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Foreword

In the past few years, elastosonography has recently been presented in clinical
studies as a new technique applied to ultrasound imaging. This new technique
evaluates noninvasively tissue-specific consistency.

Clinical experiences in elastosonography have been given promising
results in the study of numerous organs. As for Doppler also, elastosonogra-
phy improves the diagnostic capability of ultrasound imaging.

This book, titled Atlas of Elastosonography — clinical applications with
imaging correlations — edited by Clevert, D’Onofrio, and Quaia, presents an
extensive series of images which describe possible applications of elasto-
sonography in the routine clinical practice. After a brief technical introduc-
tion, all applications of elastosonography in the superficial parts and abdomen
are effectively described by representative cases, also with imaging
correlations.

Due to the nowadays applications of elastosonography on most of body
organs, this atlas is divided into nine chapters, starting with the technical and
physical aspect of elastosonography moving to clinical applications in liver
and spleen, pancreas, kidney, breast, musculoskeletal, thyroid, carotid artery,
and testis.

Important editorial news lies on the rich illustrations of this book and
especially on the presence of imaging correlations. In fact, a key concept
presented in this book is that elastosonography is certainly innovative as
Doppler ultrasound but evaluating only the tissue stiffness, this new tech-
nique needs to be supported by other imaging studies because of the overlap
between pathological and normal values of tissue stiffness and the overlap
between benign and malignant characteristics. Therefore, the information
given by elastosonography is absolutely innovative and useful, sometime
essential to reach the definitive diagnosis if correctly integrated with clinical
and imaging findings.

Verona, Italy Roberto Pozzi Mucelli



Preface

Elastography has recently been used in ultrasound clinical studies.
Elastosonography is a new complementary technique applied to ultrasound
imaging. Elastosonography is a powerful technique to assess noninvasively
the elasticity of tissues.

Various tissue compression methods derived from two technical solutions,
known as strain elastosonography and shear wave elastosonography, have
been proposed in elastosonography. Elastosonography can also be based on
the deformation generated by an imparted force on the target organ. This new
technique allows to obtain a qualitative and/or quantitative evaluation of the
stiffness of the lesion, target organ object of the study.

Applications of elastosonography have been proved to be clinical useful in
the study of numerous organs, giving promising and exclusive results.

This atlas describes all the potential applications of elastosonography in
studying the liver, spleen, pancreas, kidney, breast, thyroid, testis, musculo-
skeletal system, and vascular system. Helpful correlations with other imaging
studies, often essential for elastosonography, are presented.

Munich, Germany Dirk-André Clevert
Verona, Italy Mirko D’Onofrio
Trieste, Italy Emilio Quaia
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Introduction



Technical and Physical Aspects

Emilio Quaia and Antonio Giulio Gennari

Physical examination (PE) and medical history
are the fundamental steps of medical approach to
patients and help to define differential diagnosis,
further medical tests, and treatments. PE is com-
posed of four actions: inspection, palpation, per-
cussion, and auscultation. Palpation defines
tissue characteristics, which are closely con-
nected to pathological modifications; however,
palpation is subjective and limited by depth.
Elastography is a relatively new diagnostic tool
which provides diagnostic information on tissue
stiffness, thus overcoming palpation. Since the
first release in 2003, elastography has been
implemented in the standard ultrasonography
equipment [1].

1.1 Mechanical Tissue Properties
and Basic Elastography

Principles

Stiffness is defined on how much a substance
resists to a deformation produced by an external
force. Nowadays there are three different elasto-
graphic techniques available to analyze tissue
stiffness:

E. Quaia (IX)

Clinical Research Imaging Centre, Queen’s Medical
Research Institute, 47 Little France Crescent,
Edinburgh EH16 4TJ, UK

e-mail: equaia@ed.ac.uk

© Springer International Publishing Switzerland 2017

1. Manual compression which exploits the com-
pression applied to the tissue by the sonogra-
pher through the probe or the compression
produced by cardiovascular pulsation or respi-
ratory motion

2. Acoustic radiation force impulse (ARFT)

3. External mechanical vibration [2]

Elastographic images rely on two different
physical approaches: the assessment of the strain
produced in the tissue by external compression
(strain imaging) or the evaluation of the shear
waves’ (SW) speed propagation in the medium
(shear wave imaging). Both methods aim to eval-
uate qualitatively (display contrast) and quantita-
tively (measure) the Young’s modulus (YM).
Despite the YM does not take into account the
system size and the amount of material, it is con-
sidered the physical parameter corresponding to
stiffness [3]. The quantification of YM allows
excellent tissue characterization based on differ-
ent values of YM [4].

In biological tissues two different mechanical
properties act against any type of deformation
(shear): elasticity and viscosity [1, 5]. With the
application of a slow external force on a tissue,
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such as the probe compression (strain imaging),
the effect of viscosity can be disregarded.
Conversely, if a high-frequency vibration is
applied as in SW imaging, the viscous compo-
nent will have a major effect which is propor-
tional to the vibration frequency [1].

1.1.1 Strain Compression Imaging
In strain imaging compression (stress) could the-
oretically be applied in three different ways: on
the whole surface, peripherally on a surface, or
homogeneously on a volume. Each of them is
described by his own modulus: YM, shear modu-
lus, and bulk modulus, respectively. In order to
simplify the comprehension, we will focus our
discussion on the two-dimensional model avoid-
ing a detailed explanation of the bulk modulus.
As previously said a simple shearing force can
be applied to a single portion of an object causing
a deformation without volume modification
(shear stress, SS). Contrary a deformation could
be the result of a compressive force on the whole
surface of the body (YM) [5];

*  YM evaluation model: if an imaginary rectan-
gular shape of a homogeneous material is rig-
idly bound along one face and further
compressed by a parallel plate on the other, its
form will be modified and expanded along the
axis perpendicular to the one of the compres-
sion force, but its volume will be maintained
[6]. Imaging before and after displacement
(to,..-t,) permits to determine the response of
the material to the compression force, and its
intrinsic characteristics, until sufficient relax-
ation has occurred. This theoretical model is
more complex in inhomogeneous materials in
which different stiffness materials are present
within the same medium. In the former model,
the compression may be graphically repre-
sented as a straight line. Conversely in the lat-
ter one, the presence of the inhomogeneity
varies the material characteristics and pro-
duces a local deviation from the linear slope
[6] which depends on the different character-
istics of the other materials.

e SS evaluation model: applying the same
force but on a different direction (perpendic-
ular to the former and on one edge) to the
same imaginary rectangular-shaped model,
the block will again modify its form without
any volume variation. Once again images
will be obtained at different times, previous
and during material modification, and the
presence of inclusions will perturb the graph-
ical representation in the same way as
explained before.

In the purely elastic module described above,
stress and strain are linked through the Hook’s
law. The equation which explains this relation is
o =FE-¢, where o is the stress applied, E the
YM, and e=AL/L the longitudinal strain. The
deformations occurring in human tissues are far
more complex than what explained here, but
these two ideal cases approximate the basis of the
two imaging modalities: SS exemplifies ARFI
imaging, whereas YM describes those produced
by transducer compression.

1.1.2 Shear Wave Imaging

In SW imaging, a time-varying force is applied to
the tissue. This force can be a limited transient
mechanical force or a fixed frequency oscillatory
one [3]. After wave generation two types of plane
waves propagate independently in the material:
SW and pressure waves (PW) [6]. PWs cannot be
used in imaging due to the high wave speed
which is orders of magnitude faster compared to
the SW one [6]. Therefore, SW imaging is based
on the propagation of SWs which propagate in
the tissues perpendicularly to the ordinal pulse
echo longitudinal waves.

SWs are slow transverse waves which attenu-
ate rapidly compared to the diagnostic longitudi-
nal waves and disappear in the MHz ultrasound
band, with a propagation frequency below 1 KHz
in vivo. Their velocity is 1000 times slower (i.e.,
¢;=1-10 m/s) compared to longitudinal waves
(cL=1540 m/s) [1, 5]. Maps of YM are derived
from the SW propagation speed in order to dis-
play material stiffness. Due to the high water
content, biological tissues are considered incom-
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pressible and, as a consequence, the YM is three
times the shear modulus (£ =2[v+1]-G =3G,
where v is the Poisson’s ratio which is equal to
0.5 in incompressible media and G is the shear
modulus) [1, 3]. Another rudiment that a sonog-
rapher must kept in mind is that SW does not
propagate in nonviscous pure fluid [5].

When the free face of the rectangular shape
described above is displaced repetitively, the
behavior of the medium obeys to classic wave
equation [6]. The displacement can occur at low
and high frequencies. At low frequencies the
response of the medium will peak at specific nat-
ural frequencies typical for each material. At high
frequencies the response is different in biological
tissues due to the irregular shape of organs and
imperfect boundaries [6]. Therefore, in high fre-
quencies of displacement imaging techniques, a
multiharmonic excitation model, which will pro-
duce a uniform vibration without null point, is
necessary [6]. The presence of an inhomogeneity
within the medium produces a variation in the
vibration pattern which is easily identifiable
using multifrequency excitations [6].

All these physical theories and models allowed
the development of multiple methods, which
have been integrated in clinical practice:

1. Strain elastography (SE)

2. Transient elastography (TE)

3. ARFI

4. SW speed measurement and imaging

Strain elastography Tissue displacement is pro-
duced by tissue compression with the probe.
Since static compression is subjectively achieved,
only strain (¢) is displayed; as a consequence, this
type of imaging is only qualitative. Alternatively,
pseudo-quantitative methods such as the strain
ratio [7] or the comparison of lesion size to the
size of the stiffer portion have been used [8].

Transient elastography A controlled vibrating
external piston (which acts as a “punch”’) mounted
on a probe with a fixed focal spot is used to either
generate or evaluate the SW which has been pro-
duced. This type of SW quantification is used

essentially by FibroScan™ to evaluate tissue
stiffness.

ARFI A focused acoustic radiation force “push-
ing” pulse is used to deform tissues within a
defined region. The probe works as a generator of
the push and to monitor tissue displacement
sending an imaging pulse prior and after the push
impulse. The evaluation of multiple beam lines
allows the creation of an image, which displays
the intrinsic differences of the tissue.

SW speed measurement and imaging Using
ARFI excitation SW are produced in a prese-
lected point of the organ and then the centrifugal
propagation of SW from the pushing pulse loca-
tion is measured [2]. As previously described for
ARFI, the probe generates the SW but also
images its spread. The application of ARFI at
multiple focal zone configuration, in which each
one is interrogated in rapid succession, leads to a
more complex tissue-SW interaction with a
cylindrically shaped SW extending over a larger
depth and enabling real-time SW imaging [2].
This multiple focal zone approach has been
termed “supersonic shear imaging” (SSI) [9] .

1.1.3 Display Methods

Small lesion detection and also the discrimina-
tion of multiple discrete small lesions are the
major concerns of elastographic imaging.

Strain imaging is now implemented in the
majority of ultrasound equipment; however every
manufacturer has its own method to measure the
displacement, leading to differences in image
characteristics (temporal and spatial resolution)
and measurement conditions. Several methods
are available to image tissue displacement:

1. Spatial correlation method (or speckle track-
ing method) provides images by tracking the
movement of image patterns [1, 2]. If the
strain is extremely slight, patterns move while
maintaining their speckle pattern. Therefore,
setting a region of interest (ROI) and
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calculating the spatial correlation of the ROI
before and after compression, the quantity of
movement is easily calculated [1, 2]. This is
the simplest method to measure the 1 direc-
tion (D) displacement along the beam axis. In
reality, a thorough definition of tissue dis-
placement needs a 2D search, both in the
range and in the azimuthal direction, due to
the movement that each ROI covers in azi-
muthal direction in the cross section [1, 2].
The advantages of the speckle tracking
method are the ability to measure large dis-
placement, even the one that exceeds the
wavelength, and the capability of tracking the
ROI movement in 2D and in 3D. On the other
hand, this technique has drawbacks as the
noise effect susceptibility and the lost of real-
time capability when the calculation of corre-
lation requires enormous computational
power [1, 2]. In addition the accuracy of this
method is limited when the speckle patterns
are not clear.

2. Phase difference detection method uses the
same technique of color Doppler and tissue
Doppler [10]. The phase difference of echo
signals created by transmitting repeated pulse
is received by an autocorrelation method,
which permits the displacement calculation
[1, 2]. An excellent real-time capability and
the relative robustness to noise are the main
advantages of the Doppler methods.
Conversely the disadvantages are the capabil-
ity to measure the only 1D displacement in the
beam direction due to the angle dependence
and moreover the aliasing errors which may
occur measuring a large displacement that
exceeds half the wavelength [1, 2].

3. Combined method combines the phase dif-
ference detection method and the spatial cor-
relation technique [11, 12]. This technique is
nowadays the most common between
vendors.

In strain imaging inclusions will be displayed
as a local region of lower or higher strain (hard
or soft inclusion, respectively). However it is
obvious that any inclusion must be larger than

the resolution scale of the imaging system or it
is not doable to estimate displacements [6]. The
definition of multiple inclusions as separate
small lesions is similarly related to the imaging
system resolution and to any localized effects of
stress concentration [6]. In everyday practice
additional issues complicate practical consider-
ations as noise, decorrelation, and displacement
estimation [13]. To date most vendors propose a
translucent, colored, elastogram image which is
superimposed on a B-mode image [2] . Although
some authors have proposed color scales to
characterize pathological findings [14-16], cur-
rently different equipment exploits different
colors and gray displays. In addition users can
modify the color scale as they prefer [2].

SW propagation, which is directly connected
to tissue elasticity, is determined in SW elas-
tography to derive tissue elasticity [17]. There
are some methods used such as the conven-
tional algorithm time-of-flight (TOF) measure-
ment [18], inversion of the wave equation [19],
and estimation of the phase gradient from prop-
agating SW [20]. TOF typically employs a lin-
ear regression of the wave arrival time versus
position data [1, 2]. Some a priori assumptions
to determine the SW speed are adopted such as
local homogeneity and known direction of
wave propagation, i.e., the arrival time of the
wave at the adjacent positions [1, 2]. Anyhow, a
systematic description and explanation of the
other methods is beyond the purpose of this
book. In SW elastography detectability and
resolution are all related to wave equation. In
fact a small elastic inhomogeneity acts as a
source of scattered SW. The degree of this
source strength is directly proportional to its
elastic contrast, times wave number squared,
times the strength of the incident shear wave
[6]. Conceptually this overcomes one of the
main drawbacks of strain imaging, the inability
to image inclusion smaller than wavelength.
Even a small inhomogeneity, even one below
the resolution possibilities of the imaging sys-
tem, can be detected as a localized disturbance
[6]. Stimulations and experiments have demon-
strated that, with increasing of frequencies, the
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contrast of lesions increases [21] until other
frequency-dependent effects, such as lossy
behavior, present a practical upper frequency
limitation [22]. However the scattered wave
pattern due to inherent type of blur, which adds
coherently when the two lesions are closely
spaced, limits the possibility of differentiation
[6]. Moreover, there is an inverse correlation
between precision and spatial resolution in SW
estimation methods. The use of large propaga-
tion distances to compute the wave speed pre-
sumes a large homogeneous region. It is
typically associated with higher precision and
accuracy but lower spatial resolution [23].
Conversely, in everyday practice smaller propa-
gation distances are employed to obtain higher
spatial resolution; however, decreasing the dis-
tance over which the SW is calculated increases
the variance of the estimation at each pixel [2].

