification of pleural fluid
and aids in the selection of an appropriate entry site. The
fluid serves as a buffer for the lung such that it is protected
from the instruments. This is particularly important in the
context of a multiloculated fluid collection.

Concern exists regarding the risk of tumor seeding with
the chest wall instrumentation for MT in the context of
mesothelioma. Ultrasound can readily distinguish between
pleural fluid and thickening. In a case suspicious for
mesothelioma, it is possible to avoid entry into the
hemithorax in an area of pleural thickening with the use of
ultrasound. In a series of 687 patients undergoing pre-MT
ultrasonography including 79 mesothelioma cases, only 3
patients (approximately 3% of mesotheliomas) developed
tumor seeding of the thoracoscopy tract [14]. The inci-
dence of seeding is markedly less than the 30-40% reported
by Boutin et al. [15]. It is unclear whether the authors sys-
tematically avoided areas of focal thickening when selecting
their entry site, although this would be logical.

The preprocedural identification of a fused pleural space
or the presence of adhesions is key to minimizing proce-
dural risks of MT. As stated above, CT is only at best of
moderate utility in the identification of these predictors of
technical difficulties. The ability to identify adhesions with
ultrasound is based on the degree of visceral slide, a phe-
nomenon first used in laparoscopic abdominal surgery. It
was found that visceral adhesions could be predicted in
patients where a less than 2-cm movement of intra-abdom-
inal structures along the abdominal wall was visualized
with the ultrasound [16]. Although no studies evaluating
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Abstract

Radial-type endobronchial ultrasound (EBUS) is useful for a diagnosis
based on the depth of invasion of bronchial carcinoma, because it
has the ability to analyze the delicate layer structure of the airway
wall. EBUS is the most efficient tool to establish candidates for pho-
todynamic therapy. For laser ablation of malignant airway stenosis,
EBUS information is very important in order to avoid damage of the
peribronchial blood vessels and to prevent fistula formation. Real-
time measurement of the airway size using EBUS can provide useful
information to help with the decision of stent size, especially in the
case of tracheobronchomalacia. Tracheobronchial tuberculosis
causes airway stenosis and tracheobronchomalacia. EBUS reveals
thickening of the submucosa. When EBUS shows damage of the car-
tilage of the airway, the airway cannot maintain its patency; there-
fore, stent placement is necessary. However, if the cartilage looks
intact, the airway can be patent without stenting. Thus EBUS infor-
mation is useful for strategic considerations. In Wegener’s granulo-
matosis, EBUS shows circumferential thickening of the submucosa
with intact bronchial cartilage. In relapsing polychondritis, it reveals
marked thickening of the cartilage with thickening of the submu-

cosal layer. This is confirmed by histopathology.
Copyright © 2009 S. Karger AG, Basel

Endobronchial ultrasound (EBUS) extends the view of
bronchoscopists through the surface of the airway to the
airway wall and peribronchial structures. It makes it possi-
ble to look at the airway and its surrounding structure to
provide useful information for diagnosis and therapeutic
strategies. In this chapter, the role of radial-type, 20-MHz
EBUS is discussed. Difficult airway problems, such as air-
way stenosis, airway obstruction and tracheobronchomala-
cia, will be discussed. At first, we would like to explain the

role of EBUS in interventional procedures for treating air-
way stenosis caused by various diseases. Next, the role of
EBUS in several benign diseases will be covered [for malig-
nant diseases, see chapter 23, pp. 202-207].

The Role of EBUS in Airway Interventional Procedures

Airway stenosis and obstruction clinically probably represent
the most serious airway problems. These are caused by vari-
ous circumstances. Malignant causes include bronchial carci-
noma itself, extrinsic compression by enlarged lymph nodes
of cancer metastasis or malignant lymphoma, mediastinal
tumor, or esophageal cancer. Benign causes are attributed to
postintubation granuloma, tracheobronchial malacia caused
by various situations, or Wegener’s granuloma.

Diagnosis Based on Depth of Invasion of Bronchial
Carcinoma and Strategic Considerations

When the cause of airway stenosis is bronchial carcinoma,
the depth of tumor invasion can be assessed by EBUS [1].
Whether the tumor is restricted inside the bronchial carti-
lage, invading beyond the cartilage, or infiltrating the peri-
bronchial blood vessels can be clarified. Only EBUS has the
advantage of being able to describe the delicate structure of
the bronchial wall. To decide on the treatment it is impor-
tant to evaluate whether the tumor is within the cartilage or
invading beyond the cartilage. We assessed the depth of



Table 1. Results of the assessment of bronchoscopy, HR-CT, and EBUS for endobronchial tumor

Case Histology  Bronchoscopy HR-CT EBUS Therapy Results Recurrence Follow-up (mo)
detection Type Sizecm

1 cls AFB S 0-0.5 \% intracartilaginous ~ PDT CR no 33
2 cls AFB S 0-0.5 \% intracartilaginous ~ PDT CR no 21
3 cIs WLB S 0-0.5 I\ intracartilaginous  PDT CR no 21
4 Sq.ca WLB S 0.5-1.0 I\ intracartilaginous  PDT CR no 45
5 Sq.ca WLB S 0-0.5 \% intracartilaginous ~ PDT CR no 46
6 Sq.ca WLB S 0-0.5 \% intracartilaginous  PDT CR no 10
7 Sq.ca WLB S 0-0.5 \% intracartilaginous  PDT CR no 45
8 Sq.ca WLB N 0-0.5 I\ intracartilaginous  PDT CR no 46
9 Sq.ca WLB N 0.5-1.0 v intracartilaginous ~ PDT CR no 21
10 Sq.ca AFB S 0.5-1.0 \% extracartilaginous  surgery no 24
11 Sq.ca WLB N 0-0.5 I\ extracartilaginous  surgery no 18
12 Sq.ca WLB S 0.5-1.0 IL extracartilaginous  surgery no 48
13 Sq.ca WLB P 0.5-1.0 IL extracartilaginous  surgery no 7
14 Sq. ca WLB P 1.5-2.0 IL extracartilaginous  PDT + RT CR no 45
15 Sq.ca WLB S 0.5-1.0 EL extracartilaginous PDT + CT + RT CR no 11
16 Sq.ca WLB P 1.0-1.5 EL extracartilaginous  surgery no 21
17 Sq.ca WLB P 1.0-15 EL extracartilaginous  PDT + CT CR no 18
18 Sq.ca WLB P 1.0-1.5 EL extracartilaginous  surgery no 16

AFB = Autofluorescence bronchoscopy; CIS = carcinoma in situ; CR = complete response; CT = chemotherapy; EL = sings of extraluminal
tumor; extracartilaginous = tumor invasion is beyond the cartilage; IL = strictly intraluminal tumor; intracartilaginous = tumor invasion is
within the mucosa and/or submucosa; IV = invisible; N = nodular type; P = polypoid type; PDT = photodynamic therapy; RT = radiotherapy;
S = superficial type; Sq. ca = squamous cell carcinoma; WLB = white light bronchoscopy.

invasion of bronchial carcinoma in the central airway by
EBUS [2]. We intended to evaluate the use of EBUS in
selecting appropriate candidates with centrally located
early-stage lung cancer for photodynamic therapy (PDT)
with curative intent. We performed EBUS before PDT in 18
biopsy-proven squamous cell carcinomas (including three
carcinomas in situ) that had been considered to be appro-
priate candidates for PDT by conventional bronchoscopy
and high-resolution computed tomography (HR-CT). We
decided that when the tumor remained inside the cartilage,
PDT should be applied and when the tumor extended
beyond the cartilage, a surgical procedure should be used.
Nine lesions were diagnosed by EBUS as intracartilaginous
and subsequently PDT was performed. Long-term com-
plete remission was achieved in these patients with a
median follow-up term of 32 months after PDT. This result
is much better than that of other reports without a diagno-
sis by EBUS based on the depth of tumor invasion [3-5].
The remaining nine lesions were diagnosed by EBUS as
extracartilaginous and were considered candidates for
other therapies such as surgical resection, chemotherapy,
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and radiotherapy, although two were invisible by HR-CT,
three were superficial, and five were <1 cm in diameter on
observation by bronchoscopy (table 1; fig. 1). The depth of
tumor invasion estimated by EBUS was proven to be accu-
rate by histopathologic findings in six specimens after sur-
gical resection. Whether PDT will achieve complete
remission in a patient greatly depends upon accurate
patient selection based on the exact assessment of the
dimensions of a tumor. The depth of tumor invasion is an
important factor for the success of PDT as well as tumor
location, size, and lack of nodal involvement. Tumors with
extracartilaginous invasion have been reported to have
intrapulmonary lymph node and hilar lymph node metas-
tases in 6.4% of cases [6]. On the other hand, if there is no
extracartilaginous invasion, there is little likelihood of
metastasis [6]. This indicates that it is important to treat
tumors by PDT with curative intent only if they remain
intracartilaginous, that is limited within the mucosa and
submucosa. It is difficult to detect early-stage superficial
cancers by conventional white light bronchoscopy because
these lesions are only a few mucosal layers thick and a few
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Fig. 1. A case of squamous cell carcinoma
at the orifice of the right B6. a The broncho-
scopic view shows a reddish superficial
tumor at the orifice of B6 (arrow) of 0.5-1.0
c¢m in diameter. b HR-CT shows an obscure
lesion at the site. Because there was little
contrast between it and surrounding medi-
astinal connective tissue, we diagnosed it as
invisible. ¢ EBUS can delineate the tumor
(arrow) and shows that the cartilage layer is
involved and interrupted around the tumor.
Therefore, the tumor was diagnosed as
extracartilaginous.

millimeters in surface diameter. Autofluorescence bron-
choscopy has been used for detecting and localizing early-
stage lung cancer and for categorizing the extent of
endobronchial spread of lung cancer. However, the view by
autofluorescence bronchoscopy is limited to the lumen and
the internal surface of the airways [7]. HR-CT has been
reported to provide more accurate information about
tumor extension than conventional CT scan in patients
with early-stage lung cancer who were referred for bron-
choscopic treatment [8, 9]. Strictly intraluminal tumors on
HR-CT could be achieved with a high rate of complete
response after bronchoscopic treatment [8-10]. Therefore,
HR-CT might help to estimate the depth of tumor invasion
in patients with early-stage lung cancer. However, in this
study, EBUS offered more accurate information regarding
the depth of tumor invasion than bronchoscopy or HR-CT.
For the decision on whether to use PDT, it is necessary to
assess the depth of tumor invasion. To date, the most
promising way to estimate this depth might be EBUS since
other diagnostic imaging techniques do not show it.

Tumor Ablation

In the case of airway stenosis, we frequently perform air-
way dilatation with Nd-YAG laser or argon plasma coagu-
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lation (APC). In such cases, with the help of EBUS we can
establish to what extent the ablation should be performed.
After detecting bronchial cartilage by EBUS, tumor abla-
tion could be stopped inside the cartilage to avoid injury to
the cartilage. Furthermore, EBUS gives us the opportunity
to see the peribronchial blood vessels, so that we can avoid
damaging them and causing serious complications.
Without EBUS guidance, this procedure might cause fistu-
las and severe bleeding [11, 12]. We experienced several
cases of malignant airway stenosis which required airway
dilatation by APC ablation. During these procedures, we
repeatedly observed airway tumor and peribronchial blood
vessels by EBUS and avoided fistula formation and injury
of blood vessels. Thereafter, we successfully placed the
stent.

Becker and Herth [12] reported a case of complete
obstruction of the left main bronchus by exophytic
bronchial carcinoma. In this case, they were able to differ-
entiate between the basis and the surface of the tumor, and
they could assess the depth of invasion into the bronchial
wall and into the mediastinum. By passing the stenosis,
they could assess the patency of the distal airways. This
information was of importance for endoluminal disobliter-
ation, especially if they could prove simultaneously that the
pulmonary artery was not occluded. When occluding a
central airway, perfusion of one lung may be completely
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shut down due to the Euler-Liljestrand reflex. In this case,
the perfusion scan is unable to prove organic occlusion of
pulmonary artery, and usually pulmonary angiography has
to be performed, because bronchial recanalization in cases
of complete occlusion of the pulmnonary artery would only
increase dead space ventilation. In some patients, on the
other hand, they could demonstrate direct invasion of the
pulmonary artery or complete occlusion which could be
confirmed by angiography or postoperative pathological
examination.

Stent Placement

If the usual size bronchoscope (6 mm) cannot be inserted
into the peripheral side of the airway stenosis and broncho-
scopic observation is impossible, in many cases an EBUS
probe can be inserted to make observation by EBUS possi-
ble. According to EBUS findings, we can assess whether the
peripheral bronchus is patent or not [12]. This is especially
important for stent placement.

Using EBUS, we are able to measure the length and
degree of the stenosis. Thus, EBUS can provide useful infor-
mation for helping to decide on the size of the stent. The
size of stent is also estimated by information from three-
dimensional (3D)-CT. However, using EBUS, the size of the
airway can be measured in real time during the broncho-
scopic procedure. When the EBUS probe is retrieved from
the distal side of the stenosis to the proximal side with the
balloon inflated, the shape of the balloon changes according
to the degree of stenosis. Therefore, we can assess the diam-
eter of the airway by measuring the balloon size (fig. 2).
Then according to the measurement of the size of the air-
way, we can decide on the size of the stent. This method is
useful for malignant stenosis after laser ablation and bal-
loon dilatation; the size of the airway changes from the
measurement by CT taken before the interventional proce-
dure. Especially in long and complicated stenosis, measure-
ment with EBUS is helpful.

For cases of tracheobronchomalacia, stent size should be
selected after assessment with EBUS. By inflating the bal-
loon of the sheath applied to the EBUS probe, the collapsed
airway could be dilated. Thereafter, by measuring the size of
the balloon on the EBUS image, it is possible to establish the
suitable size of the stent.

It is an advantage that EBUS describes the delicate layer
structure of the airway, so that the airway cartilage can also
be clearly observed [1, 12-14]. For the cases of tracheo-
bronchial tuberculosis, it is important to judge whether the
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Fig. 2. A case of tracheal stenosis due to malignant lymphoma. The
size of the normal portion of the trachea is measured by EBUS (indi-
cated by two arrows). In this way the size of the stent is evaluated.

cartilage remains intact or damaged. When the cartilage
remains intact, it is possible to remove the stent. But when
the cartilage is destroyed, the stent is necessary. In such
cases, if the stent is removed, the airway may collapse [15].

Airway Problems Caused by Malignant Diseases and
EBUS

This topic is discussed in chapter 23, pp. 202- 207.