It is also mandatory to understand which
parameter could be displayed:

e Strain imaging: strain elastography helps the
evaluation of strain or normalized strain,
geometric measures (size and shape of the
altered strain area), strain ratio (defined as the
ratio of the lesion strain versus the normal tis-
sue strain, at the same depth), and E/B size
ratio (represented by the ratio of the size of a
lesion in the strain image to the size in normal
B-mode image). Similarly ARFI imaging
shows displacement or normalized displace-
ment, geometric measures, displacement ratio,
and E/B size ratio.

e SW imaging: SW speed, YM converted from
SW speed when the assumptions of constant
density, homogeneity, isotropy, and incom-
pressibility are fulfilled [2].

In general, strain images have higher spatial
resolution, while SW images provide higher con-
trast resolution: however, when the assumptions
used to derive the images do not accurately reflect
tissue behaviors, differences between images
from different techniques can be anticipated [2].

1.1.4 Artifacts

Even though a comprehensive and systematic
review of all artifacts of elastographic imaging is
beyond the purpose of this book, a sonographer
should be aware of at least some of them.

In strain imaging stress is not homogeneously
distributed within tissues; moreover the relatively
small surface of the probe produces poor penetra-
tion and homogeneity of stress and strain [5]. A
footprint extended compressor seemed to over-
come those issues [24], but similar results are
guaranteed positioning two fingers, of the free
hand, in front of, and posteriorly to the probe
reaching a deeper and more homogeneous strain
[5]. Furthermore soft tissues adjacent to hard tis-
sues strain more after compression creating
“edge-enhancement” effects [5]. Other sources of
artifacts are out-of-plane structures that modify
in-plane strain and slippery boundaries [25, 26].
The thorough knowledge of artifacts improve
comprehension of images displayed and ease
their understanding.

SW imaging counts both transient elastogra-
phy, ARFI imaging, and SSI. The Quantitative
Imaging Biomarker Alliance of the Radiology
Society of North America (RSNA) performed an
interlaboratory study comparing SW speeds from
four different elastography machines (FibroScan,
Philips, ACUSON S2000, and Aixplorer) in 2013
[27]. The study demonstrated the presence of
variation of SW velocity values using different
machines and at different depths [27]. Moreover,
SW velocities vary according to the patient’s
position, number of measurements, acquisition
depth, and the representative values such as
median or mean values [27-29]. Other studies
demonstrated the effects of transducers on evalu-
ation of SW velocities between different
machines and depths [30]. In conclusion cautious
evaluation and usage of quantitative-derived data
of SW velocities and YM values should be
applied, particularly in comparing values between
vendors, acquisition depths, and usage of differ-
ent transducers.
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1.2  Image Gallery

4
[
I

Fig. 1.1 Exemplification of the pure stress (arrows)
applied on the surface of a rectangular shaped homoge-
neous medium, which deforms it maintaining its volume.
The blue line on the diagram represents the graphic

Fig.1.2 Exemplification
of a shear stress (arrow) s
applied on an edge of the
rectangular shaped
homogeneous medium
deforms it maintaining its
volume

o P e e e e e

s EmEmmm -

correlation, whereas the red line depicts the modification
related to the presence of an inhomogeneity within the
same material

e e

e -l"

Y

Fig. 1.3 An ARFI model in which the probe initially
produces the push pulse (blue oval shaped figure) at a
defined spot. After that the SW generated travel away

from it. The probe is then switched to imaging modality
and the progression of the SW is read at different times
within a predefined area



1 Technical and Physical Aspects 9

Fig. 1.4 The SSI produces different push pulse at various depths producing a cylindrically shaped SW extending
over a larger depth. The high-frequency probe then permits a real-time SW imaging of large areas

Fig.1.5 A translucent, PHILIPS TIS0.2 MIO0.7

colored, elastogram image UCO RADIOLOGIA CATTIN L12-5/Elasto
FR 19Hz
1

is superimposed on a
B-mode image of a nodule
within thyroid gland

ELASTO:
R1

SMed
PAlto
DMed.
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2.1 Liver

2.1.1 Introduction
Liver diseases represent an important health
problem, diffuse worldwide. The diagnosis of
liver fibrosis is crucial in order to make decisions
about treatment, evaluate treatment efficacy and
assess patient prognosis.

At present both invasive and non-invasive
techniques are available for the diagnosis of liver
fibrosis. Liver biopsy is an invasive technique
that has been considered for a long time the gold
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standard to assess liver fibrosis [1], but it has
some intrinsic limitations, mainly related to com-
plications due to its invasive approach [2], pos-
sible sampling errors and interobserver variability
[3]. In the last years, ultrasonographic (US) elas-
tography techniques have been developed in
order to replace liver biopsy for the evaluation of
liver fibrosis, and at present they are considered
valid diagnostic and prognostic tools in this field
[4]. Transient elastography (TE), performed with
the Fibroscan® device, is considered the best and
most widely used non-invasive method to assess
liver fibrosis, even though also shear-wave elas-
tography (SWE) using acoustic radiation force
impulse (ARFI) with point SWE (pSWE) (Virtual
Touch Quantification (VTQ, Siemens Healthcare,
Mountain View, Calif) and ElastPQ (Philips
Healthcare, Bothell, Wash)), two-dimensional
SWE (2D-SWE) (SuperSonic Imagine (Aix-en-
Provence, France), Siemens Healthcare
(Mountain View, Calif), Toshiba Medical
Systems (Tochigi Otawara, Japan) and GE
(Waukesha, Wis)) and three-dimensional SWE
(3D-SWE) have recently shown promising
results. US elastography is largely in use in clini-
cal practice and is applied for the diagnosis of
liver fibrosis in a wide range of liver diseases,
such as chronic hepatitis C (also in recurrent
forms after liver transplantation), chronic hepati-
tis B, alcoholic liver disease, non-alcoholic fatty
liver disease (NAFLD), non-alcoholic steatohep-
atitis (NASH) and liver cirrhosis.
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2.1.2 Chronic Hepatitis C

Chronic hepatitis C is a long-course disease charac-
terized by progressive hepatic fibrosis, which very
often leads to cirrhosis, hepatocellular carcinoma
and the need for liver transplantation. Evaluation
of liver fibrosis is of great relevance in the fol-
low-up of affected patients, and hepatic ultra-
sound elastography represents a valid option to
liver biopsy, a more invasive approach. Transient
elastography (TE) was the first ultrasound-based
elastographic technique introduced in 2003 for
the study of hepatic diseases, and it was exten-
sively validated in patients with chronic hepatitis
C [5]. TE has a high diagnostic accuracy for the
detection of early cirrhosis in chronic HCV-
infected patients (mean AUROC of 0.94) [6-8],
and it is useful to stratify these patients for treat-
ment [9]. However, some studies showed that it is
more accurate in the differentiation between
absence or mild fibrosis and significant fibrosis
or cirrhosis rather than distinguish contiguous
stages of fibrosis [4, 6, 7]. TE is also accurate in
the diagnosis of liver fibrosis in patients with
HCV/HIV co-infection [10] and in patients with
recurrence of HCV after liver transplantation
[11]. Other ultrasound elastography techniques
have been developed and tested for the study of
hepatic fibrosis in patients with chronic hepatitis
C, such as pSWE using acoustic radiation force
impulse (ARFI) and 2D-SWE. The accuracy of
ARFI for the diagnosis of liver fibrosis is consid-
ered similar to TE [12], even though it is still
dependent on different shear wave methodolo-
gies and different brand of scanners. Real-time
2D-SWE is considered an accurate method for
the assessment of fibrosis in many liver diseases,
including chronic viral hepatitis. Indeed, it is able
to distinguish not only different stages of liver
fibrosis but also liver fibrosis from cirrhosis and
compensated from decompensated cirrhosis [13],
with an accuracy even better than TE [14-16].

2.1.3 Chronic Hepatitis B

Patients with chronic hepatitis B can be divided
in two groups: patients with inactive state of dis-

ease and those with active hepatitis, who are
more likely to develop liver fibrosis and eventu-
ally cirrhosis. Elastography is a useful and vali-
dated tool developed to evaluate liver fibrosis in
order to differentiate patients with inactive HBV
infection (absence of fibrosis) from those with
active hepatitis (significant fibrosis) [9]. Despite
the elevated accuracy of TE, confounding factors
such as elevated transaminases (particularly ala-
nine transaminase (ALT) levels) may affect liver
stiffness measurements, and therefore they
should always be taken in consideration. For this
reason it has been suggested to adapt cut-off val-
ues of liver stiffness to different levels of ALT
[17] or, as an alternative, to correct measurements
for the ALT levels in probability scores [18].

2.1.4 Non-alcoholic Fatty Liver
Disease (NAFLD)

NAFLD represents the most common liver disor-
der in developed countries [19]. It includes a wide
range of diseases, from steatosis to non-alcoholic
steatohepatitis (NASH) and potentially cirrhosis,
complicated by hepatocellular carcinoma (HCC).
Diagnosis and differentiation of different stages
of fibrosis are therefore crucial in the manage-
ment of patients, in particular to decide treatment,
predict prognosis and evaluate response to treat-
ment [9]. Compared to liver biopsy, TE shows
high sensitivity and specificity in the diagnosis of
liver fibrosis, in particular in the evaluation of
higher stages (>F3) of fibrosis, with a moderate
accuracy for stage F2 or higher [20].

Among other ultrasound elastography tech-
niques, pSWE with ARFI showed promising
results in patients with NAFLD and
NASH. Specifically, it is considered not inferior
to TE, with a significant correlation between
median velocity measured by using ARFI and
severity of liver fibrosis [21].

2.1.5 Alcoholic Liver Disease

The presence of fibrosis, and in particular its pro-
gression to cirrhosis, is an important predictor of
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prognosis in patients with alcoholic liver
disease.
Currently, transient elastography using

Fibroscan® is considered the most reliable non-
invasive test to diagnose advanced liver fibrosis
and cirrhosis in patients with alcoholic liver dis-
ease [22].

It represents an important diagnostic tool to
rule out liver cirrhosis (F4) in these patients, pro-
vided that the pretest probability is about 51 %,
and it may also help in ruling out severe fibrosis
(F3 or worse) [23]. pPSWE with ARFI and SWE
Supersonic Imaging represents valid alternatives
to TE to stage liver fibrosis in alcoholic liver dis-
ease, with comparable accuracy [24]. However,
when there is still doubt on the stage of liver
fibrosis by non-invasive techniques, liver biopsy
remains the alternative option.

2.1.6 Liver Cirrhosis

Liver cirrhosis is a chronic pathologic condition,
representing the end stage of many liver diseases,
and it is frequently the substrate for the develop-
ment of severe complications such as portal
hypertension and hepatocellular carcinoma.
Liver cirrhosis is the result of progressive sub-
verting of liver architecture, with fibrotic deposi-
tion, vascular alterations and regenerative nodule
formation. It is very important to recognize liver
fibrosis in order to monitor the progression of
disease and make early decisions. US elastogra-
phy techniques such as TE and pSWE (ARFI)
represent reliable and non-invasive methods in
the non-invasive assessment of liver stiffness. It
is recommended to obtain ten stiffness measure-
ments in the same location with at least 60 % of
valid shots and an interquartile range (IQR)
<30 % of the median liver stiffness measurement
value [25]. In a recent meta-analysis, Tsochatzis
et al. proposed the following cut-offs to discrimi-
nate between different stages of fibrosis by TE: 6
kPa for F>1, 7.2 kPa for F>2, 9.6 kPa for F>3
and 14.5 kPa for F=4 [26]. Sporea et al. found a
high significant correlation between TE and
2D-SWE measurements, with 2D-SWE cut-offs
ranging from 7.1 kPa (presence of fibrosis) to

11.5 kPa (liver cirrhosis) [16]. According to a
recent meta-analysis by Bota et al., ARFI elas-
tography is considered a valid method to assess
liver fibrosis, with a higher rate of reliable mea-
surements and similar predictive value to TE for
significant fibrosis and cirrhosis [27].

However, TE is the most largely used tech-
nique currently, and in particular its role in the
prediction of portal hypertension (in correlation
with liver stiffness measurements) and develop-
ment of oesophageal varices in patients with liver
cirrhosis has been largely investigated, as long as
in the screening for the risk of hepatocellular car-
cinoma (HCC) [8, 28-30].

2.1.7 Liver Steatosis

Fatty liver represents a condition wherein large
vacuoles of triglycerides accumulate in liver cells
via the process called steatosis. Liver steatosis is
commonly associated to excessive alcohol intake
(alcoholic liver disease) or non-alcoholic causes
(NAFLD) such as obesity and metabolic
syndrome.

TE has been demonstrated to be reliable for
the non-invasive prediction of fibrosis in NAFLD
patients, and, simultaneously with liver stiffness
measurement, it is also possible to assess the
degree of liver steatosis, thanks to a novel con-
trolled attenuation parameter (CAP) developed
for Fibroscan® [31].

2.1.8 Focal Liver Masses and HCC

Liver elastography provides additional informa-
tion for the differential diagnosis of focal liver
masses. Recent studies demonstrate that hepato-
cellular carcinomas (HCCs) generally appear
softer (lower ARFI values) than the surrounding
liver, whereas metastases, cholangiocellular
carcinomas (CCC) and haemangiomas gener-
ally appear harder (higher ARFI values) than
that of the surrounding liver despite some con-
troversies among studies [32, 33]. Because hae-
mangiomas, CCC and metastases were evaluated
in patients without chronic liver disease in most
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studies [34, 35], ARFI values seemed consis-
tently higher than those of a background liver.
In contrast, because HCCs were evaluated in
patients with chronic liver disease and diverse
degrees of background liver fibrosis, the com-
parative results between ARFI values of HCCs
and those of background liver differed among
studies based on the characteristics of each
study cohort [32, 34, 35]. Some researchers
have attempted to suggest a cut-off ARFI value
for distinguishing malignant liver masses from
benign masses, but results are discordant, and
further research is needed to prevent potential
bias due to heterogeneity of the masses and to
confirm the clinically applicable cut-off values
for ARFI elastography [33].