Airway Problems Caused by Benign Diseases and EBUS
Tracheobronchial Tuberculosis

Tuberculous tracheobronchial stenosis is a serious clinical
problem because it can cause obstructive pneumonia and
dyspnea on exertion. Surgical resection and bronchoplastic
reconstruction have long been the standard treatment.
More recently, a variety of interventional bronchoscopic
techniques have been developed, including stent placement,
laser photoresection, APC, balloon dilatation, and
cryotherapy. The development and refinement of various
airway stents and increased experience have broadened the
indications for these procedures. However, indications of
stents for tuberculous tracheobronchial stenosis are diffi-
cult to establish as it is a benign disease. When tracheo-
bronchial tuberculosis is observed with EBUS, in some
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Fig. 3. A case of tracheobronchial tubercu-
losis. a Rigid bronchoscopy revealed a
dynamic collapse of the trachea. b
Bronchoscopic examination after placement
of the Dumon Y stent shows restored
patency of the trachea. c Before stenting, on
visualizing the layers of the tracheal wall by
EBUS, the normal horseshoe-shaped carti-
lage could not be seen over a distance of 4
cm from the carina to the main bronchus.
EBUS imaging shows the interruption of the
tracheal cartilage. LN = Lymph node.

cases mucosa is thick circumferentially. This means the
mucosa of the cartilaginous part as well as the membranous
part is thick, and the cartilage looks interrupted. We
reported 12 cases of tracheobronchial tuberculosis. We per-
formed EBUS in 4 of these cases, in 2 of which we observed
an interruption of the cartilage (fig. 3, 4). All cases had
severe airway stenosis and tracheobronchomalacia. A
Dumon stent was placed in all cases. There were another 2
cases with mucosal thickness, but the cartilage was intact.
In 1 of these 2 cases, a Dumon stent was placed. However, it
was retrieved 2 months later due to granulation. After the
retrieval of the Dumon stent, the airway remained patent,
meaning that the cartilage is intact and the airway would
not collapse but would remain patent (fig. 5). Therefore, the
use of EBUS for the investigation of cartilage makes it pos-
sible to assess whether a stent is permanently necessary or
whether it can be removed. After the report, we experi-
enced many cases. Now we evaluate the cartilage with EBUS
and when it looks intact, we perform only balloon dilata-
tion (fig. 6). When we observe an interruption of cartilage,
we place a stent (fig. 7). We find that the study of cartilage
with EBUS is mandatory to evaluate whether a stent is nec-
essary or not.

EBUS for Difficult Airway Problems

Wegener’s Granulomatosis

Wegener’s granulomatosis is a disease of unknown etiology
characterized by necrotizing granulomatous vasculitis.
While it is recognized that the disease can involve any organ
in the body, the lungs are usually affected [16]. Up to 60% of
patients with Wegener’s granulomatosis in whom bron-
choscopy was performed may have endobronchial abnor-
malities of the central airways [17, 18]. We performed
EBUS in 2 patients. Bronchoscopy in the first case revealed
diffuse, circumferential, irregular edema and erosion of the
tracheobronchial tree (fig. 8a). EBUS showed circumferen-
tial thickening of the bronchial wall due to submucosal
edema. The cartilage layer was intact (fig. 9a, b). The bron-
choscopy of the second case revealed annual scarring with
stricture of the right main bronchus (fig. 8c). EBUS showed
circumferential thickening of the submucosa with intact
bronchial cartilage (fig. 9¢, d). In both cases, thickening of
the tracheobronchial wall included the posterior portion as
inflammation took place within the submucosa.

Wegener’s granulomatosis along with tracheobronchial
tuberculosis, relapsing polychondritis (RP), amyloidosis,
and inflammatory bowel disease-related tracheobronchitis
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Fig. 4. A case of tracheal tuberculosis. a
Bronchoscopic examination shows a slit-like
tracheal stenosis. b To prevent suffocation,
we placed a Dumon Y stent. Bronchoscopic
examination shows a reestablishment of
patency after stenting. ¢ EBUS imaging
shows an interruption of the cartilage of the
trachea and a thickening of the tracheal wall.

Fig. 5. A case of bronchial
tuberculosis with three episodes
of obstructive pneumonia. a
Bronchoscopy revealed a central
pin hole stenosis of the left main
bronchus. b  Bronchoscopic
examination after the place-
ment of a Dumon stent shows
correct positioning of the stent.
c One year later, we removed the
stent, and the patient remained
asymptomatic. Bronchoscopic
examination after removal of
the stent shows restored
patency of the left main
bronchus. d EBUS imaging
shows the thickening of the
bronchial wall and intact
bronchial cartilage.
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Fig. 6. A case of bronchial tuberculosis. EBUS image of the left main
bronchus reveals the stenosis. The mucosa is circumferentially thick
(black arrow). However, the cartilage remains intact with a horse-
shoe-shaped appearance (white arrows). Therefore we only per-
formed balloon dilatation and did not place a stent. LMB = Left main
bronchus; Eso = esophagus

can cause diffuse inflammatory changes within the central
airways. Diagnosis of these diseases can be suggested by
noting the portion of the airway wall that is affected. In RP,
for instance, thickening of the tracheobronchial wall is lim-
ited to the cartilaginous portion (anterior and lateral walls)
while the posterior membranous portion is usually spared
because the inflammation occurs mainly within cartilage.
In contrast, in Wegener’s granulomatosis, EBUS shows cir-
cumferential thickening of the tracheobronchial wall
including the posterior portion as inflammation occurred
within the submucosa.

To assess the condition of the tracheobronchial carti-
lage and submucosa the use of CT, MRI and EBUS might
be considered. Of these, only EBUS shows the tracheo-
bronchial wall as a layered structure, clearly indicating
that the second layer is the submucosal layer, and the third
and fourth layers are the tracheobronchial cartilage [1].
We consider EBUS to be the best method to assess thick-
ness or other abnormalities of the submucosal layer and
cartilage.

In the management of severe tracheobronchial stenosis
related to Wegener’s granulomatosis, debulking with the tip
of a rigid bronchoscope, Nd-YAG laser application, and
stent placement have been employed; however, silicone stent

EBUS for Difficult Airway Problems

Fig. 7. A case of bronchial tuberculosis. The EBUS image of the left
main bronchus shows the cobblestone-like degeneration of the car-
tilage (white arrow). The submucosa is circumferentially thick, includ-
ing a membranous portion as well as a cartilaginous portion (black
arrow). LMB = Left main bronchus; Eso = esophagus.

placement seems to provide the best results [17]. Mitomycin
C is a potent fibroblast inhibitor, and since it prevents gran-
ulation response when applied topically, it is considered
useful for granulation management in inflammatory tra-
cheobronchial stenosis and may be preferred over airway
stents which always carry the risk of complications.

Relapsing Polychondritis

RP is a rare disease of unknown etiology. Cartilage such as
ears, nose and respiratory tract is systematically affected.
Recurrent chondritis, especially in tracheobronchial carti-
lage, leads to respiratory failure. RP with tracheobronchial
involvement has a poor prognosis, and a delay in diagnosis
increases morbidity and mortality; however, it is difficult to
make a diagnosis. The diagnosis of RP usually depends on a
constellation of clinical and histological features caused by
chondritis [19-21]. According to McAdams et al. [19], if
patients have at least three of the following six signs the
diagnosis is conclusive: bilateral auricular chondritis,
nonerosive inflammatory polyarthritis, nasal chondritis,
ocular inflammation, laryngotracheobronchial chondritis,
and audiovestibular damage. The modified criteria were
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Fig. 8. Two cases of Wegener’s
granulomatousis. a Broncho-
scopic view of the left main
bronchus of the first case before
treatment shows erosive and
edematous. b After treatment
with prednisolone and cyclo-
phosphamide, the first case is
almost normal. ¢, d Broncho-
scopic intervention in the sec-
ond case. Although the right
main bronchus shows a pin hole
stenosis on admission, it opens
successfully after balloon dilata-
tion and application of mito-
mycin C.

proposed by Damiani and Levine [20]: one or more of the
criteria of McAdams et al. [19] with histologic confirmation
or chondritis at least in two distinct locations with thera-
peutic response.

We would like to briefly outline two cases of RP. The
first case is a 72-year-old man. Chest X-ray and 3D-CT
revealed stenosis especially of the right intermediate
bronchus (fig. 10). We can see on the MRI that T, shows
airway cartilage much more clearly than T,. The cartilage
seems to have thickened (fig. 11). On CT, the cartilaginous
portion of the airway wall is very thick, but the membra-
nous part looks intact. Endoscopy shows that the airway
becomes narrow during expiration. EBUS reveals that the
right intermediate bronchus is extremely narrow, and com-
pared to normal, the wall, especially the low echoic portion
of the cartilage, is very thick. There is thickening of the tra-
cheobronchial cartilage as well as submucosal layer. Its sur-
face is irregular. Some high echoic parts can also be seen.
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The membranous portion is intact (fig. 12, online suppl.
video 1). This EBUS finding of the thickening of the carti-
lage layer in the trachea was confirmed by histopathology
(fig. 13).