A recent meta-analysis of 17 prospective
cohort studies on 7058 patients with chronic liver
disease (CLD) shows that non-invasive measure-
ment of liver stiffness may be a useful tool in
identifying patients with CLD at risk for progres-
sion to clinical events. In particular, a high liver
stiffness measurement is able to predict future
risk of hepatic decompensation, overall mortality
and HCC in a dose-dependent manner: each unit
of liver stiffness measurement is associated with
an incremental 11 % increased risk of HCC [36].
In CLD patients, the diagnosis of less than 2 cm
in diameter tumour may be more difficult with
contrast imaging techniques due to the risk of
false negative. Fifty-six to 64% of cirrhotic
patients with small nodules are hypovascular, and
in these small nodules, 2D real-time elastography
(RTE) with Supersonic Imaging may be a better
alternative to contrast-enhanced US (CEUS) and
can eliminate the need for liver biopsy, which
cannot be done due to contraindications and
which is also prone to sample errors and false-
negative results [37]. Another study demonstrated
that also in HBV patients receiving antiviral ther-
apy, the prognostic value of TE may be better
than that of histological information in assessing
the risk of HCC development [38]. Therefore,
liver stiffness measurement may evolve from its
role as a diagnostic test to a surveillance proce-
dure that actively helps in the management of
patients at the highest need for vigilance, but fur-
ther high-quality, prospective cohort studies in

patients at similar (early) stages of CLD receiv-
ing similar treatment are needed. Some studies
have proposed using ARFI technique to assess
the outcome of radio frequency ablation (RFA)
treatment in liver carcinoma as one alternative
technique in respect to contrast-enhanced ultra-
sound (CEUS), showing discordant results: on
one hand virtual touch tissue imaging (VTI) tech-
nique cannot demonstrate residual tumour post
RFA [39], and on the other, recurrent HCCs were
found to be softer [40].

2.2 Spleen

The main application of elastography in the
spleen is the evaluation of patients affected by
chronic liver disease in order to determine the
risk of portal hypertension. Recent studies have
shown that spleen stiffness correlates with hepatic
fibrosis, portal hypertension and the risk of
oesophageal varices in patients with chronic liver
disease.

Portal hypertension is a common conse-
quence of chronic liver disease, leading to the
formation of oesophageal and gastric varices and
other severe complications, such as portosys-
temic encephalopathy, ascites, sepsis and liver
failure [41].

The gold standard for the evaluation of portal
hypertension is the hepatic venous pressure gra-
dient (HVPG), which, unfortunately, is an inva-
sive and expensive procedure and is not routinely
available in clinical practice. Therefore spleen
elastography has been proposed as one of the
possible non-invasive methods for determining
portal venous pressure [42]. Portal hypertension
determinates histological changes in the spleen
such as hyperplasia among splenic histiocytes,
arterial terminal lengthening, increased white
pulp volume and even fibrosis between splenic
trabeculae. These changes result in increased
splenic elasticity and may be quantified by tran-
sient elastography (TE) or ARFI [43—46].

One recent study has demonstrated that the
spleen and liver stiffness measurements obtained
by TE were more accurate than other parameters
and suggested their use as a non-invasive assess-
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ment and in monitoring portal hypertension and
oesophageal varices. Although TE is widely
applied to stage chronic liver disease, there is
mounting evidence that its diagnostic accuracy is
far from being optimal, owing to several con-
founders such as liver cell inflammation, cho-
lestasis and steatosis which may overcome the
correct assessment of liver fibrosis. The measure-
ment of spleen stiffness may therefore represent
an attractive as well as a challenging opportunity
to elude these liver TE confounders, thereby
improving the non-invasive assessment of dis-
ease severity [47].

Splenic elasticity has a close linear relation-
ship with HVPG and can help predict the pres-
ence of oesophageal varices in patients with
chronic liver disease [48]. Oesophageal varices
are present in 40 % of patients with compensated
and 60 % of those with decompensated liver cir-
rhosis, and the major risk is represented by mas-
sive haemorrhage (the mortality rate of the first
bleeding episode in these patients reaching up to
40%). Performing an esophagogastroduodenos-
copy (EGD) still remains the best way to diagnose
and evaluate oesophageal and gastric varices and
the risk of variceal bleeding; however, it is expen-
sive for the health system and unpleasant for the
patient. Therefore, identification of alternative,
non-invasive parameters for surveillance of
oesophageal varices in patients with liver cirrho-
sis would restrict its use only to those cases that

necessarily need it, resulting in an increased com-
pliance of the patients to surveillance protocol
and a decreased risk of procedure-related compli-
cations [42]. Recent studies demonstrate that
spleen stiffness is superior to liver stiffness, spleen
length and Child-Pugh score in predicting vari-
ceal haemorrhage [49], showing an excellent sen-
sitivity (96 %) and specificity (88 %) and a 96 %
negative predictive value with ARFI measure-
ments [50].

However, these studies show that the repro-
ducibility of spleen stiffness measurements in
different populations depends on the expertise
of the operator, and in order to achieve a good
agreement between measurements, a training
period is required. Another disadvantage
includes the relativeness of the indirect evalua-
tion. Further studies with larger series of patients
should be performed to compare the elasticity
values of normal and pathologic tissues to deter-
mine the diagnostic role of those techniques.
Finally, sonographic spleen stiffness may be
used for surveillance of transjugular intrahe-
patic portosystemic shunt (TIPS) function in
chronic liver disease patients. Spleen stiffness
has been demonstrated to be altered after TIPS
placement, and this change can be a useful sur-
rogate for evaluating functional changes in the
TIPS [51]. There is minimal information avail-
able for the use of elastography in focal splenic
masses.
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23 Image Gallery

Fig.2.1 ARFI liver.
Normal value in healthy
liver

Vel=1,12 m/s
Profondita=5,5 cm

Fig.2.2 ARFI liver. High value in cirrhotic liver
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Vel=2,37 m/s
Profondita=4,2 cm

Vel=1,12 m/s
Profondita=5,5 cm

Fig. 2.3 Haemangioma. Higher value in the focal hyperechoic liver lesion (a) in respect to the adjacent liver paren-
chyma (b)
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Fig.2.4 Haemangioma (a—f) complete US study: round-
shaped hyperechoic mass (a) resulting stiff (green, yellow
and red in ¢ and dark in b) due to sclerosis in the elasto-
gram. At the quantitative ARFI elastography, a velocity

; Vel=2,52 m/s
| Profondita=6,1cm

Mi=21

value of 2,52 m/s is detected (d). At CEUS the lesion typi-
cally shows a globular enhancement in the peripheral area
of the lesion in the arterial phase with progressive centrip-
etal fill-in (e and f)



2 Liverand Spleen

21

Fig.2.5 Haemangioma. (a) B-mode
ultrasound demonstrates a hyper-
echoic liver lesion. (b) Colour
Doppler ultrasound demonstrates no
increased vascularity of the liver
lesion in comparison to the surround-
ing tissue. (¢) Contrast-enhanced
ultrasound depicted a peripheral
nodular enhancement of the tumour in
the arterial phases. (d) Contrast-
enhanced ultrasound depicted a
growing of the peripheral nodular
enhancement of the tumour in the
portal venous phase. (e) In the late
phase, there is still the peripheral
nodular enhancement of the tumour
visible which matches with a
haemangioma with central thrombotic
changes. (f) In VTI mode elastogra-
phy, the haemangioma appears in dark
grey indicating a stiff lesion in
comparison to the surrounding liver
tissue. (g) In VTQ mode, the shear
wave velocity was measured in the
haemangioma with a velocity of
v=3.30 m/s. (h) In VTQ mode, the
shear wave velocity was measured in
the liver tissue with a velocity of
v=1.84 m/s. (i) In sonoelastography,
the haemangioma appears in red as an
indicator for a very stiff tissue. The
border of the lesions is displayed well
in this technique
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Fig.2.5 (continued)
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Fig.2.5 (continued)

Vs=1.84 m/s
Depth=5.4 cm
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Vel=4,87 m/s
Profondita=4,2 cm

Vel=1,36 m
Profondita=2,6 cm

eddamento 0

Fig.2.6 Focal nodular hyperplasia. Higher value in the focal liver mass (a) in respect to the adjacent liver parenchyma (b)
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Fig.2.7 Adenoma. In the focal liver mass (a) resulted quite the same values of the adjacent liver parenchyma (b)
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Fig.2.8 HCC. (a) B-mode ultra-
sound demonstrates a hyperechoic
liver lesion in a cirrhotic liver. (b)
Colour Doppler ultrasound demon-
strates some peripheral vessels
adjacent to the lesion but no increased
vascularity inside the liver lesion. (¢)
Contrast-enhanced ultrasound
depicted an intense enhancement of
the tumour in the arterial phases. (d)
Contrast-enhanced ultrasound
depicted a washout of the lesion in the
late phase and confirmed the
suspicion of an HCC. (e) In VTI mode
elastography, the tumour appears
slightly bright to the surrounding liver
tissue. (f) In VTQ mode, the shear
wave velocity was measured in HCC
with a velocity of v=2.58 m/s. (g) In
VTQ mode, the shear wave velocity
was measured in the cirrhotic liver
with a velocity of v=2.19 m/s
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Fig.2.8 (continued)
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Fig.2.9 HCC in the focal liver
nodule is softer (a) and
brighter (b) at elastography in
respect to the stiff liver
cirrhotic parenchyma (c)

=5,0 ecm
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Fig.2.10 HCC. (a) B-mode
ultrasound demonstrates a
hyper- until isoechoic liver
lesion. (b) Colour Doppler
ultrasound demonstrates some
peripheral and central vessels
inside the liver lesion. (c)
Contrast-enhanced ultrasound
depicted an intense enhance-
ment of the tumour in the
arterial phases, in comparison
to the surrounding liver tissue.
(d) Contrast-enhanced
ultrasound depicted a moderate
washout of the lesion in the
late phase and confirmed the
suspicion of an HCC. The
histological diagnosis proven
by surgery was an HCC. (e) In
VTI mode elastography, HCC
appears in yellow indicating a
less stiffness of the lesion in
comparison to the cirrhotic
liver tissue. (f) In VTQ mode,
the shear wave velocity was
measured in HCC with a
velocity of v=1.68 m/s. (g) In
sonoelastography, the lesion
appears in green as an indicator
for a less stiff tissue in
comparison to the surrounding
cirrhotic liver tissue. The
border of the lesions is
displayed well in this technique
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Fig.2.10 (continued)
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Fig.2.10 (continued)

Fig. 2.11 Hepatocellular carcinoma (a, b) US study: vessels. (¢, d) CT study: typical appearance of a hepato-
round-shaped hypoechoic liver mass (a) resulting stiff in  cellular carcinoma, presenting as a hypervascular
the centre and inhomogeneously soft in the periphery at  (c) lesion with washout resulting hypodense with capsule
elastography (b) due to presence of fibrotic tissue and  (d) in the late phase
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Fig.2.12 Liver metastasis. Liver nodule is stiffer (a) in respect to the liver parenchyma (b)
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Fig.2.13 Metastatic lymph node at
hepatic hilum. (a) A 75-year-old
woman with intestine cancer and
suspicion of a lymph node metastasis
in ultrasound examination. B-mode
ultrasound demonstrates an isoechoic
lesion adjacent to the liver tissue. (b)
Colour Doppler ultrasound demon-
strates no increased vascularity of the
lymph node metastasis. (¢) In VTI
mode elastography, the capsular
tumour appears in dark grey indicating
a stiff tissue, and the centre appears in
white as an indicator for soft tissue.
(d) In VTQ mode, the shear wave
velocity was measured in the liver
tissue with a velocity of v=2.58 m/s.
(e) In VTQ mode, the shear wave
velocity was measured in the lymph
node metastasis with a velocity of
v=2.44 m/s. (f) In sonoelastography,
the lesion appears in dark grey as an
indicator for a stiff tissue. The border
of the lesions is displayed well in this
technique
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Fig.2.13 (continued)

Vs=2.58 m/s
Depth=1.4 cm

Vs=2.44 m/s
Depth=2.7 cm
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Fig.2.14 Liver neuroendocrine metastasis. (a) A 55-year-
old man with known neuroendocrine tumour of the pan-
creas and an unclear liver lesion depicted in ultrasound
examination. B-mode ultrasound demonstrates a slight
hyper- until isoechoic liver lesion. (b) Colour Doppler
ultrasound demonstrates some peripheral vessels of the
tumour. (¢) In VTI mode elastography, the tumour appears
in dark grey indicating a stiff lesion in comparison to the
surrounding liver tissue. (d) In VTQ mode, the shear wave
velocity was measured in the liver tissue with a velocity of
v=1.41 m/s. (e) In VTQ mode, the shear wave velocity was
measured in the tumour tissue with a velocity of v=3.28 m/s.
(f) In sonoelastography, the lesion appears in dark grey as
an indicator for a very stiff tissue. The border of the lesions
is displayed well in this technique. (g) Same patient as
Fig. 30-35. High-resolution B-mode ultrasound (9 MHz)
demonstrates a slight hyper- until isoechoic liver lesion. (h)
Colour Doppler ultrasound demonstrates some peripheral
and central vessels of the tumour. (i) Contrast-enhanced
ultrasound depicted an intense enhancement of the tumour

in the arterial phases, in comparison to the surrounding liver
tissue. (j) Contrast-enhanced ultrasound depicted a clear
washout of the lesion in the late phase and confirmed the
suspicion of a liver metastasis. The histological diagnosis
proven by surgery was a metastasis from neuroendocrine
tumour. (k) VTIQ velocity colour overlay displayed rela-
tive shear wave velocities according to the adjacent colour
spectrum, red areas corresponding to higher values and
blue areas corresponding to lower values. Shear wave
velocity was measured in the metastasis between v=1.50
and 3.45 m/s and in the surrounding tissue between v=0.85
and 1.08 m/s. (I) In VTI mode elastography, the tumour
appears in dark grey indicating of a stiff lesion in compari-
son to the normal tissue. (m) In VTQ mode, the shear wave
velocity was measured in the metastasis with a velocity of
v=4.04 m/s. (n) In VTQ mode, the shear wave velocity was
measured in the liver tissue with a velocity of v=1.92 m/s.
(0) In sonoelastography, the lesion appears in dark grey as
an indicator for a very stiff tissue. The border of the lesions
is displayed well in this technique
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Fig.2.14 (continued)

Vs=3.28 m/s
Depth=2.4 cm
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Fig.2.14 (continued)
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Fig.2.14 (continued)
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Fig.2.14 (continued)
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Fig.2.14 (continued)

Vel=2,18 m/s
Profondita=4,5 cm

Fig 2.15 Spleen. Normal value of the spleen that result superior to the liver in healthy subjects
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Fig 2.16 Spleen nodule. Mainly isoechoic focal splenic lesion absolutely better visible as black because stiffer in
respect to the adjacent parenchyma on elastogram
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Elastography of the pancreas is a new useful
technique that completes and improves the accu-
racy of transcutaneous or endoscopic pancreatic
ultrasound study, giving important information
on tissue under examination.

The accuracy of ultrasonography has been
increased in last decades by techniques able to
evaluate mechanical strain properties of tissues.
This innovative and not invasive method of ana-
lyzing tissue stiffness immediately received an
increasing interest during the last years owing to
a revolutionary approach of studying diffuse and
focal diseases, thus providing a new important
diagnostic tool for making diagnosis. Tissue stiff-
ness has ever been evaluated by clinicians and
surgeons through physical palpation to detect
pathological conditions. So the possibility to
evaluate tissue stiffness became a new useful
implement, complementary to the other tradi-
tional imaging features to reach a diagnosis [1].
The challenge of elastography is to distinguish
different tissues on the basis of their specific con-
sistency: usually malignant neoplasms tend to be
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stiffer than healthy parenchyma of different
organs. First organs and diseases studied with
elastography were the breast, thyroid, and pros-
tate nodules. In the last years, pancreatic ultra-
sound elastography became more relevant.

3.1 Examination Technique
Elastography of the pancreas can be obtained by
using two main imaging techniques: first is strain
elastography (SE); second is shear wave elastog-
raphy (SWE), which includes transient elastogra-
phy (TE), point SWE, 2D-SWE and 3D-SWE,
and acoustic radiation force impulse (ARFT).

In strain elastography, a continuous external
mechanical compression done with the probe is
required, or the compressions are given by the
respiratory movements and the cardiac pulsa-
tions. The deformation degree is calculated by
measuring variations in the US frequency before
and after compression. A dedicated software cal-
culates the tissue elasticity in a defined ROI. This
type of elastography obviously supplies com-
pressions that cannot be quantified, and moreover
the site compressed cannot be restricted to spe-
cific areas. Strain elastography provides a quali-
tative study with the creation of an area where a
color map pattern is superimposed, according to
the color scale in the monitor side basing on tis-
sue stiffness. The color elastogram is superim-
posed to the US image [2-5], and it consists in a
color map (stiffer areas are coded in blue or in red
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usually, softer areas are red or blue, and green
indicates intermediate levels of elasticity). Some
types of US equipment display a gray scale, with
stiffer tissues represented as darker. Elastography
by compression gives only qualitative and not
quantitative information because it is impossible
to precisely define the intensity of the force
exerted on the tissues. Moreover, the relative
elasticity representation may change according to
the tissues in the studied area, with the size of the
box and with the intensity of the exerted pressure
[2]. Information given by this study are relative,
and not absolute, because it is always necessary a
comparison between the studied lesion or inter-
ested area and the adjacent parenchyma, so the
region of interest (ROI) that it will be choose
must to be bigger than the lesion or the area that
we want to study, comparing in this way different
stiffness of different parenchyma areas [2].
Shear wave elastography provides a real-time
evaluation of the shear wave propagation in the tis-
sues: a conventional US probe generates pressure
waves and registers in turn the tissue motion by a
sequence of multiple images per second. The
results can be both qualitative and quantitative: it
is possible to create a chromatic two-dimensional
map of the tissue viscoelastic properties, both in a
gray scale or in a color scale (usually areas of great
stiffness are black or red, respectively, softer areas
are blue or light gray, green and different gray
grades indicate an intermediate level of elasticity).
Moreover the values of tissue stiffness are also
expressed in kilopascals (kPa), giving absolute
quantitative information about tissue properties [2,
6]. So shear wave imaging allows both qualitative
and quantitative evaluations. In contrast with strain
elastography, that is, qualitative, shear wave imag-
ing leads to an absolute, quantitative, measure of
tissue mechanical properties. Acoustic radiation
force impulse (ARFI) imaging, being part of shear
wave elastography imaging, can give information
qualitatively and quantitatively about tissue stiff-
ness with no need of external compression. It takes
advantage of a short-duration acoustic radiation
forces (<1 ms) to create a localized tissue dis-
placements through a preliminary identified ROI,
selected in the target tissue on a conventional US
image-based anatomical location, that are then
registered by the ultrasonographer scanner: the tis-

sue displacements are obviously related to the vis-
coelastic local soft tissue properties [2, 7].

As previously said, ARFI can be used both in
a qualitative and in a quantitative way. In the
qualitative one a short acoustic impulse of high
intensity is employed to deform tissue elements
and create a static map (elastogram) of the rela-
tive stiffness of the tissues included in the region
of interest (ROI). In the quantitative one a pri-
mary acoustic impulse focused on a ROI (a box
with fixed dimensions) is used to generate pres-
sure perpendicular waves able to deform the tis-
sue. The speed of the wave through the tissue is
calculated in m/s. The stiffer the tissue is, the
greater the shear wave velocity [2, 8].

The ARFI method has positive sides, such as
that it reduce interobserver variability and an
external compression is not needed, but it pro-
vides only static information and not dynamic
ones as a contrary of elastography by compres-
sion [2].

Pancreatic elastography can be performed by
using two different approaches: the endoscopic
and the percutaneous. The endoscopic approach
still now is the most widely studied, whereas the
percutaneous one, even though easily and imme-
diately practicable, can be affected by the same
intrinsic limitations that can compromise the
ultrasound study of the pancreatic region.

3.1.1 Endoscopic Elastography
Endoscopic ultrasonography is the most frequent
approach used for the elastographic study of the
pancreas. The area that has to be evaluated is
defined by a region of interest (ROI, color win-
dow). The pressure applied on the studied region
can be modified by manipulating the probe, even
if usually very little additional compression is
required, because the pressure difference from the
pulsation of adjacent vessels is normally sufficient.
So with the endoscopic technique, the method
used is the strain elastography. Elastographic and
B-mode images are displayed simultaneously.
The ROI has to be sufficiently large to contain
the area that has to be examined and enough sur-
rounding tissue for comparison of relative tissue
stiffness. Moreover, it is possible to have a semi-
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quantitative value comparing two different areas
of tissue within the ROI, calculating the strain
ratio between a suspicious mass lesion and refer-
ence surrounding tissue [2].

3.1.2 Transabdominal Elastography

Transabdominal ultrasound elastography of the
pancreas requires obviously a correct visualiza-
tion of the pancreatic gland by means of ultra-
sound. Transcutaneous ultrasound elastography
study can be performed both by using strain elas-
tography, with qualitative and semiquantitative
information, and share wave elastography with
qualitative and quantitative data [2].

3.2 Clinical Applications

3.2.1 Normal Findings in Healthy
Pancreas

A healthy pancreas appears as iso- to hyperechoic
compared to the liver parenchyma, with echo-
genicity that however may increase with advanc-
ing age, due to a fibro-adipose involution. The
normal pancreas appears as intermediately soft
tissue, characterized by a homogeneous soft tis-
sue green area at elastographic imaging [9-14].

Then, with the fat accumulation and fibrosis
degeneration of the parenchyma, the elasto-
graphic image becomes heterogeneous, due to
different color areas inside the gland.

At endoscopic ultrasound, pancreatic qualita-
tive elastosonographic results about healthy
parenchyma are univocally reported as soft tis-
sue, as previously mentioned, represented by
homogeneous green pattern in each published
studies [2, 9—-14].

Elastographic study consists of images that
use chromatic maps with gray or color scale. In
this hue chromatic (gray scale or red-green-blue)
map, hard tissue areas are colored in black or
dark blue or red (depending on the scale used),
soft tissue areas are in white or red or blue
(depending on the scale used), and intermediate
stiffness tissues are characterized by different
gray shadows or yellow or green. An important

limitation of this elastographic technique is that
the complete color spectrum from blue to red
encoding is applied to each different elasto-
graphic record and it indicates the graduation of
relative elasticity within the area sampled; as a
consequence there is not an absolute scale of tis-
sue stiffness [2].

Percutaneous ultrasound ARFI elastography
has the capability of reading share waves velocity
with a transabdominal probe: the stiffer a tissue
is, the greater the mechanical wave speed will be.
As reported in Literature, the mean wave velocity
value obtained in a healthy pancreas with ARFI
technique is about 1.40 m/s [1, 15, 16].

3.2.2 Inflammatory Diseases

3.2.2.1 Acute Pancreatitis

Acute pancreatitis is an inflammatory disease of
the pancreas that can be divided, thanks to Atlanta
classification 2012 revised [17], into edematous
pancreatitis or necrotizing pancreatitis. In the
edematous pancreatitis, interstitial edema causes
a diffuse or a focalized enlargement of the gland
due to inflammatory infiltrated cells, with preser-
vation of microcirculation and of pancreatic per-
fusion. In the necrotizing pancreatitis, a
microcirculation damage is present with tissue
destruction and necrosis appearance that gets
involved or only the pancreatic parenchyma, or
only the peripancreatic tissue, or both.

As a consequence of pathology changes, the
consistency of the pancreatic parenchyma
becomes softer than the healthy pancreas, and it
could be identified with strain elastography and
with share wave elastography, including
ARFI. Necrosis can be identified at elastography,
both transabdominal and endoscopic, as soft
areas for the presence of damaged tissue with
specific colors linked to softness, such as blue or
red, depending on the specific color scale of the
utilized echographer [18]. Goya et al. compared
in their prospective study the efficiencies of
transabdominal ARFI imaging (both Virtual
Touch Imaging (VTI) and Virtual Touch
Quantification (VTQ)) with B-mode ultrasonog-
raphy and CT at hospital admission for diagnosis
of acute pancreatitis, conversely to other studies
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that did not have any comparison [19-21]. In this
study, elastography disclosed changes in pancre-
atic parenchyma in all patients with diagnosis of
acute pancreatitis compared with the ones in the
control group. These results displayed the high
success rate of ARFI elastography in the diagno-
sis of acute pancreatitis and its superiority com-
pared to B-mode ultrasonography and
CT. Furthermore ARFI elastography can success-
fully detect pancreatic inflammation both visu-
ally and quantitatively even in cases of mild
pancreatitis, opposed to CT and ultrasonography,
because all patients included in the study had a
diagnosis of acute pancreatitis by ARFI imaging.
ARFI-VTQ (Virtual Touch Quantification) has
sensitivity and specificity of 100% and 98 %,
respectively, in diagnosis of acute pancreatitis,
with a cutoff value of 1.63 m/s, specifying that
the mean SWS value in patients with acute pan-
creatitis is significantly higher (values in pancre-
atic parenchyma of patients with pancreatitis
ranged from 1.1 to 4.47 m/s) than the value found
in the control group (value in normal pancreatic
parenchyma ranged from 0.6 to 1.63 m/s), with a
differential statistically significant, p<0.001. In
case of necrosis, Virtual Touch Imaging (VTI)
elastograms of the necrotic areas showed reduced
stiffness compared with non-necrotic pancreatic
tissue, due to the colliquation, and the Virtual
Touch Quantification (VTQ) values seen by elas-
tography ranged from 0.5 to 1.2 m/s. In case of
segmental involvement, the VTQ values were
higher for inflamed tissue areas than those of
non-inflamed or less inflamed, showing that
ARFI elastography can be used to visualize the
location of inflammation in the pancreas, helping
in case of segmental inflammation. Moreover
sometimes acute inflammation can be focal,
occurring mostly in the pancreatic head, and it
presents as a hypoechoic mass, being difficult to
be differentiated from a tumor: in these cases
elastography can be useful in the differential
diagnosis between these two diseases. Ultimately
Goya et al. concluded that ARFI elastography is
a noninvasive, radiation-free, rapid, and repro-
ducible imaging method that can efficiently diag-
nose acute pancreatitis at hospital admission,

providing reliable results and visualizing distri-
bution of inflammation in parenchyma glands,
in peripancreatic tissue, and necrosis distribu-
tion. Moreover, very important help is done by
the positive diagnosis yielded by elastography
in patients with negative CT [22]. Data regard-
ing ARFI Virtual Touch Quantification are
however controversial in patients with acute
pancreatitis [21].

3.2.2.2 Chronic Pancreatitis

Chronic pancreatitis is a chronic fibrotic inflam-
matory process of the pancreas that causes per-
manent morphologic changes with function
reduction. At the end in chronic pancreatitis, the
pancreas is atrophic, with calcifications and dila-
tion and irregularity of both principal pancreatic
duct and secondary ducts; at pathology the nor-
mal lobular architecture of the gland is preserved
with irregular loss of acinar and ductal tissues,
combined with various degrees of chronic inflam-
mation, duct alterations, and fibrosis. Due to
these pathologic changes, the pancreatic tissue
strain properties are different in respect to the
healthy pancreas, but a pancreas with chronic
pancreatitis may show a wide range of tissue
strain due to inhomogeneity of the distribution of
the alterations. At endoscopic ultrasound elastog-
raphy, this benign pancreatic disease could
appear as a honeycomb predominantly blue pat-
tern, or a heterogeneous mixed colored pattern
with prevalent soft tissues, or a homogeneously
green pattern [2, 9, 11, 12]. Basically the elasto-
gram shows harder pancreatic tissue (depending
of course with the color scale of the echographer)
[23]. At qualitative elastography, both transab-
dominal and endoscopic, chronic pancreatitis is
shown with heterogeneous mixed colored pattern
or honeycombed pattern, with predominantly
hard strands [2, 9, 11, 12, 24]. Differently to solid
pancreatic tumors, the elastographic appearance
of chronic pancreatitis varies to some degree,
probably caused by the inhomogeneous affection
of the organs and the different stages of the
chronic disease [9]. Elastography can therefore
help in diagnosis of chronic pancreatitis, added to
the standard Rosemont criteria [24-26], and it
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could be helpful in diagnosing early chronic pan-
creatitis cases [9, 24, 27]. Nevertheless, differen-
tial diagnosis between chronic pancreatitis and
pancreatic cancer could be very difficult at elas-
tography because these two diseases on EUS or
transabdominal elastography have similar hard-
ness. Furthermore, stones and calcifications, fre-
quently associated with chronic pancreatitis,
produce a homogeneously hard pattern compa-
rable with malignant diseases [2, 9, 28]. Different
studies on this topic show different conclusions.
Janssen et al. assert that EUS elastography is not
able to distinguish chronic pancreatitis from
malignant tumors [9] and reported low specificity
and positive predictive value for elastographic
diagnosis of chronic pancreatitis (56.9% and
46.6 %, respectively) and pancreatic neoplasms
(65.4% and 51.7 %). Itokawa et al. [11] affirmed
that the specificity of EUS elastography in distin-
guishing benign from malignant pancreatic
lesions is low (64.3 %), demonstrating that hard
lesions may not always be malignant and soft
lesions may not always be benign in pancreatic
pathology. An important concept introduced by
Itokawa et al. [11] is the strain ratio (SR), a semi-
quantitative method to objectively evaluate tissue
hardness: stress applied to two areas of pancre-
atic tissue (areas considered to be malignant and
areas not malignant) at the same time, each strain
increases in proportion to the stress. Thanks to
this semiquantitative method, it is possible to see
as SR of pancreatic cancer is usually significantly
higher than SR for mass-forming pancreatitis and
chronic pancreatitis, indicating that this new
approach could be a useful method for the dif-
ferential diagnosis between pancreatic cancer
and chronic pancreatitis. Regarding the acoustic
radiation force impulse, in literature it is reported
that the pancreatic stiffness measured by ARFI
used to be high in patients with chronic pancre-
atitis, more than cutoff value of 1.40 m/s [2, 29].
In both techniques, it could be useful to study
also the adjacent parenchyma, in case of focal
chronic pancreatitis mass, because at the elasto-
gram and at the ARFI values, both chronic pan-
creatitis and ductal adenocarcinoma can be hard.