The second case is a 37-year-old man. CT reveals that
the cartilaginous portions of the central airway look thick-
ened (fig. 14). EBUS also reveals thickening of the airway
wall. In the trachea, the hypoechoic cartilage layer is very
thick, including some high echoic parts. The membranous
portion is intact (fig. 15). The histopathology also shows
thickening of the cartilage, indicating degeneration and
regeneration (fig. 16).

Therefore, we believe that thickening of the tracheo-
bronchial wall, including submucosal layer and cartilage
layer, is characteristic of EBUS of RP. The thickening of the
tracheobronchial wall is limited to the cartilaginous portion
(anterior and lateral walls) while the posterior membranous
portion is usually spared because the inflammation occurs
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Fig. 9. a EBUS image of the first case. b
Detail of a. EBUS from the left main
bronchus shows concentric thickening of
the bronchial wall including the posterior
portion due to submucosal edema, and the
cartilage layer is intact. ¢ EBUS image of the
second case. d Detail of c. The right main
bronchus shows circumferential thickening
of submucosa with the bronchial cartilage
intact. PA = Pulmonary artery; Ao = aorta;
Eso = esophagus.

Fig. 10. The first case of RP. a Chest X-ray
shows the stenosis of the trachea. b 3D-CT
shows marked stenosis of the central air-
ways, especially of the intermediate
bronchus.

EBUS for Difficult Airway Problems
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Fig. 11. MRI of the first case. On T,, the carti-
lage appears much clearer than on T,.
Furthermore, the cartilage appears to be
thickened.

Fig. 12. EBUS of the first case. The right inter-
mediate bronchus and the left main bronchus
are extremely stenotic. Compared to the rela-
tively normal right basal bronchus, the carti-
lage of the intermediate bronchus and the left
main bronchus is very thick and its
echogenicity is irregularly increased. Its sur-
face is irregular (arrows). The submucosal
layer is also thick.
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Fig. 13. EBUS (a) and histopathology (b, HE
stain) of the trachea of the first case. EBUS
shows that the tracheal cartilage is thick and
has an irregular surface. Some high echoic
parts are seen in the cartilaginous part. The
histopathology reveals inflammation of the
cartilage. Around the inflammation, regen-
erated cartilage can be seen and as a result,
the cartilage becomes thick.

Fig. 14. CT of the second case reveals that
the cartilaginous portions of the central air-
way look thickened; on the other hand, the
membranous portions seem to be normal.

EBUS for Difficult Airway Problems

1 Bronchial artery

Trachea

EBUS
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Lt. Main bronchus Rt. Intermediate trunk

Fig. 15. EBUS of the second case. The left main bronchus and inter-
mediate bronchus are narrow. The hypoechoic cartilage layers are
thick (arrows). In the trachea, some high echoic parts are seen in the
cartilage layer.

mainly within the cartilage. This is the difference between
RP and Wegener’s granulomatosis which shows circumfer-
ential thickening including the membranous portion.

In addition, if degeneration of the cartilage progresses
due to repeated inflammation, EBUS shows destruction of
the cartilage. The hyperechoic third and fifth layers of the
bronchial wall become obscure. When degeneration pro-
gresses further, cartilage is completely destroyed, with the
result that it is impossible to see the hypoechoic cartilage
layer on EBUS.

At present, histological confirmation is necessary for the
diagnosis of RP. However, taking a biopsy of tracheo-
bronchial cartilage is an invasive procedure. Therefore, we
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Trachea

Fig. 16. The histopathology (HE stain) of the second case also shows
infiltration of the inflammatory cells and thickening of cartilage, indi-
cating degeneration and regeneration.

hope that in future, EBUS findings will be included among
the diagnostic criteria. In addition, EBUS findings may pro-
vide useful information for the decision on treatment.
When degeneration of the cartilage is not so severe, we do
not recommend placing a stent. We suggest trying to reduce
inflammation by administering steroids. In order to avoid
suffocation, tracheotomy may be performed and noninva-
sive positive pressure ventilation may be introduced. When
the inflammation extends toward the main bronchi and
more peripheral bronchi, and degeneration of the cartilage
appears to be severe, stent placement should be considered
in order to avoid suffocation.
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Abstract
Radial endobronchial ultrasound (EBUS) improves the sonographic
diagnostics of the mediastinum and the staging in patients with lung
and non-lung cancer. The use of EBUS allows visualization of the tra-
cheobronchial wall and the immediate surrounding structures in a
high resolution. Since it can determine the true thickness and extent
of a tumor, this technique already influences the endoscopic treat-
ment of pulmonary malignancies in early and advanced cancers in
many centers. Especially in cases with early stage lung cancer EBUS
should be considered state of the art and be used as a selection cri-
terion for photodynamic therapy or other local treatments in future.
EBUS has increased the yield of flexible bronchoscopy in the diagno-
sis of solitary pulmonary nodules. The use of this guidance technique
in combination with a guide sheath as an extended working channel
may provide a means for therapeutic interventions. The ultimate
goal of minimally invasive treatment of peripheral lung lesions in
inoperable patients now appears feasible.

Copyright © 2009 S. Karger AG, Basel

Endobronchial ultrasound (EBUS) has become a major
advance in bronchoscopy. Substantial scientific evidence
has confirmed its usefulness in diagnosis and staging of
lung cancer as well as in treatment of pulmonary malignan-
cies. It is of increasing importance that endoscopists can
perform and interpret this imaging method accurately in
order to optimize diagnosis and therapy of their patients [1].

Primary or secondary tumors of the lung often involve
the central airways. Dyspnea in patients with malignant
disease of the lung occurs in 75% of the patients during the
last 6 weeks of their life and one third of the patients with
lung cancer will suffer from central airway stenosis [2].
There are now numerous procedures available to treat these
tumors of the lung endoscopically. Laser, argon plasma
coagulation, electrocautery, cryotherapy, brachytherapy

(high-dose rate) and photodynamic therapy (PDT) as well
as stenting are different techniques to be used by the inter-
ventional bronchoscopist with a palliative intent.

In early lung cancer the endoscopic approaches provide
potential cure. All endoscopic treatments have a limited
depth of penetration, but in cases with intraepithelial stage
disease the results can match those of surgical resection [3].

Therefore, it is important to determine the extent of the
disease prior to treatment, as this will directly impact disease
management and prognosis. In both, advanced and early
lung cancer, it is necessary to expand the view of the endo-
scopist beyond the confinement of the mucosal wall [4].

One of the challenges in early diagnosis of lung cancer
remains the difficulty in reaching single pulmonary nod-
ules. EBUS has increased the yield of flexible bronchoscopy
in the diagnosis of these small peripheral lung lesions [5-7].
It may potentially result in minimally invasive endoscopic
procedures in the treatment of these suspicious nodules
under ultrasound guidance.

As commercial ultrasound devices have been available
for a couple of years, this chapter tries to show where expe-
rience with radial EBUS may be a benefit and unique
adjunct to therapeutic bronchoscopy.

Endoscopic Treatment of Central Tumors

EBUS has opened a window of opportunity since it makes it
possible to acquire images and essential information beyond
the lumen and mucosa of the tracheobronchial tree as well
as to assess extraluminal structures — intramural, paratra-
cheal, parabronchial and mediastinal — with increased detail
[1]. EBUS with a standard frequency of 20 MHz permits a



resolution inferior to 1 mm and a depth of penetration of 4
cm. In the EBUS image, the tracheobronchial wall appears as
a layered structure with distinct cartilaginous layers [8].
Disruption of this normal multilayer pattern is often an
indication of tumor infiltration, making it possible to evalu-
ate the depth of tumor invasion.