The relative stiffness of a lesion compared to the
adjacent parenchyma could help in differential
diagnosis: fibrosis and calcification that devel-
oped also in the surrounding parenchyma and not
only in the lesion implicate a higher stiffness than
would be found in the adjacent parenchyma, so
the relative stiffness of a lesion compared to its
adjacent parenchyma can be expected to provide
more accurate information than the absolute
ARFI value of a lesion in the differential diagno-
sis between chronic pancreatitis and ductal ade-
nocarcinoma [30]. In conclusion, share wave
velocity (SWV) in patients with chronic pancre-
atitis used to be significantly higher than the one
in healthy pancreas, making ARFI elastography a
feasible modality for the diagnosis of chronic
pancreatitis, showing in chronic pancreatitis high
elasticity compared to findings in the normal
pancreas [29].

3.2.2.3 Autoimmune Pancreatitis
Autoimmune pancreatitis (AIP) is a chronic
pancreatitis caused by an autoimmune inflam-
matory process that at pathology has predomi-
nant lymphocytic peri-ductal inflammation and
fibrosis. Often, this kind of chronic pancreatitis
gets involved only a gland portion, and this can
cause problems in the differential diagnosis
with pancreatic ductal adenocarcinoma. Usually
patients with autoimmune pancreatitis do not
have calcifications and dilation of principal pan-
creatic duct. Dietrich et al. showed [31] that all
patients with proved autoimmune pancreatitis
that they enrolled in a study presented with a
unique pattern of small spotted, mainly blue
color signals that were evenly spread over the
head and the body of the pancreas. So they con-
cluded that elastography might be helpful in
identifying patients with AIP, because the elas-
tographic pattern of AIP was enough character-
istic to allow it to be distinguished from all other
pathological entities and from normal pancre-
atic tissue: in fact the characteristic stiff elasto-
graphic pattern in patients with AIP is visible
both in the mass lesion and in the adjacent pan-
creatic parenchyma [24].
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3.2.3 Pancreatic Solid Neoplasms

3.2.3.1 Pancreatic Ductal
Adenocarcinoma

Pancreatic ductal adenocarcinoma is the most
frequent solid pancreatic tumor, accounting for
about 80 % of malignant pancreatic neoplasms. It
is a malignant epithelial neoplasm with glandular
differentiation, composed by neoplastic glands,
with different degrees of differentiation,
implanted in abundant desmoplastic stroma, that
give to it a hard consistency, with low vascular-
ization. As a consequence, pancreatic ductal ade-
nocarcinoma is a hard hypovascular mass [12,
15, 32, 33]. Usually, keeping in mind tissue
pathology, malignant pancreatic neoplasms have
harder stiffness than adjacent pancreatic paren-
chyma, allowing elastographic technique to be a
reliable tool for the differentiation of solid pan-
creatic masses with high sensitivity (95-97 %)
and middle to high specificity (67-76 %), as said
in some meta-analysis about endoscopic ultra-
sound elastography [34-37]. However, EUS elas-
tography cannot substitute the histology
confirmation in differential diagnosis between
malignant and benign lesions, because often the
difference in stiffness between these two entities
is very little, so EUS elastography can be a very
useful tool and an added value, but it should not
be used as a first-line examination alone in the
evaluation of focal pancreatic lesions [12].
Regarding endoscopic ultrasound elastography,
at qualitative imaging, pancreatic ductal adeno-
carcinoma usually appears as a hard tissue, blue
or red depending on the specific instrument color
map, but it could also be characterized by a
homogeneously green pattern (middle color in

the stiffness scale) or by a heterogeneous soft
pattern in those cases with cystic degeneration or
necrosis present [2, 9—13]. There are no evidence
for a correlation between the tumor stiffness and
the tumor grading [34, 38]. In some studies, dif-
ferent elastography image color pattern classifi-
cation to do differential diagnosis between
malignant masses and benign lesions were used,
but this approach has also been contradicted by
other authors [10, 34, 39, 40]. Giovannini et al.
[12, 39] used in two studies a five-score classifi-
cation system for endoscopic ultrasound elastog-
raphy, as reported in Table 3.1.

Giovannini et al. reported in the first study
[39] this five-score classification based on differ-
ent color patterns with a sensitivity of 100 % and
a specificity of 67% in differentiating benign
from malignant lesions. Then the same group in
the second study [12], basing on the same scoring
system, proved that the accuracy was 89.2 % for
the differential diagnosis, with both sensitivity
and positive predictive value (PPV) over 90 %
[34]. A second group, Iglesias-Garcia et al. [13],
used a four-score classification (Table 3.2), and
they prove that EUS elastography has diagnostic
sensitivity, specificity, and overall accuracy of
100 %, 85.5%, and 94 %, respectively, in diag-
nosing malignancy [34].

Itokawa et al. [11] showed in their study that
at qualitative EUS elastography all pancreatic
ductal adenocarcinomas had intense blue pattern
(hardest color in their color map), whereas
inflammatory masses had mixed colorations
(green, yellow, and low-intensity blue). Again
there are at least two studies that give disap-
pointing results about qualitative endoscopic
ultrasound elastography [9, 10, 34]. Hirche et al.

Table 3.1 Five-score classification system for endoscopic ultrasound elastography according to Giovannini studies

[12, 34, 39]

Score  Color pattern Stiffness Histology

1 Green Homogeneous soft ~ Normal pancreatic tissue

2 Green, yellow, and red Soft heterogeneity  Fibrosis

3 Mostly blue with minimal heterogeneity Hard Early pancreatic adenocarcinoma

4 Central green hypoechoic region and blue ~ Hard Neuroendocrine tumor, metastasis

tissue outer layer
5 Blue lesions with heterogeneity due to Hard Advanced pancreatic adenocarcinoma

necrosis
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Table 3.2 Four-score classification system for endoscopic ultrasound elastography according to Iglesias-Garcia study

[13, 34]

Score Color pattern Stiffness Histology

1 Homogeneous green Soft Normal pancreas

2 Heterogeneous, green predominant Soft Inflammatory pancreatic masses

3 Heterogeneous, blue predominant Hard Pancreatic malignant tumors

4 Homogeneous blue Hard Pancreatic neuroendocrine malignant lesions

[10] found in their study very low values in pre-
dicting the nature of pancreatic lesions, such as
diagnostic sensitivity, specificity, and accuracy
just 41 %, 53 %, and 45 %, respectively. Janssen
et al. [9] instead conclude that it is not possible
to distinguish chronic pancreatitis from hard
malignant tumors with elastography, probably
due to their similar fibrous structure. These dif-
ferent values of diagnostic accuracy in qualita-
tive EUS elastography among different studies
can be explained probably because of the subjec-
tive interpretation of the elastographic pattern
[14, 34, 41]. By the way due to the desmoplasia
of ductal adenocarcinoma, it is possible to
exclude malignancy with high accuracy when in
the ROI is seen a predominantly green pattern,
so this examination have a negative predictive
value usually higher than 90% [10, 12, 31, 42—
44]. With EUS elastography strain ratio (SR)
that gives a relative quantitative value, Iglesias-
Garcia et al. [40] proved that in differential diag-
nosis of pancreatic solid lesions quantitative
EUS elastography with SR has an accuracy
(97.7 %) and a specificity (92.9 %) higher than
qualitative analysis and these data could be
explained with comparing two regions of interest
(ROI), one inside the lesion and one inside adja-
cent pancreatic parenchyma. They said that a
lesion with a SR higher than 6.04 or a mass elas-
ticity lower than 0.05 % has 100 % sensitivity to
be classified as a malignant tumor [34, 40].
Furthermore, the specificity can reach 100 %
value with a SR higher than 15.41 or a mass elas-
ticity value below 0.03 %. So EUS elastography
with SR could be an important tool in the differ-
ential diagnosis among pancreatic masses and
could differentiate pancreatic cancers from
inflammatory masses, with a sensitivity of 100 %
and a specificity of 96%, and pancreatic

adenocarcinoma from neuroendocrine tumors,
with 100 % sensitivity and 88 % specificity [34,
40]. Another study confirms different values
with EUS quantitative techniques with a mean
SR of 39.08 (+£20.54) for pancreatic ductal ade-
nocarcinoma and a mean SR of 23.66 (x12.65)
for inflammatory masses [11, 34]. At the acous-
tic radiation force impulse (ARFI), being a rigid
mass, stiffer than the adjacent pancreatic paren-
chyma for the pathological features previously
described, pancreatic ductal adenocarcinoma is
characterized by higher wave velocity values
than normal parenchyma with predominately
hard pattern at Virtual Touch Tissue Imaging
(VTI) and at Virtual Touch Tissue Quantification
(VTQ); shear wave velocities are usually >3 m/s,
higher than ones measured in the adjacent paren-
chyma [2, 16, 29, 45]. Park et al. [30] concluded
in their study that ARFI elastography identified
relative stiffness values between the lesion and
background pancreatic parenchyma using VTI
and VTQ, which could be helpful in differentiat-
ing malignant tumors from benign inflammatory
lesions, although there was a considerable degree
of overlap between the ARFI values of the
benign and malignant lesions. In D’Onofrio
et al. experience, a wide range of wave velocity
values results from ARFI analysis on pancreatic
adenocarcinoma, but in any case a differential
diagnosis with chronic pancreatitis is really dif-
ficult, and still now no cutoff values exist [2].
Pancreatic ductal adenocarcinoma usually pres-
ents at elastography, both qualitative and quanti-
tative, as a harder mass than normal pancreatic
adjacent parenchyma; it is also usually harder
than benign lesions, but this last feature is not
very simple to appreciate at elastographic study,
and of course it is harder in relation to the adja-
cent parenchyma than benign lesions.
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3.2.3.2 Other Solid Neoplasms
Neuroendocrine tumors are the second most com-
mon pancreatic solid neoplasms, accounting for
about 1-2 % of all pancreatic neoplasms. They are
epithelial tumors with neuroendocrine differentia-
tion. Most neuroendocrine tumors present as a
solitary, solid, well-circumscribed mass with
sharp, rounded, or multi-lobulated borders, with
an expansive growth pattern compared to the infil-
trative one of ductal adenocarcinoma. At pathol-
ogy neuroendocrine neoplasms typically have an
organoid growth pattern, characterized by solid
nests. They are tumors with very rich vasculariza-
tion, responsible of the hypervascular radiological
appearance [32, 46-48]. According to studies of
Janssen, Hirche, Itokawa, and Giovannini, pan-
creatic neuroendocrine tumors can appear with a
predominantly blue (the hardest color in the map)
honeycomb pattern [9-12]; according to Hirche
and Iglesias-Garcia, they can appear as homoge-
neous blue pattern [10, 13]; or according to
Itokawa and Giovannini, they can appear as a
green central area surrounded by blue tissue [11,
12]. Furthermore, Itokawa and Giovannini [11,
12] demonstrated also a homogeneous green pat-
tern for pancreatic neuroendocrine neoplasms [2].
Iglesias-Garcia et al. [40] proved that endocrine
tumors presented the highest strain ratio (mean
52.34) among pancreas focal lesions, leading
EUS elastography to be helpful for differentiating
pancreatic adenocarcinoma from neuroendocrine
tumors with a sensitivity of 100 % and a specific-
ity close to 88 %.

Other solid tumors of the pancreas can be
metastases, although pancreatic metastases are
very uncommon entities. In Giovannini and
Iglesias-Garcia studies, metastases appear with a
heterogeneously blue pattern [2, 12, 13].

3.2.4 Pancreatic Cystic Neoplasms

In pancreatic cystic lesions study, elastography
can have a role, both with strain elastography and
with share wave elastography, in particular with
AREFI. In literature, there are few studies on cys-
tic lesions and elastography, more about ARFI
imaging. The application of ARFI quantification
in fluids analysis is absolutely innovative. The

basic concept is that different fluids are present
into cystic lesions. Even though mechanical
waves can propagate through both solid and lig-
uid tissues, instead shear waves are more and
highly attenuated in liquids, where only longitu-
dinal waves or the shear wave reflection at the
solid—fluid interface can be measured. The large
range tissues with different fluid content in vivo,
due to different viscosities and the presence of
suspended particles, may generate different
responses on ARFI  imaging [49-51].
Experimental studies on fluid models that showed
non-numerical values of share waves velocity at
ARFI imaging (XXXX or 0 or X.XX on the mon-
itor) in simple non-viscous fluids such as water
have been made [49, 52-54]. The X.XX value
can also be registered in solid lesions for several
reasons, such as incorrect measurements or tech-
nical impairments. On the other hand, the possi-
ble resultin ARFI fluid analysis is the achievement
of a numerical value that can be considered
related to the presence of viscous fluid [49-52].
In fluid contents, the obtained values with ARFI
are related to the molecular motion inside the
region of interest. In simple fluids, such as water,
the excessive motion probably determines a too
great variation of the individual velocity esti-
mates between tracking beams with the obtaining
of an unreliable measurement. In viscous fluids
instead the molecular motion is reduced owing to
the complex content, with the obtaining of a
greater mechanical wave speed [20].

ARFI with the Virtual Touch tissue quantifica-
tion seems to be able to do a not invasive study of
fluid content of pancreatic cystic lesions, poten-
tially improving the lesion characterization, that is
nowadays still based on their morphology and
architecture at imaging study with an invasive
analysis of the fluid content still necessary to make
a definitive diagnosis in all doubtful cases [51, 52].

3.2.4.1 Serous Neoplasms

The most common serous neoplasm is the serous
cystadenoma, a neoplasm that tends to have a
benign behavior. Its typical aspect is character-
ized by a cluster of microcysts (maximum 2 cm)
separated by thin enhancing septa, sometimes
forming a central scar, without connection with
pancreatic duct. They could also have microcystic,
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macrocystic, and oligocystic aspects, and, in
small percentage, about 5% of cases, they could
resemble a solid lesion due to enhancing septa
and absence of visualization of the tiny cysts [20,
55, 56]. As specified by their name, serous cystad-
enomas are full of simple fluid that could be asso-
ciated to water as intrinsic features. The value
mainly measured in these pancreatic cystic lesions
at ARFI quantification imaging is XXXX/0 m/s,
as previously explained [20, 49, 52].

In literature microcystic serous cystadenoma
aspect at endoscopic elastography was described
by Janssen et al. affirming that it appears as a
honeycomb predominantly blue pattern [9] and
by Hirche et al. reporting that it appears as a
homogeneously blue pattern or as a green area
surrounded by blue tissue [10].

3.2.4.2 Mucinous Producing Neoplasms

Cystic pancreatic neoplasms producing muci-
nous are principally mucinous cystadenoma and
intraductal papillary mucinous tumor. All these
kinds of tumors produce mucus and, as a conse-
quence, are filled by mucina that in this case can
be considered a complex fluid. For these reasons,
at ARFI quantitative imaging, it is reasonable to
expect number values of share waves [49, 52].

3.2.4.3 Differential Diagnosis
of Pancreatic Cystic Lesions

Pseudocyst is a complication of acute or chronic
pancreatitis. To make diagnosis of pseudocyst of
course is very important to know the patient med-
ical history. This kind of pancreatic cyst has a
fibrotic wall and is filled by fluid that can be dif-
ferent for hemorrhage or necrosis presence. For
these reasons, at ARFI quantification imaging, it
is possible to obtain different values of share
waves depending on fluid contents, from serous
type to very complex one [49, 52].

3.3 Clinical Indications

and Guidelines

Transabdominal and endoscopic elastography can
sufficiently and reproducibly distinguish between
normal pancreatic parenchyma and most pancre-
atic tumors dominated by stiff (blue) areas. In

pancreatic focal solid masses’ characterization, a
green predominant pattern is reported to exclude
malignancy with high accuracy, whereas a hard or
harder than normal pancreatic parenchyma pat-
tern has been reported for tumors [2, 9, 13].

The clinical role of elastographic technique in
pancreatic diseases differential diagnosis is how-
ever limited, as also showed by Hirche et al. [2,
10]. As a consequence of course, elastography
examination cannot substitute the pathologic
examination given by FNA or biopsy, so it cannot
give a certain pathological diagnosis, but it can
be a very useful tool in setting suspicious diagno-
sis and in guiding diagnostic and treatment man-
agement. An important role, giving information
about tissue stiffness, can be found for the
decision-making process, in particular in those
patients with negative or inconclusive FNA in
case of very strong clinical suspicious of malig-
nancy. Regarding pancreatic ductal adenocarci-
noma, other future applications of elastography
could be the tumor stratification based on tissue
stiffness predicting differentiation and response
to therapy. Moreover a potential pancreatic surgi-
cal application of elastography before tumor
resection can be the study of pancreatic
parenchyma adjacent to the tumor in predicting
the risk of postoperative fistula [2, 34].

In the 2013 EFSUMB guidelines about clini-
cal use of ultrasound elastography [57], the role
of predominately endoscopic ultrasound elastog-
raphy is described also, and the recommenda-
tions for this study are:

e EUS elastography is useful as a complemen-
tary tool for the characterization of focal pan-
creatic lesions.

*  When there is strong clinical suspicion of pan-
creatic cancer, but the biopsy is inconclusive or
negative, a hard focal lesion on elastography
and/or suggestive endoscopic contrast enhance-
ment ultrasound (hypovascular lesion) [58]
should guide clinical management by indicating
repeat EUS-FNA or direct referral to surgery.

e EUS elastography cannot be currently recom-
mended for differentiating advanced chronic
pancreatitis from pancreatic carcinoma due to
their similar tissue stiffness in a large propor-
tion of cases.
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3.4 Image Gallery

Fig. 3.1 Ductal adenocarcinoma. (a—e) Complete US
study: round-shaped hypoechoic mass (calipers in a)
located in the pancreatic body with no visible Doppler
signals according to the very low vascular density of the
neoplastic tissue at color Doppler analysis (b) and result-

ing stiff (black in ¢, red in d) due to the rich desmoplastic
stroma in the elastogram. At CEUS the lesion typically
shows markedly hypovascular pattern (e). (f) Dynamic
CT: hypovascular hypodense mass with upstream dilated
Wirsung duct
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Fig. 3.2 Ductal adenocarcinoma. (a—e) Complete US
study: round-shaped hypoechoic mass (a) located in the
pancreatic body resulting stiff (marginally red in b, inho-
mogeneously black in ¢) due to the rich desmoplastic
stroma in the elastogram. At the quantitative ARFI elas-
tography, a velocity value of 3.74 m/s is detected (d). At
color Doppler analysis (a), no Doppler signal is visible

Vel=3,74 m/s
Profondita=3,5 cm)

within the lesion according to the very low vascular den-
sity of the neoplastic tissue. At CEUS the lesion typically
shows markedly hypovascular pattern (calipers in e). (f)
CT study: typical appearance of a pancreatic ductal ade-
nocarcinoma, presenting as a hypovascular lesion (f) in
comparison to the adjacent pancreatic parenchyma at
venous phase
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Fig. 3.4 Ductal adenocarcinoma. (a-b) CT study:
slightly hypovascular mass in the pancreatic isthmus at
pancreatic (a) and venous (b) dynamic phases, causing
upstream dilation of the Wirsung duct. (e—f) US study:

Vel=2,14 m/s
Profonditd=2,5 em

round-shaped hypoechoic mass (c) located in the pancreas
resulting stiff (black in d, red in e) due to the rich desmo-
plastic stroma in the elastogram. At the quantitative ARFI
elastography, a velocity value of 2.14 m/s is detected (f)

<
<

Fig. 3.3 Pancreatic adenocarcinoma. (a—¢) MRI study:
pancreatic mass hypointense on T1-weighted fat-satu-
rated (a) image. In the pancreatic dynamic phase, the
mass is hypovascular (b) with progressive contrast
medium retention in the following phases (c). The
Wirsung duct is upstream dilated. (d—f) US study: round-

shaped hypoechoic mass located in the pancreatic head
resulting stiff (slightly black in e) in the elastogram due to
the rich desmoplastic stroma. At the quantitative ARFI
elastography, a velocity value of 3.54 m/s is detected (f).
At CEUS the lesion typically shows markedly hypovascu-
lar pattern (calipers in d)
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Fig. 3.5 Ductal adenocarcinoma. (a-b) CT study: typical
appearance of a pancreatic ductal adenocarcinoma, pre-
senting hypovascular in comparison to the adjacent pan-
creatic parenchyma at pancreatic (a) and venous (b)
dynamic phases. (c—f) US study: round-shaped hypoechoic
mass (c) located in the pancreas resulting stiff (black in d,

red in e) due to the rich desmoplastic stroma in the elasto-
gram. At color Doppler analysis (c¢), no Doppler signal is
visible within the lesion according to the very low vascular
density of the neoplastic tissue. At the quantitative ARFI
elastography, a velocity value of 1.66 m/s is detected (f)
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Fig. 3.6 Ductal adenocarcinoma. (a) CT study: study
demonstrates a round-shaped lesion hypovascular on pan-
creatic (a) phase located in the pancreatic head. (b—f)
Conventional US study: round-shaped hypoechoic mass
(b) located in the pancreatic head resulting stiff (red in c,

Val=2,07 mis
Profondita=4.2 em

black in d) due to the rich desmoplastic stroma in the elas-
togram. At the quantitative ARFI elastography, high
velocity value (4,26 m/s in e) is confirmed within the
lesion in respect to the pancreatic body parenchyma
(2,07 m/s in f)
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WVel=2,34 mis
Profondith=4.6 em

Fig. 3.7 Ductal adenocarcinoma. (a) CT study: study
demonstrates a round-shaped lesion hypovascular
hypodense on pancreatic (a) phase located in the pancre-
atic body. (b—f) Complete US study: round-shaped
hypoechoic mass (b) located in the pancreatic body. At
CEUS the lesion typically shows markedly hypovascular

Vel=1B88 m/s
Profonditd=5.6 cm

pattern (c). The lesion results stiff (red) due to the rich
desmoplastic stroma at the previously performed elasto-
graphic study (d), and at the quantitative ARFI elastogra-
phy, high velocity value (2.34 m/s in e) is confirmed in
respect to the pancreatic body parenchyma (1.86 m/s in f)
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Fig. 3.8 Ductal adenocarcinoma. (a—d) US study: round-  (1.41 m/s in d). (e—f) Dynamic CT: study demonstrates a
shaped hypoechoic mass (a) located in the pancreatic round-shaped lesion hypovascular hypodense on pancre-
head resulting stiff (black) due to the rich desmoplastic  atic phase (a) located in the pancreatic head that is in strict
stroma in the elastogram (b). At the quantitative ARFI  contact with superior mesenteric vein, better visible in
elastography, high velocity value (2.79 m/s in ¢) is con-  venous phase (f)

firmed in respect to the pancreatic body parenchyma
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Fig. 3.9 Mucinous producing pancreatic ductal adeno-
carcinoma. (a—b) Dynamic CT: study demonstrates a
mass hypodense on pancreatic phase (a) located in the
pancreatic head. The lesion is in strict contact with supe-
rior mesenteric vein, better visible in venous phase (b).
(c—f) US study: round-shaped hypoechoic mass (calipers
in ¢) located in the pancreatic head with no vascular flow

Val=4,88

BB mia
Profonditd=4.7 cm

signals at color Doppler study (d) resulting stiff (red) due
to the rich desmoplastic stroma in the elastogram (e). At
the quantitative ARFI elastography, high velocity value
(4.88 m/s in f) is confirmed. Coronal reconstruction CT
(g) clearly demonstrates the dilation of the Wirsung duct
and the common bile duct (double duct sign) caused by
the tumor in pancreatic head
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Fig. 3.10 Ductal adenocarcinoma. (a—-d) US study:
hypoechoic round-shaped lesion (a) with blurred margins
located in the pancreatic neck resulting stiff (red) due to
the rich desmoplastic stroma in the elastogram (b). At the

Vel=0,90 mia
Profondita=4.3 cm

quantitative ARFI elastography, high velocity value
(1,28 m/s in ¢) is confirmed in respect to the pancreatic
body parenchyma (0,90 m/s in d)

Fig. 3.11 Pancreatic ductal adenocarcinoma with cystic
cavity. (a—d) US study: complex solid and cystic mass (a)
in the pancreatic head. Solid component results stiff (red
in b and black in ¢) due to the rich desmoplastic stroma in

Vel=3,10 mia
Profonditd=7.5 cm

the elastogram. At the quantitative ARFI elastography,
high velocity value (3,10 m/s in b) is confirmed within the
solid lesion portion
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Vel=0.77 mis

Vel=3,13 m/s . : A
Profondita=4,3 cm 5 = p Profonditad=4,3 cm

Fig. 3.12 Anaplastic carcinoma. (a) CT study: pancre- in ¢ and blue-green in d) due to the central necrotic area in
atic mass appearing hypovascular hypodense on pancre- the elastogram. At the quantitative ARFI elastography, a
atic (a) phase with central evident avascular necrotic area. ~ velocity value of 3.13 m/s is detected in the solid viable
(b—f) Ultrasound study: in the pancreas an round-shaped part of the lesion (e), whereas a velocity value of 0.77 m/s
mass markedly hypoechoic (b) on conventional ultra- is detected in the necrotic component of the lesion (f)
sound is visible. It results moderately soft (slightly black
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Fig. 3.13 Neuroendocrine pancreatic tumor. (a—d) US
study: typical US presentation of neuroendocrine pancre-
atic tumor (NET) as a well-demarked homogeneous
hypoechoic mass (a) located in the pancreatic body result-
ing stiff ( black in ¢, yellow-green in d) in the elastogram.
At the color Doppler examination, the lesion shows a pro-

i Vel=4,22 m/
l Profondita=4,5 cm

nounced “spot” pattern (a). At the quantitative ARFI elas-
tography, a velocity value of 4.22 m/s is detected (b). (e—f)
CT study: solid mass of the pancreas isodense (e) in the
baseline study and hypervascularized on pancreatic (f)
phase in comparison to the adjacent pancreatic
parenchyma
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Fig. 3.14 Neuroendocrine pancreatic tumor. (a, ¢, e) CT
study: solid mass of the pancreatic body slightly hyper-
dense in the arterial phase (a) and hyperdense on pancre-
atic (c¢) phase in comparison to the adjacent pancreatic
parenchyma. During the venous phase, the lesion appears

slightly hyperdense (e). (b, d, f) US study: typical US pre-
sentation of neuroendocrine pancreatic tumor (NET) as a
well-demarked homogeneous hypoechoic mass (b) result-
ing stiff due to the rich desmoplastic stroma in the elasto-
gram (red in d and black in f)
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Vel=4,47 mis
Profondita=3.7 em

Fig.3.15 Autoimmune pancreatitis. (a—b) CT study: dif-
fuse form with slightly enlargement of pancreatic head
isodense on basal (a) and pancreatic (b) phases. Presence
of biliary endoprothesis but no dilation of main pancreatic
duct. (e—f) Complete US study: diffuse form of autoim-
mune pancreatitis appearing as diffuse enlargement with

typical “sausage” shape of pancreatic gland slightly
hypoechoic on conventional ultrasound (c). The gland
resulting stiff (slightly black) in the elastogram (d). At the
quantitative ARFI elastography, high velocity value
(4.47 m/s in e) is confirmed (e). At CEUS all part of gland
result isovascular (f)
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Fig. 3.16 Paraduodenal (groove) pancreatitis. (a—b) CT
study: study demonstrates an enlargement of pancreatic
head resulting hypovascular and hypodense due to chronic
inflammation on pancreatic phase (a) with some calcifica-
tions and small cysts within the mass. In addition, there is
a thickening of duodenal wall. Coronal reconstruction on
venous phase shows a mass causing dilation of Wirsung

Val=2 84 mis

mis
| | Profondita=2.1 cm
«

duct. (c—e) US study: hypoechoic and heterogeneous mass
located in the pancreatic head causes dilation of Wirsung
duct and resulting stiff (black in ¢ and red in d) in the
elastogram due to the rich fibrotic tissue. At the quantita-
tive ARFI elastography, high velocity value (2,94 m/s in
e) is confirmed
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Fig. 3.17 Pancreatic adenocarcinoma with metastatic ~ (b) phase. (c—f) US study: round-shaped hypoechoic nod-
spread. (a-b) CT study: hypodense mass in the pancre- ules (c, e) located in the right lobe of the liver resulting
atic (a) phase located in the tail of the pancreas. Liver  stiff (red) in the elastogram (d, f)

metastases are visible as hypodense lesions in the venous
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Str. Ratio
Strain Ratio

25.9 mm

Fig. 3.18 Ductal adenocarcinoma (a, b). EUS elasto-
sonographic study shows a hypoechoic lesion in the head
of the pancreas with a homogeneous blue pattern sur-
rounded by normal green parenchyma (a), a mass elastic-

ity of 0.46 % with strain ratio of 50 at semiquantitative
study (b). (¢) E-CEUS study. After infusion of echo-
graphic contrast, the lesion appears hypovascularized (c)
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Fig.3.19 Ductal adenocarcinoma. (a—d)
EUS study. Hypoechoic pancreatic mass
with irregular margins in B-mode EUS
imaging (a) infiltrating splenomesenteric
venous confluence with Doppler signal
(b). With qualitative EUS,
elastosonography adenocarcinoma shows
a homogeneous blue pattern (¢) and
appears hypovascular after injection of
contrast (d)
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Fig.3.20 Neuroendocrine tumor. (a—f) EUS study. B-mode image shows a small incidentally hypoechoic solid mass
(a) with a peripheral vascularization at the fine flow Doppler signal (b). Qualitative elastosonographic study shows a
mixed blue-green pattern (¢) with a strain ratio and a mass elasticity of 0.45 and 0.12 %, respectively (d). The typical
rapid intense enhancement in early phase after injection of contrast (e) and adequate fine needle aspiration (f) is defini-
tively diagnostic
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Fig.3.20 (continued)
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Str. Ratio
Strain Ratio

Fig. 3.21 Neuroendocrine tumor. (a—c) EUS study. A  blue pattern at qualitative EUS elastography and a strain
little hypoechoic mass in uncinate process inside the pan-  ratio of 0.75 at semiquantitative study (b). At E-CEUS,
creatic parenchyma (calipers in a) with a homogeneous lesion is isovascular with adjacent parenchyma (c)
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Fig.3.22 Solid pseudopapillary tumor. (a—c) EUS study.
B-mode image shows a dishomogeneous hypoechoic
solid lesion of pancreatic gland (a). The ROI (region of
interest) of elastosonographic study includes both the

lesion and normal surrounding tissue, and the color map
shows stiffer tissue (homogeneously blue) in the lesion
(b). The dynamic study shows an inhomogeneous vascu-
larization (¢)
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Fig.3.22 (continued)
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Kidney

Costanza Bruno, Alessandra Bucci,
Valentina Ciaravino, Giorgia Tedesco,
Alessandro Sarno, and Emilio Quaia

4.1 Introduction

Kidney evaluation using elastographic technique
has been very challenging from the beginning,
giving often conflicting results. A clue to under-
stand this can come from the analysis of the many
factors which can influence ARFI measurements.
Many of them are shared with other target tis-
sues, while others are peculiar of the kidney, the
most important being related to its anatomical
organization [1].