It is important to establish the extent of tumor expansion
to determine whether cancer has invaded beyond the air-
way adventitia. In contrast to radiologic imaging, EBUS
even makes it possible to analyze very small tumors of a few
millimeters in size. In 1999 Kurimoto et al. [9] accurately
determined the depth of tumor invasion, comparing ultra-
sonographic and histopathologic findings in resected lung
cancer specimens. In 23 of 24 lesions the depth of invasion
was considered the same by the two methods, which is
indicative of the reliability of EBUS in the assessment of
small tracheobronchial lesions. Herth and Becker [10]
demonstrated that the use of EBUS assessment in small aut-
ofluorescence-positive lesions that were negative in white
light bronchoscopy improved specificity (predicting malig-
nancy), which rose from 50 to 90%. Combining EBUS with
autofluorescence has proved efficient in prospective studies
and has become the basis for curative endobronchial treat-
ment of malignancies.

These studies verify the evidence that EBUS is superior
to conventional computed tomography scan of the lung in
evaluating the tracheal and bronchial wall structures and
also of the parabronchial space. It could serve as an ideal
tool for evaluating airway wall anatomy and related tumor
pathology [8-11].

Early Lung Cancer

Precancerous and confined malignant lesions in the respi-
ratory tract are usually accidentally detected in patients
who undergo bronchoscopy for other clinical reasons. Early
lung cancer is defined to be radiologically occult. In these
cases in the early stage it is important to correctly assess
pretherapeutically the absence/presence, depth and extent
of invasion as well as the length of cancer with tracheo-
bronchial invasion [12].

Because tumors confined to the mucosa and submucosa
rarely have lymph node metastases PDT or brachytherapy
may be one of the endoscopic approaches for early-stage
lung cancer at this time. It has been confirmed that both
techniques had curative potential in patients with centrally
located early-stage lung cancer [12, 13]. The worldwide
data showed that patients with early lung cancer treated
with PDT achieve a complete response in approximately
75% of cases, with a recurrence rate of approximately 30%
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[14]. Laser beams cannot penetrate the exterior wall of the
cartilage; for successful endoscopic treatment it is, there-
fore, important that the tumor is confined to the mucosa
and submucosa. Many criteria in selecting the appropriate
candidates for curative intent of high-dose rate therapy and
PDT have been reported. Bronchoscopic diagnosis is
accepted as one of the most important criteria [14], based
on statistical data indicating that lesions less than 1.0 cm
have a high likelihood of achieving a complete remission
after PDT. However, prognostic factors which are probably
more important in determining whether a tumor recurs are
the thickness, degree of submucosal invasion and possible
peribronchial extension.

Miyazu et al. [15] reported the value of EBUS in select-
ing appropriate candidates with centrally located early-
stage lung cancer. In the largest series treatment was
planned in selected patients with biopsy-proven confined
squamous cell carcinomas based on the evaluation of tumor
depth invasion with EBUS.

All patients were considered to be appropriate candi-
dates for PDT by conventional bronchoscopy and high-
resolution computed tomography. Miyazu et al. [15]
performed radial EBUS before PDT and even when lesions
were diagnosed as intracartilaginous by EBUS, PDT was
subsequently performed. The remaining lesions were diag-
nosed as extracartilaginous by EBUS and were considered
candidates for other therapies such as surgical resection,
chemotherapy, and radiotherapy. The depth of tumor inva-
sion estimated by EBUS was proven to be accurate by
histopathologic findings in a couple of specimens after sur-
gical resection. Using the EBUS findings as a decision
maker, long-term complete remission had been achieved in
the endoluminal group. At a mean follow-up of 32 months,
none of the patients had had a recurrence.

Apparently, adding EBUS to the airway assessment in
patients with presumed carcinoma in situ significantly
increases the likelihood of identifying the patients best
treated by endoluminal therapy. The patient selection by
radial EBUS may open a new field for other local treatments
such as argon plasma coagulation or cryotherapy, which
have been proven to be comparably successful treatments
for eradicating early lung cancer [16, 17] (fig. 1).

Advanced Cancer

Following histological diagnosis of lung cancer, staging
becomes the most important task. The exact location of a
central tumor and the invasion of mediastinal organs such
as heart, vessels and esophagus most often exclude surgery.
One third of presumptive curative thoracotomies for non-
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Fig. 1. Typical endoscopic image of a radio-
logically invisible early stage lung cancer
(@), but the corresponding EBUS image (b)
demonstrates an infiltration of the tumor
beyond the adventitia.

small cell lung carcinoma (NSCLC) are unnecessary due to
the discovery of extensive disease despite preoperative stag-
ing procedures [18].

With reference to surgical resection, EBUS can be essen-
tial for the decision on resection margins and can be of con-
siderable help in cases of questionable tracheal involvement
to prove nonresectability or in questionable main bronchi
involvement to guide the extent, feasibility of resection and
type of procedure. EBUS makes possible the exact estima-
tion of submucosal and intramural tumor extent, distin-
guishing between infiltration and compression as well as
the assessment of the involvement of mediastinal structures
[9, 11, 19].

A prospective trial compared tumor characteristics eval-
uated by EBUS and CT scan with surgical pathology in 105
patients [11]. In 81 patients (77%), the CT scan was read as
consistent with tumor invasion. EBUS only showed inva-
sion in 49 cases (47%). Histology status after surgery
revealed a specificity of 100%, a sensitivity of 89%, and an
accuracy of 94% for EBUS. Chest CT was far inferior, with a
specificity of 28%, a sensitivity of 75%, and an accuracy of
51%. These results confirmed that EBUS has the ability to
provide a better staging with subsequent adjustment of
therapeutic options and prognosis.

The first recognition of the potential of EBUS to aid
endoscopic therapy was made with reference to laser treat-
ment and stent placement in tumor stenosis [20]. EBUS
provides a new method to place stents correctly since in
most cases the miniaturized probe can evaluate the
bronchial lumen distal to the stenosis. EBUS can assess the
diameter and length of the stenotic portion more precisely
and can examine specific details of the submucosal thicken-
ing and cartilage destruction by the tumor, making it possi-
ble to choose not only the most suitable stent but also its
correct size and diameter [21-23].
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Table 1. Frequency in which planned therapeutic approaches were
altered or guided by EBUS findings [24]

Indication n (%)
Mechanical tumor destruction 123/346 (36)
Stent placement 121/235(51)
Nd:YAG laser resection 56/148 (38)
Argon plasma coagulation 121/262 (46)
Brachytherapy 69/134 (51)
Foreign body removal 3/22(14)
Abscess drainage 12/27 (42)

Nd:YAG = Neodymium:yttrium aluminium garnet [24].

In a large series the use of EBUS guidance for therapeu-
tic airway procedures was described [24]. In 1,174 cases
EBUS was used: 29% mechanical tumor debridement, 20%
airway stenting, 13% neodymium:yttrium aluminium
gamet laser use, 23% argon plasma coagulation, 11%
brachytherapy, 2% foreign body removal and 2% endo-
scopic abscess drainage. It guided or changed the manage-
ment of patients in 43% of cases. The changes ranged from
altering the sizes of stents to guiding tumor debridement
(table 1).

A complication feared by interventionalists when
using laser debridement in the airways is bleeding from
adjacent vessels or fistula formation. As EBUS allows
exact determination of the tumor, penetration through
the airway wall and vessels is well visualized and
debridement can be stopped when approaching critical
structures. As a result, neither fistula formation nor
fatal bleeding was observed at all in the population of
this study [24].