The kidney is a highly anisotropic organ, where
anisotropy reflects the direction dependence of
some properties that some organs demonstrate.
Particularly, the medulla (where Henle loops and
vasa recta are parallel to each other, all being
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oriented from the capsule to the papilla) is very
different from the cortex, mostly occupied by
glomeruli and by convoluted proximal and distal
tubules, being approximately spherical in shape. It
means that when a US beam is sent parallel to a
renal segment, it generates SW traveling perpen-
dicular to the medullary structures, thus encoun-
tering multiple interfaces and thus decreasing their
speed of propagation; on the contrary when an US
beam is sent perpendicularly to Henle loops and
vasa recta, it originates SW traveling parallel to
these structures and meeting few interfaces; this is
reflected by higher SW; in an experimental [2]
model obtained using Supersonic Shear Wave
Elastography, the mean variation of the apparent
shear modulus due to the medullary anisotropy
was 31.8 % which is very similar to the 40 % frac-
tional anisotropy demonstrated using diffusion
MRI [3]. Besides anisotropy other elements
closely related to its physiology can affect kidney
evaluation by means of ARFI.

In the same experimental model [2], a linear
relationship between the increasing of urinary
pressure induced by ligation of the ureter was
demonstrated. Changes in the arterial and venous
fluxes were also found to induce modifications in
the SWV; particularly occlusion of the renal
artery caused their decrease and ligation of the
renal vein caused their increase.

The same results were found using a differ-
ent experimental model [4], particularly when
considering two different conditions: ure-
ter obstruction and renal vein occlusion. The

81

D.-A. Clevert et al. (eds.), Atlas of Elastosonography, DOI 10.1007/978-3-319-44201-3_4


mailto:clgbruno@gmail.com
mailto:costanza.bruno@ospedaleuniverona.it
mailto:equaia@ed.ac.uk

82

C.Brunoetal.

degree of fibrosis was significantly different
when compared with normal kidneys; fibrosis
induced by ureter obstruction was lower than
fibrosis induced by renal vein occlusion. SWV
was positively correlated with this histologic
finding.

Besides these elements, strictly correlated to
the target, also all the other factors generally
influencing the propagation of the SW must be
taken into account when evaluating the kidney
using ARFI, particularly compression — which is
crucial when evaluating the superficial trans-
planted kidneys [5]. Being so, an accurate and
standardized technique must be used, in order to
reduce the variability of measurements.

Since urinary stasis induced by bladder reple-
tion can modify the data, the exams should be
performed after micturition, with the ROI paral-
lel to the main US beam and completely included
in the cortex (which can be difficult to be obtained
when the cortical thickness is reduced, since the
dimensions of the ROI are fixed) and — to reduce
the effects of anisotropy — with the same axis of
the pyramids; this can be easily obtained at the
middle third in the sagittal scan.

A relationship is described between the fre-
quency of the probe and the SWYV [6]. Therefore,
attention must be paid in order to use always the
same (i.e., high-frequency probe, 6 MHz, when
evaluating children, and low-frequency probes —
4 MHz - when evaluating adults) in order to
obtain comparable results.

There is no consensus about position, some
authors using the prone position [7, 8], some the
lateral one [9], and some the supine one [10, 11].

4.2  Healthy Kidney

As a consequence of the many elements affecting
ARFI evaluation of the kidneys, the first reports
found a vast difference in the SWV of healthy
adults [12]. After standardizing the technique,
these differences were gradually reduced [9],
with a strong agreement between the operators,
concluding that ARFI can be considered a useful
tool in the evaluation of kidneys.

AREFI values are lower in children and gradu-
ally increase with age, most notably in children
under 5 years of age [10].

Possible applications of ARFI to the kidneys
include evaluation of diffuse and focal disease.

4.3 Diffuse Disease

After the good results obtained in the liver evalu-
ation using ARFI, an extension to the evaluation
of the kidney was postulated, on the basis that a
hypercellular, high-grade interstitial fibrosis
leading to a progressive loss of functioning neph-
rons is the cause of chronic kidney disease. As
already said also experimental models support
this approach.

A noninvasive approach to chronic kidney
disease was ever more needed because both
morphological US parameters (i.e., renal size,
cortical thickness, and pelvis diameter) and
arterial resistive index evaluated with color
Doppler can only approximately quantify the
extension and the degree of the damage [13, 14].
This makes renal biopsy often necessary and
scintigraphy with dimercaptosuccinic acid
labeled with technetium-99m (99mTc-DMSA)
(a procedure associated with a certain amount of
radiation exposure) recommended by the cur-
rent guidelines in the evaluation of some pediat-
ric forms [15].

4.3.1 Renal Allografts
The results are very controversial.

In a pilot study, Arndt showed that parenchymal
stiffness evaluated using transient elastography
was related with interstitial fibrosis [16]; a good
correlation of the cortical stiffness with the global
histological deterioration was demonstrated using
Supersonic Shear Wave Elastography [17, 18].

A significant correlation of SWV values with
the estimated glomerular filtration rate with 72 %
sensitivity and 86.5 % specificity in the diagnosis
of allograft dysfunction was found by He et al.
[19]; kidneys with acute allograft rejection showed
slightly lower SWV than those with chronic
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allograft nephropathy; a higher mean SWV value
was found in patients with lower eGFR (<50
vs.>—50 ml/min).

On the other hand, Syversveen et al. found
that ARFI cannot detect allograft fibrosis [20],
with a mean decreasing trend of SWV from lower
to higher degrees of fibrosis, and similarly Gao
et al. [21] reported higher values of stiffness in
patients with <25 % of fibrosis than patients with
>26 % of fibrosis.

4.3.2 ChronicDisease

As for the evaluation of chronic allografts also
when considering chronic kidney disease, the
findings are very controversial, probably reflect-
ing problems in the standardization of the exams.

Wang reported no correlation between the
degree of fibrosis and SWYV in 45 patients — most
of them affected by IgA nephropathy [22]. Other
authors [23] found that a progressive reduction of
the SWV was associated with an increase of the
CKD stages and with a decrease of the GFR; this
can be explained by a progressive reduction of
the renal blood flow due to nephroangiosclerosis
which could affect the SWV more than tissue
fibrosis does. The same results were found when
considering patients with chronic kidney disease
related to diabetes mellitus. ARFI was found able
to distinguish between the different diabetic
nephropathy stages, except for stages [5]; also in
this subgroup, an inverse relationship between
ARFI values and GFR was found [24].

This finding is consistent with Gennisson’s
experimental findings demonstrating a SWV
reduction after ligation of the renal artery.

4.4  Pediatric Evaluation
Evaluating pediatric kidney is particularly chal-
lenging, due to the need and the difficulty of
breath holding in children. The main applications
are in the workout of chronic disease and in the
managing of renal damage in hydronephrosis.

In children under 2 years of age with pelvis
dilation, SWV was found higher in kidneys with

high-grade hydronephrosis compared with nor-
mal kidneys [25] although ARFI was not able to
distinguish between obstructive hydronephrosis
and nonobstructive hydronephrosis [26].

Nevertheless a relationship between the type
of obstruction and SWV was found; children
with chronic kidney disease related to obstructive
uropathy had higher ARFI values than children
with chronic kidney disease due to nonobstruc-
tive uropathy. In children with monolateral dis-
ease, the contralateral seeming healthy kidney
was characterized by higher SWV than healthy
controls [27].

4.5 Focal Disease

Preliminary studies were published about ARFI
evaluation of renal masses and particularly the
differentiation between benign and malignant
ones.

After the first attempts to evaluate renal
tumors in order to obtain additional informations
about the nature of the lesions [28], more stan-
dardized studies were performed.

As demonstrated in other organs, cysts are
characterized by low SWV.

In a large cohort of patients [29], a statisti-
cally significant difference was found between
renal cell carcinomas and angiomyolipomas;
with a cutoff point of 1.87 m/s, the sensitivity
and specificity were 47.5% and 33.2%.
Oncocytomas — which often can create problems
in the differential diagnosis with RCCs, being
hypervascular too — are characterized by lower
SWV.

When considering the different subtypes of
RCCs, the SWV of the clear cell renal cell car-
cinomas was significantly higher than the SWV
of the papillary renal cell carcinomas, chromo-
phobe renal cell carcinomas, and angiomyolipo-
mas [30].

Given the fixed dimensions of the ROI (1 cm
x 0.5 cm), a correct evaluation of an inhomoge-
neous mass or of a cystic lesion is particularly
difficult because it is necessary to avoid the
necrotic/cystic areas in order to obtain
reproducible results.
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4.6 Image Gallery

Fig.4.1 ARFI values
in kidneys are deeply
affected by many
elements. One of them
is the anatomical
architecture. In fact
they are lower in the
renal sinus (a) where
the vascular elements
are predominant and
where the SW meet
more interfaces and
higher in the cortex (b)
where anisotropy plays
a major role
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Fig.4.2 The most
important element
which influences the
SWYV in the kidneys is
anisotropy. In fact the
SWYV is lower when the
US beam is parallel to
the pyramids (a)
because the SW travel
perpendicularly to the
Henle loops, thus
meeting many
interfaces. The SWV is
higher when the US
beam is perpendicular
(b) to the pyramids
because the SW are
parallel to the Henle
loops
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Fig.4.3 According to
many reports, SW is high
in the first stages of CKD
(a) and gradually
decreases (b, ¢) probably
because of the progressive
degeneration of the
parenchyma
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Fig.4.4 Posttraumatic cyst communicating with calices and characterized by low SWV. Pure fluids are characterized

by XXX values

Fig.4.5 Angiomyolipoma
is a lesion composed by
smooth muscles, fat
elements, and vessels.
CEUS can depict the
architecture of the large
and convoluted vessels (a),
while ARFI can show the
low values characteristic of
fat (b)
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Fig.4.5 (continued)

Fig.4.6 Oncocytomas
are highly vascularized
too, with a central scar (a)
which can be misunder-
stood for necrosis. ARFI
can help in the differential
diagnosis because the
SWYV are lower (b)
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Fig.4.7 Clear cell renal
cell carcinomas are
characterized by a highly
vascular pattern (a) which
can be easily depicted by
CEUS:; in many cases they
exhibit an ARFI pattern
characterized by high
SWV (b)
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Fig.4.8 (a) The
evaluation of a complex
cyst is very difficult
because the dimensions of
the ROI are fixed, and it
must be completely
included in the lesion in
order to obtain correct
measurements. In this
example the ROI is placed
in the solid portion of a
cystic papillary RCC and
the SWV are far different
(b) from the values
obtained in clear cell renal
cell carcinomas and in
oncocytomas

Mappa D
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Elastography of the Breast

Dirk-André Clevert

The use of ultrasound in addition to mammogra-
phy in breast screening has been shown to
increase the detection rate of breast cancer, espe-
cially in women with dense breast parenchyma,
to 4.2 cancers per 1000 women screened.
However, its low specificity and low positive pre-
dictive value (PPV) remain an unavoidable limi-
tation of this method [1, 2]. Besides interpretive
criteria that take into account factors like mass
margins, shape, orientation and effects on the
surrounding, colour Doppler sonography and
strain elastography, also known as strain elastog-
raphy, have been introduced to further character-
ize masses of the breast. Colour Doppler
sonography has shown a sensitivity of 68.0—
91.2 % and a specificity of 92.7-95.0 % in differ-
entiating malignant breast masses from benign
lesions by visualizing the presence and morphol-
ogy of blood vessels [3-7]. Strain elastography,
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which is an imaging modality that measures tis-
sue stiffness, shows better specificity in distin-
guishing benign from malignant solid breast
lesions (41.0-98.5 %) than B-mode sonography
alone and has become a routine tool during the
last years. Three different modes of elastography
are currently available. Free-hand ultrasound
elastography, also known as strain elastography,
which is based on comparison of signals acquired
before and after tissue displacement due to man-
ual compression, is the most common method to
date, whereas more recent elastography tech-
niques such as acoustic radiation force imaging
(ARFI) and shear wave elastography (SWE) offer
the possibility of an objective and operator-
independent quantitative measurement of tissue
elasticity. Additionally, the possibility of differ-
entiation between solid masses and cystic lesions
has been shown in several studies [7-14].
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5.1 Image Gallery

Fig.5.1 Ultrasound
images of a 57-year-old
woman. B-mode
sonography indicates an :
ovoid to round hypoechoic ED=06gem
lesion with a maximum

diameter of 0.6 cm. The
diagnosis was a focal fatty .
tissue area of the breast

Fig.5.2 Colour Doppler
sonography does not
indicate an increased
vascularity of the lesion
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Fig.5.3 VTIQ velocity
colour overlay displayed
relative shear wave

velocities according to the
4+ Vs=1.67 mi/s

adjacent colour spectrum, Depth=0.8 em™
: 3 Vs=1.87 m/s

reid areas corresponding to Depth=0.5 cm

higher values and blue ¢ Vs=2.14 m/s

|, Depth=0.5 cm"

areas corresponding to
lower values. Increased
shear wave speed relates to
increased tissue stiffness.
Shear wave velocity was
measured in the lesion
v=1.67 m/s and in the
surrounding tissue level
between v=1.87-2.14 m/s