Eberhardt - Bugalho



THORAXKLINIK HEIDELBERG

FrEmiim

[l

ledles

5]

TU: 0.5¢m

13 |
1L

o
{ W

Fig. 2. a Small peripheral lesion suspicious of lung cancer recurrence after pneumonectomy 3 years earlier. b Typical
screen of an electromagnetic navigation system (superDimension, Herzliya, Israel). The locatable guide is navigated
to the lesion, the distance from the tip to the marked center (navigation error) is 0.5 cm (see also chapter 20, fig. 1). ¢
Confirmation of the position of the extended working channel inside the lesion by EBUS radial probe. d

Brachytherapy catheter with a dummy probe.

Endoscopic Treatment of Peripheral Tumors

In patients with solitary pulmonary nodules who are surgi-
cal candidates and in whom the pretest probability of can-
cer is high, a biopsy is often not necessary [25]. There are
two main reasons to choose an alternative approach for
nonsurgical treatment of such a coin lesion. The first is that
the patient refuses surgery. The second is that the patient is
medically inoperable but a cancer diagnosis has been made
based on tissue analysis. There is an increasing demand to
provide alternatives to the currently invasive surgical ther-
apy of malignant peripheral pulmonary nodules. Because of
comorbidities such as impaired lung capacities or heart dis-

Ultrasound Guidance for Endoscopic Treatment of Pulmonary Malignancies

ease, many patients are unable to tolerate the highly inva-
sive therapeutic procedures.

EBUS has increased the yield of flexible bronchoscopy in
the diagnosis of peripheral lung lesions and single pul-
monary nodules. Several studies have reported the effi-
ciency and safety of this guidance technique [5-7, 26-28].
Overall, in the literature yields for EBUS using a radial
probe with or without a guide sheath have been reported to
be 58.3-80.0% regardless of lesion size when using a sheath.
Eleven to 24% of solitary pulmonary nodules could not be
localized by EBUS, and all experts agree that lesions smaller
than 15 mm are more difficult to reach with the EBUS
system.
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EBUS enables direct visualization of the target lesion.
However, it lacks a navigation system and requires the oper-
ator to navigate the bronchoscope blindly to the lesion with
the knowledge of prior radiological investigations such as
CT scans.

In contrast, electromagnetic navigation-guided bron-
choscopy (ENB) allows for real-time navigation of an
extended working channel through the tracheobronchial
tree to targets in the periphery of the lung [29]. ENB con-
sists of four components: an electromagnetic location
board, a locatable sensor probe with a steering mechanism,
an extended working channel and computer software that
converts CT scans into multiplanar images with three-
dimensional virtual bronchoscopy reconstruction. ENB
lacks a tool to directly visualize the lesion before biopsy or
treatment. Combining EBUS and electromagnetic naviga-
tion improves the yield of flexible bronchoscopy in periph-
eral lung lesions without compromising safety. In a
randomized trial it could be demonstrated that combined
EBUS and ENB overcome each individual technique’s limi-
tation [30]. The diagnostic yield of combined procedures
(88%) was greater than either EBUS (69%) or ENB alone
(59%, p = 0.02). This technology, when fully proven, offers
a minimally invasive treatment, and, moreover, has the
potential to prevent patients from undergoing unnecessary
surgical thoracotomies.

Harms et al. [31] reported on a patient with medically
inoperable lung cancer. The patient was treated with

external-beam radiotherapy (50 Gy) and electromagnetic-
navigated and EBUS-controlled endoluminal brachyther-
apy (370 GBq iridium 192). Following successful
localization of the NSCLC by electromagnetic navigation,
EBUS was performed to confirm the exact position in the
center of the lesion. A brachytherapy catheter was then
placed within the tumor. Primary 3-dimensional planned
brachytherapy was applied as a boost 3 times a week (sin-
gle dose 5 Gy) and provided highly conformal irradiations
of the NSCLC, including the draining bronchovascular
bundle (fig. 2).

In a feasibility and safety trial this new endoluminal
treatment was tolerated without major side effects or com-
plications [32]. Follow-up revealed complete remission in
2 patients and 7 patients achieved partial remission. In
future, electromagnetic-navigated and EBUS-controlled
brachytherapy could even become a potentially curative
treatment for inoperable peripheral lung tumors, prevent-
ing major damage to radiosensitive surrounding struc-
tures.

Radiofrequency ablation (RFA) has been used in combi-
nation with cryotherapy in the treatment of tracheo-
bronchial obstruction [33]. So far there are no reports about
bronchoscopic application of RFA in the treatment of pul-
monary solitary nodules. In future the image guidance of
EBUS may be able to direct a flexible RFA catheter to the
exact site of the lesion.
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Abstract
The use of ultrasound for guidance in procedures involving the
pleural space has become routine and has an excellent safety record.
Once understanding of the pleural anatomy as seen on ultrasonogra-
phy is learned, the techniques for intervention can be easily mastered
by the physician operator. Ultrasound guidance is in many cases
preferable to CT guidance as transport of the critically ill is avoided
and because of the minimal patient discomfort associated with
transthoracic procedures in the bronchoscopy suite. Sonography
does not subject the patient to the radiation effects of CT and comes
at a lower cost. The operator must be familiar with all the possible
complications of these procedures and their treatment. The need to
understand pleural ultrasonography, especially its role in interven-
tions, will continue to grow and become an important part of the pul-
monologist’s armamentarium.

Copyright © 2009 S. Karger AG, Basel

Ultrasonography is an integral part of the management of
pleural disease. While computed tomography of the chest
remains indispensable for overall imaging of the chest in
all cases of malignancy and in some nonmalignant condi-
tions, ultrasonography may subsequently be used to
guide drainage or biopsy procedures. Ultrasound-guided
biopsy can be performed quickly, with low complication
rate, with low cost, and without radiation exposure. The
basic requirements for a safe procedure are a cooperative
patient, availability of equipment and proficiency in chest
ultrasonography. In addition to the cognitive and manual
skills required for diagnostic pleural sonography, the
ability to identify inserted hardware and associated
reverberation artifact is essential for the performance of
procedures beyond simple thoracentesis and biopsy
procedures.

Hardware Issues

The ultrasonographer needs to be familiar with the ultra-
sound machine, resolution and frequency of the transducer
probes, and controls such as gain and depth. By convention,
the transducer is oriented with the marker of the probe
cephalad. The screen marker corresponding to the mark on
the probe is placed at the left upper corner of the screen
thus orienting the left side of the screen image cephalad.
Ultrasound probes have various frequencies with higher
frequency transducers (7.5-10 MHz) having better resolu-
tion but less penetration making them excellent for vascular
examination and detailed examination of the pleural sur-
face and chest wall. Lower frequency probes (3.5-5 MHz)
lose near field resolution but have superior penetration to
evaluate deeper structures. Pleural effusions and other tho-
racic pathology, as well as adjacent abdominal structures,
are better identified with these lower frequency probes and
are useful in guiding interventions. The convex array or
sector scanning transducers are preferred for chest ultra-
sound because it facilitates scanning through the intercostal
spaces [1]. These same transducers used for diagnostic
chest ultrasound can also be used for procedure guidance.

Patient Positioning

Proper patient positioning is essential to visualize the target
lesion as well as to facilitate interventional access. Free-flow-
ing pleural effusions collect in the most dependent part of
the thoracic cavity with the aerated lung taking a nondepen-
dent position. Thus, an effusion will collect in the inferior



and posterior chest in the patient sitting upright, which is
ideal for access. In the critically ill patient, hemodynamic
instability and support devices may interfere with position-
ing, and unless the effusion is very large and laterally distrib-
uted in the chest, the bed may block visualization of pleural
effusions. One option is to place the transducer in the poste-
rior axillary line and then push the bed down while angulat-
ing the probe upwards, but this positioning does not give a
safe approach for thoracentesis. Another option is to bring
the head of the bed, and thus the patient’s thorax, near verti-
cal which allows the pleural effusion to collect inferiorly and
posteriorly. Adducting the ipsilateral arm across the body
elevates the chest wall off the bed. Hemodynamically unsta-
ble patients may not tolerate this position, and an assistant is
needed to monitor the endotracheal tube and help the
patient maintain this position. The patient can also be
turned to a full lateral decubitus position with the target
hemithorax up exposing a suitable field for thoracentesis.
Another option is to slide the patient to the side of the bed
with the target hemithorax exposed, but this positioning
makes operator positioning more cumbersome. Patient
positioning for biopsy of lung or pleural lesions is dictated
by the location of the lesion and must be individualized.
Particular attention must be placed on the ability of the
patient to comfortably maintain position for the duration of
the procedure and the position allowing unencumbered
access while maintaining sterility [2].

Ultrasound-Guided Thoracentesis

Ultrasound-guided thoracentesis is an easily learned and
mastered technique that is especially useful for the pul-
monary and critical care physician. It has a low risk of asso-
ciated pneumothorax, and it can safely be performed in the
patient on mechanical ventilation. In these critically ill
patients, the positive pressure from the ventilator increases
the risk of tension if pneumothorax should develop, and a
supine chest radiograph alone does not help determine a
safe thoracentesis site. Bedside ultrasound guidance may
eliminate the need to transport the critically ill to the inter-
ventional radiology suite for CT-guided procedures, thus
eliminating the attendant transport risk.

Thoracentesis in general carries various risks including
pneumothorax, pain, shortness of breath, cough, and vaso-
vagal reactions. Other less common complications include
reexpansion pulmonary edema, inadvertent liver or splenic
injury, hemothorax, infection, subcutaneous emphysema,
air embolism, and chest wall or subcutaneous hematoma.

Ultrasound-Guided Drainage Procedures and Biopsies

Compared to clinical exam-guided thoracentesis, ultra-
sonographic guidance has been noted to carry a lower rate
of pneumothorax, approximately 5-18 versus 1-5%,
respectively. In nonintubated patients, the risk of pneu-
mothorax from thoracentesis performed by a radiologist
has been reported by Jones et al. [3] to be 2.7%, and in a sur-
gical intensive care unit setting the complication rate was
found to be 2.4% [4]. Pneumothorax after ultrasound-
guided thoracentesis in the spontaneously breathing patient
is almost always caused by removal of a large effusion vol-
ume in the setting of unexpandable lung [5]. Several studies
have looked at the incidence of pneumothoraces in patients
who are not intubated versus those on mechanical ventila-
tion. One study by Gervais et al. [6] reported a 5-fold
increase in pneumothorax in mechanically ventilated
patients, but they had an overall pneumothorax rate of only
2%. Alternately, in a study by Godwin and Sahn [7], the risk
of pneumothorax in patients receiving mechanical ventila-
tion was the same as in patients who were spontaneously
breathing, which has been supported by several other stud-
ies including one by Lichtenstein et al. [8] who reported no
pneumothoraces in 45 patients on mechanical ventilation
[9, 10]. Another study by Mayo et al. [9] of 232 ultrasound-
guided thoracentesis on patients with mechanical ventila-
tion showed a pneumothorax rate of 1.3%. Although no
direct comparison between thoracentesis with versus with-
out ultrasound guidance has been done, Diacon et al. [11]
found that the use of ultrasonography to locate the most
appropriate site for thoracentesis was more accurate than
standard physical examination.

Positioning of the patient, of the operator, and of the
ultrasound machine is important for successful perfor-
mance of ultrasound-guided thoracentesis. The field of
interest must be free of monitoring and support devices.
The operator then must decide on the site, angle, and depth
of needle penetration for safe thoracentesis. A suitable site
is determined by finding a location with a straight path to
the pleural effusion with no lung, bone, vessel, or other
obstacle in the needle path. The site on the skin is marked
and the appropriate position of the mark is again verified by
sonography. After determining the angle of access with the
ultrasound probe, the needle is inserted at a similar angle.
The safe depth of needle penetration depends on the thick-
ness of the chest wall and the depth of the identified
diaphragm or lung. We measure these distances routinely
and record the measurements for documentation purposes.
Transducer compression artifact must be taken into
account. The probe compresses the skin and underlying
soft tissues which rebounds when the probe is removed
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Fig. 1. A J-wire is shown in a large anechoic effusion. We routinely
confirm proper placement of the guidewire prior to dilatation and
device introduction.

making the actual depth to the effusion greater than mea-
sured. This compression artifact is most prominent in the
obese and the edematous patient where the indentation can
be several centimeters. The thickness of the effusion is not
affected due to the rigidity of the chest wall [2]. There is no
formal lower limit for the thickness of the effusion below
which thoracentesis can be performed, but lung or
diaphragm moving into the path of needle insertion pro-
hibit thoracentesis in that location. The patient must main-
tain their position throughout the procedure as any
movement may shift the effusion in relationship to the
planned thoracentesis site [12-14].

Unequivocal positive identification of the diaphragm
and the underlying liver or spleen is required to avoid punc-
ture of those organs. The inexperienced sonographer may
mistake the liver or spleen for an echogenic effusion. The
curvilinear line of Morrison’s pouch which lies between the
liver and kidney must not be falsely identified as the
diaphragm. Occasionally a curvilinear structure may also
be seen between the spleen and the kidney; again, this line
needs to be distinguished from the diaphragm to avoid
inadvertent puncture of the spleen. Consequently, the sono-
grapher must be diligent in delineating the diaphragm and
the underlying spleen or liver.

Performing thoracentesis with real-time needle visualiza-
tion unnecessarily complicates the procedure because sterile
probe covers and additional assistance are required [15].

Once an appropriate site is located, the upper margin of
the rib below that site should be palpated. If the rib cannot
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be palpated because the patient is obese or edematous, the
rib can be identified with a 21-gauge needle. The area
should be infiltrated with local anesthetic as the needle is
advanced through the soft tissue and over the rib. Once
over the rib, intermittent suction should be applied until
pleural fluid is withdrawn. A new needle or a catheter-over-
needle system should then be inserted along the same path
as the smaller gauge needle. While the needle or catheter is
within the pleural space, care should be taken to avoid entry
of air [16]. If lung sliding is documented anteriorly prior to
pleural space interventions and central venous catheter
placement and the continued presence of lung sliding is
confirmed after the procedure, pneumothorax can be
excluded without delay.

Insertion of Chest Drainage Devices

Chest drainage devices include large-bore drains, small-bore
catheters, and long-term indwelling drainage systems (online
suppl. video 1 and 3). These are placed for complicated
pleural effusions due to empyema or complicated paraneu-
monic effusion, for pneumothoraces either spontaneous or
iatrogenic, and for chronic drainage of malignant effusions.

Insertion of a chest drainage device employs the same
principles as performing an ultrasound-guided thoracente-
sis. The best site for insertion of device is determined as
above taking into account the depth and location of effu-
sion as well as avoiding injury to underlying structures. The
difference is that a site for device placement should be more
lateral, if possible, to minimize patient discomfort when
lying supine. We routinely use real-time ultrasonography to
confirm proper position of an inserted guidewire in fluid
collections prior to deploying dilatation devices or catheters
(fig. 1). However, if the pleural space is filled with air, as in
pneumothorax, the device cannot be seen because of the air
artifact. In this instance, the ultrasound is used to locate a
safe location for placement of the device in reference to the
position of the diaphragm. We prefer CT guidance for com-
plex, or loculated, pneumothorax.

General Considerations for Biopsy Procedures

Ultrasound-guided needle biopsy is suitable for peripheral
lung lesions, anterior mediastinal masses, and pleural
lesions. In some ways it is preferable to CT-guided proce-
dures because the patient does not have to remain in posi-
tion for extended amounts of time, and there is no radiation
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exposure. Critical to the success of performing the biopsy,
the operator must be proficient in chest ultrasonography
and be able to correlate CT images to ultrasound findings.
The same transducers used for diagnostic ultrasonography
can be used for biopsy: convex array or sector scanning
transducers with a frequency of 2-5 MHz which allows
scanning through intercostal spaces. The lesions are better
first localized and characterized by CT scan which gives a
more accurate determination of the extent of pathology.
Once the target is identified, it must be imaged by ultra-
sound. The presence of an ultrasound window with the
absence of bone or air overlying the target and the absence
of any vital organs along the needle path are necessary for
biopsy. The angle of needle entry and the depth of the lesion
can be determined.

Once the needle has been inserted, the location can be
confirmed using real-time ultrasound by keeping the nee-
dle path parallel to the scanning plane and moving the
transducer until the needle is visualized. Transducers with
built-in needle guides require less skill because the needle
remains in the scanning plane [12-14, 17]. However, rou-
tine use of real-time visualization during biopsy of superfi-
cial lung lesions or pleural lesions is not needed.

For fine needle aspiration, an 18- or 20-gauge needle is
used. Microscopy slides and preservation media should be
immediately available. Local anesthetic is given. Once the
lesion is entered, suction is applied and to and fro move-
ments in a fan-like pattern are performed. Suction is
released before withdrawal of the needle, so as not to conta-
minate the specimen. The specimen is immediately trans-
ferred to microscopy slides and air-dried and/or fixed in
alcohol.

Core biopsies of pleural or lung lesions can be per-
formed using standard coaxial cutting needle technique.
Commercially available kits usually contain an introducer
needle with stylet and a spring-loaded cutting needle with
or without adjustable throw. (fig. 2). We use needle sizes of
16, 18 and 20 gauge with the largest used for pleural
biopsy.

After local anesthetic has been injected and the intro-
ducer assembly advanced into the rib interspace, the patient
should hold their breath as the assembly is advanced into
the target lesion. Resistance can be encountered when
entering the lesion. Whenever the introducer needle is
opened to the atmosphere, the patient is again asked to hold
breath. The stylet is removed, and the cutting needle is
inserted, with throw adjusted to the desired depth if applic-
able. The cutting needle should be oriented with the cutting
aspect directed caudally to avoid laceration of intercostal
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vessels and nerves. The needle should be immediately dis-
charged after insertion. Core biopsies give a larger amount
of tissue which allows for histologic diagnosis in most
patients [18-20]. We routinely roll the tissue cylinder on a
microscopy slide prior to transfer into fixative. The slides
may be air dried and assessed for adequacy by on-site
cytopathology.

Absolute contraindications for biopsy are an uncooper-
ative patient, a patient who cannot be maintained in the
optimal position for biopsy, and intractable coughing.
Mechanical ventilation and severe pulmonary hyper-
tension are relative contraindications. Other relative
contraindications are severe coagulopathies, thrombo-
cytopenia with platelet count <50 X 10°, and uremic
platelet dysfunction. Most of these abnormalities can be
corrected prior to the procedure. The operator must be
prepared for complications of biopsy of lung lesions which
are similar to the risks of transbronchial biopsy. The most
common complication is pneumothorax with an occur-
rence rate of about 3%. Since this problem is typically
associated with pleuritic chest pain, routine chest radiog-
raphy after biopsy in an asymptomatic patient may not be
necessary. When pneumothorax does occur, the ultra-
sound image is lost, and the procedure has to be aborted.
This need to stop mid-procedure is a disadvantage of
using ultrasonography [21, 22]. Underlying lung disease
or having only a single lung increases the risk for compli-
cations of pneumothorax and immediate treatment may
be necessary if it occurs [23-27].

Hemoptysis may occur in 10% of cases when a core
biopsy is done but is typically of little consequence.
Massive hemoptysis can occur and is associated with mor-
tality. Management of massive hemoptysis is similar to
hemoptysis from transbronchial biopsy: tamponade with
the bronchocoscope, balloon tamponade, and selective
intubation of the contralateral side [26]. Other complica-
tions may occur due to coughing such as tearing of the
pleura and air embolism, which can also occur without
coughing. The risk of air embolism may be lower with
ultrasound-guided than with CT-guided biopsy because
lesions accessible to ultrasound guidance are typically in
the lung periphery. Occluding the introducer cannula
between passes of the needle and when excessive bleeding
is encountered may reduce the risk of this complication.
In the event of air embolism, the patient should be placed
in the left lateral decubitus position and given 100% oxy-
gen. Hyperbaric treatment should be considered. Other
risks include inadvertent puncture of other vital organs
[28].
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Wideo

Fig. 2. Coaxial transthoracic needle biopsy
of a peripheral lung mass. a After review of
the CT scan, the lesion is localized with
ultrasonography. b A sterile field is created
and the localization is confirmed with ultra-
sonography using a sterile sheath over the
transducer. ¢ Local anesthetic is injected
while the needle is advanced over the top of
the rib and the lesion is entered. d The intro-
ducer assembly is advanced into the lesion
with the stopper adjusted to match the
depth required to enter the lesion with the
local anesthesia needle. e After removal of
the stylet, the charged cutting needle is
advanced and locked onto the introducer. f
The cutting needle is discharged immedi-
ately after locking. The cutting side of the
needle is oriented caudally and the patient
is breath holding. g The cutting needle is
withdrawn and the introducer immediately
occluded with the stylet. h The tissue core is
shown in the exposed biopsy channel.

Biopsy of Lung Lesions

Any lesion that can be visualized by ultrasonography can be a
target for biopsy, and the indications for biopsy are the same
as for CT-guided biopsy (online suppl. video 2). The benefit of
ultrasound over CT is that it can differentiate between solid
and liquid making it preferential in lesions with necrotic cen-
ters [29]. Air-filled lesions, though, need to be considered
individually. Chronic cavitating or bronchiectatic lesions have
a higher risk of bleeding because they are frequently highly
vascularized. Of note, the sonographic examination itself can
provide staging information by demonstrating presence or
absence of movement of the lesion relative to the parietal
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pleura. If higher frequency transducers are available, interrup-
tion of the pleural reflection, invasion of the ribs or chest wall
can be visualized. All these findings are strongly associated
with chest wall involvement [30].

Pleural Biopsy

Ultrasound-guided pleural biopsy may be indicated in cases
where pleural fluid cytology is negative for suspected
metastatic disease of pleura or malignant pleural effusion.
With ultrasonography, an area of abnormal pleura can be
localized which makes yield of this targeted biopsy greater

Wang - Doelken



than random pleural sampling [18, 31]. For malignant
pleural mesothelioma, which cannot be diagnosed with
cytology alone, a tissue sample needs to be obtained and
ultrasound-guided biopsy should be considered as the ini-
tial diagnostic procedure. As the diagnosis of malignant
mesothelioma requires the demonstration of invasiveness,
we use extreme care to include part of the chest wall in the
biopsy. This requires careful withdrawal of the introducer
assembly into the rib interspace. Again, for safety reasons, it
is essential that the cutting apparatus is oriented caudally,
away from the neurovascular bundle. The procedure has a
reported sensitivity of 77% and a specificity of 88%. If no
diagnosis is made, then further evaluation with video-

Anterior Mediastinal Biopsy

In the normal states, the anterior mediastinum is not acces-
sible to ultrasonography because of the overlying aerated
lung and bone. When enlarged, though, mediastinal masses
can displace the adjacent lung providing a target for ultra-
sound-guided biopsy. Core biopsy in these instances is nec-
essary because the common diagnoses in the anterior
mediastinum require histologic diagnosis. Great care must
be employed during biopsy of anterior mediastinal masses
to avoid injury to the mammary arteries. Fine needle aspi-
ration has a lower histologic yield but can be performed if
carcinoma is highly suspected [33-36].

assisted thoracic surgery may be necessary [32].
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