Fig.5.4 Same lesion as
Fig. 5.3. The VTIQ quality
map is used to confirm that
shear wave formation was
adequate and to identify
regions where shear wave
velocity measurements
may be artificially low due
to poor shear wave signal
quality. Here the VTIQ
quality map shows all of
the breast tissue and the
lesion coloured green, an
indicator of reliable shear
wave velocity
measurement
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Fig.5.5 Same lesion as
Figs. 5.3 and 5.4. VTIQ
displacement mode showed
areas of poor lesion
deformation displayed as
dark blue in comparison to
good displacement
displayed in bright blue

Fig.5.6 InVTI
elastography mode, the
lesion appears grey,
indicating an intermediate
stiffness of the lesion
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Fig. 5.7 Strain
elastography shows a
mixture of green and blue,
indicating a lesion of
intermediate stiffness in
comparison with the
surrounding tissue

Fig.5.8 Ultrasound
images of a 43-year-old
woman. B-mode
sonography indicates a
hypoechoic mass with
angular margins. The
histological diagnosis
proven by core needle
biopsy was of an invasive
ductal carcinoma
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Fig.5.9 Colour Doppler
sonography indicates an
increased vascularity of the
lesion

Fig.5.10 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the lesion v=6.79—

7.03 m/s and in the
surrounding tissue level
between v=1.90-2.24 m/s

+ Vs=7.03 m/s
Depth=1.1 cm
X Vs=6.79 m/s
Depth=0.9 cm
+ Vs=High
»+ Depth=0.8 cm
<+ Vs=1.90 m/s
Depth=1.5 cm
HVs=2.24 m/s
Depth=0.6 cm
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Fig.5.11 Same lesion
as Fig. 5.10. Using the
VTIQ quality map, all
of the breast tissue and
the lesion are coloured
in green, indicating the
high quality of
generated shear wave
velocity measurements

Fig.5.12 Same lesion as
Figs. 5.10 and 5.11. VTIQ
displacement mode showed
a low deformation of the
lesion displayed as dark
blue in comparison to good
displacement of the
surrounding tissue as
displayed in bright blue
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Fig.5.13 In VTI
elastography mode, the
lesion appears black and is
much larger in comparison
to the lesion size seen on
B-mode, indicative of a
very stiff lesion

Fig.5.14 In VTQ mode,
the shear wave speed

velocity was measured in
the lesion with a velocity : e
of v=5.40 m/s Depth=1.3 cm
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Fig.5.15 In strain
elastography, the lesion
appears black and is larger
in comparison to the
B-mode, indicative of a
very stiff lesion

Fig.5.16 Ultrasound
images of a 65-year-old
woman. B-mode
sonography shows a round
hypoechoic lesion with a
maximum diameter of
1.1 cm. The histological
diagnosis proven by core
needle biopsy was of
ductal carcinoma in situ
(DCIS)
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Fig.5.17 Colour Doppler
sonography indicates
moderate vascularity of the
lesion

Fig.5.18 VTIQ
velocity colour overlay
displayed relative shear
wave velocities
according to the adjacent
colour spectrum, red
areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear
wave velocity was
measured in the lesion
v=3.67-7.10 m/s and in
the surrounding tissue
level between
v=1.93-2.31 m/s

+ Vs=7.10 m/s
Depth=1.2 cm
# Vs=6.37T m/s
Depth=1.2 cm
+ Vs=3.67 m/s
+« Depth=1.6 cm
© Vs=2.31m/s
Depth=1.0 cm
w Vs=1.93 m/s
Depth=1.8 cm
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Fig.5.19 Same lesion as
Fig. 5.18. Using the VTIQ
quality map, most of the
breast tissue and the lesion
are coloured green with
some parts of the lesion
coloured yellow, indicating
a good quality of generated
shear waves

Fig.5.20 Same lesion as
Figs. 5.18 and 5.19. VTIQ
displacement mode showed
a low deformation of the
lesion displayed as dark
blue in comparison to good
displacement of the
surrounding tissue
displayed in bright blue
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Fig.5.21 InVTI
elastography mode, the
lesion appears as black and
is much larger in VTI-
mode in comparison to the
B-mode, indicative of a
very stiff lesion

Fig.5.22 In VTQ mode,
the shear wave
measurement in the centre
of the lesion is displayed
as X.XX m/s. This result is
likely caused by the
heterogeneity of the lesion
(as indicated in Fig. 5.18),
making a large single point
measurement unobtainable.
VTIQ is recommended in
these cases where a
measurement cannot
reliably be made with VTQ
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Fig.5.23 In VTQ mode,
the shear wave speed was
measured in the
surrounding tissue with a
velocity of v=2.13 m/s

Fig.5.24 In the strain
elastogram, the lesion
appears black and is larger
in comparison to the
B-mode, indicative of a
very stiff lesion
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Fig.5.25 Ultrasound
images of a 55-year-old
woman. B-mode
sonography indicates a
hypoechoic lesion with
angular margins and
significant posterior
shadowing measuring a
maximum diameter of
2.1 cm. The histological
diagnosis proven by core
needle biopsy was invasive
ductal carcinoma

Fig.5.26 Colour Doppler
sonography does not
display increased
vascularity of the lesion
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= Vs=1.18 m/s

. Depth=2.2 cm

#Vs=2.36 m/s
Depth=2.1 cm

% Vs=1.92 mis
Depth=3.1 cm

< Vs=NA

. Depth=3.2 cm

Fig. 5.27 VTIQ velocity colour overlay displayed rela-
tive shear wave velocities according to the adjacent colour
spectrum, red areas corresponding to higher values and
blue areas corresponding to lower values. Shear wave
velocity was measured in the surrounding tissue v=1.18-
2.36 m/s. This is a classic example of the “red ring”
appearance of cancer VTIQ colour map shown as black in

Fig.5.28 Same lesion as
Fig. 5.27. Using the VTIQ
quality map, most of the
breast lesion is coloured
yellow and red which
indicates that the shear
wave velocity estimates in
these areas may be
unreliable or not possible.
The surrounding breast
tissue is coloured green
indicating a high-quality
generated shear waves and
is the most reliable area to
make the shear wave
velocity measurements

the centre of the lesion with no obtainable shear wave
velocity. This corresponds to the significant absorption
seen in the B-mode image (Fig. 5.25) and is where the
VTIQ information has dropped out due to the shear wave
signal-to-noise ratio (SNR) being too low for a measure-
ment to be made. Also see quality map in Fig. 5.28
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Fig.5.29 Same lesion as
Figs. 5.27 and 5.28. VTIQ
displacement mode shows
the central part of the
lesion displayed as black
which in this case indicates
that the shear wave signal
was not detected (as
indicated in Figs. 5.27 and
5.28), whereas the tissue
adjacent to the lesion is
displayed as dark blue
through to light blue as you
get further from the lesion
indicating moderate to
good tissue displacement
in the surrounding breast
parenchyma

Fig.5.30 In VTI
elastography mode, the
lesion has a black
periphery with a mosaic
appearance in the centre
and is much larger in
VTI-mode in comparison
to the B-mode, indicative
of a very stiff lesion
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Fig.5.31 In VTQ mode,
the shear wave
measurement in the centre
of the lesion is displayed
as X. XX m/s. This result is
likely caused by the
heterogeneity of the lesion
making a large single point
measurement unobtainable.
VTIQ, particularly in the
periphery of the lesion, is
recommended in these
cases where a
measurement cannot
reliably be made with VTQ

Fig.5.32 In the strain
elastogram, the lesion is
shown as blue and is larger
in comparison to the
B-mode, indicative of a
very stiff lesion
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Fig.5.33 Ultrasound
images of a 43-year-old
woman. B-mode
sonography indicates an
ovoid to round anechoic to
hypoechoic lesion with a
maximum diameter of

6 mm. The diagnosis was a
haemorrhagic breast cyst

Fig.5.34 Colour Doppler
sonography indicates no
vascularity in the lesion
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Fig.5.35 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the

: FVs=343mis
adjacent colour spectrum, Depth=1.3 cm
red areas corresponding to *# Vs=2.88 m/s

. Depth=0.9 cm
higher values and green ¢ Vs=2,92 m/s

+ Depth=1.0 cm

areas corresponding to
lower values. Shear wave
velocity was measured in
the lesion v=3.43 m/s and
in the surrounding tissue
level between
v=2.88-3.08 m/s

Fig.5.36 Same lesion as
Fig. 5.35. Using the VTIQ
quality map, most of the
breast lesion is coloured in
green and yellow — an
indicator of the reliable
quality of the generated
shear waves. The normal
breast tissue is coloured
green only indicating high
reliability of the shear
wave velocity estimations
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Fig.5.37 Same lesion as
Figs. 5.35 and 5.36. VTIQ
displacement mode showed
an intermediate
deformation of the lesion
displaying both dark blue
and bright blue colours

Fig.5.38 In VTI
elastography mode, the
lesion appears as a ring of
small black dots, with a
white centre, indicative of
a fluid-filled lesion
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Fig.5.39 In the strain
elastogram, the lesion
appears with bottom
artefacts in red and green,
indicating of a liquid lesion

Fig.5.40 Ultrasound
images of a 42-year-old
woman. B-mode
sonography of a silicon
breast implant
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Fig.5.41 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum.
Shear wave velocity was
measured in the silicon
breast implant v=2.82—
3.23 m/s and in the
surrounding normal breast
tissue level between
v=2.33-2.73 m/s

Fig.5.42 Same lesion as
Fig. 5.41. Using the VTIQ
quality map, the normal
breast tissue is coloured in
green indicating a high
reliability of shear wave
measurements. The
fluid-filled implant is
displayed in green, orange
and red colours indicating
unreliable or no shear wave
measurements possible

= Vs=2.82m/s |

Depth=1.3 cm
$Vs=3.23m/s |
. Depth=1.3 em
¢ Vs=2.33 m/s

3+ Depth=0.5 em

¢ Vs=273m/s |
Depth=0.5 cm

T —
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Fig.5.43 Same lesion as
Figs. 5.41 and 5.42. VTIQ
displacement mode showed
a mid-blue colour
indicating intermediate
deformation of the surface
of the implant VTIQ
displacement mode showed
an intermediate
deformation of the implant

Fig.5.44 In VTQ mode,
the shear wave speed was
measured in the implant,
the system displaying

y=XXX m/s. The result is IRt
X.XX because no shear v
waves are generated in the
liquid (silicon)-filled
implant. So a shear wave
estimation is not possible
in this area
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Fig.5.45 In VTQ mode,
the shear wave velocity
was measured in the
capsular of the implant as
v=6.89 m/s

Fig.5.46 In strain
elastography mode, the
capsule of the implant
appears red and is much
stiffer in comparison to the
adjacent breast tissue

Vs=6.88 m/s
Depth=1.0 cm

-
-

—
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Fig.5.47 Ultrasound
images of a 37-year-old
woman with a round
fibroadenoma,
histologically proven by
core needle biopsy.
B-mode sonography shows
a round, well-
circumscribed, hypoechoic
mass with hyperechoic
linear internal septa and
absence of posterior
shadowing, classified as
BI-RADS 3

Fig.5.48 Colour Doppler
sonography indicates
reduced vascularity
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Fig.5.49 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the lesion

v=1.92-2.34 m/s

Fig.5.50 Same lesion
as Fig. 5.49. Using the
VTIQ quality map, all
of the breast tissue and
lesion are coloured in
green, an indicator of
the high reliability of
the generated shear
wave measurements

Vs=2.05 m/s

Depth=1.3 cm
HVs=1.92 m/s
* Depth=1.8 cm
4 Vs=1.91m/s
Depth=1.2 cm
¢ Vs=2.34 m/s
Depth=1.8 cm
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Fig.5.51 Same lesion as
Figs. 5.49 and 5.50. VTIQ
displacement mode showed
a moderate deformation of
the lesion and the
surrounding tissue
displayed as light blue

Fig.5.52 In VTI
elastography mode, the
lesion appears grey,
indicating an intermediate
stiffness of the lesion. The
lesion has the same size in
the VTI-mode in
comparison to the B-mode
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Fig.5.53 In VTQ mode,
the shear wave velocity
was measured in the lesion,
the system displaying
v=1.08 m/s

Fig.5.54 In VTQ mode,
the shear wave velocity g

. Vs=2.00 m/s
was measured in the Depth=0.4 cm
surrounding tissue, the
system displaying
v=2.00 m/s
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Fig.5.55 The strain
elastogram shows a
mixture of red and green
colours, indicating a
moderately soft lesion. The
lesion has the same size in
the elastogram as in the
B-mode image

Fig.5.56 Ultrasound
images of a 41-year-old
woman with fibroadenoma
histologically proven by
breast surgery, classified as
BI-RADS 4a
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Fig.5.57 Colour Doppler
sonography indicates
moderate vascularity of the
lesion

Fig. 5.58 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the lesion

v=1.81-2.50 m/s
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Fig.5.59 Same lesion as Fig. 5.58. Using the
VTIQ quality map, all of the breast tissue and the
lesion are coloured in green, an indicator of the
high reliability of generated shear wave
measurements

Fig.5.60 Same lesion as
Figs. 5.58 and 5.59. VTIQ
displacement mode showed
a moderate deformation of
the lesion and the
surrounding tissue
displayed as light blue
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Fig.5.61 InVTI
elastography mode, the
lesion appears grey,
indicating an intermediate
stiffness of the lesion. The
lesion has the same size in
the VTI-mode as in the
corresponding B-mode

Fig.5.62 In VTQ mode,
the shear wave velocity
was measured in the
surrounding tissue, the
system displaying
v=0.59 m/s
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Fig.5.63 In VTQ mode,
the shear wave velocity
was measured in the lesion,
the system displaying
v=2.00 m/s

Fig.5.64 The strain
elastogram shows a
mixture of blue and green
colours, indicating a lesion
that is stiffer than the
surrounding tissue. The
lesion has the same size in
the strain elastogram as in
the corresponding B-mode
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Fig.5.65 Ultrasound
images of a 43-year-old
woman with smooth
macrolobulated
fibroadenoma
histologically proven by
breast surgery, classified as
BI-RADS 4a

Fig.5.66 Colour Doppler
sonography indicates
reduced vascularity
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Fig.5.67 VTIQ velocity

1 1 ispl = T
colour overlay displayed T

relative shear wave Depth=1.4 em
" : HVs=2.86 m/s
ve!ocmes according to the Deptiaz 060
adjacent colour spectrum, ¢ Vs=2.52 m/s
. Depth=1.4{cm
red areas corresponding to © V's=3.25 m/s pial
1 Depth=2.0/cm =
higher values anq blue BT Te T
areas corresponding to Depth=1.6/cm

lower values. Shear wave
velocity was measured in
the lesion

v=2.38-3.25 m/s

Fig.5.68 Same lesion as
Fig. 5.67. Using the VTIQ
quality map, almost all of the
breast tissue and the lesion
are coloured in green as an
indicator of the good
reliability of the generated
shear waves in those areas.
The areas of yellow indicate
that the shear wave estimates
may be unreliable in this
area (corresponding to the
black areas of non-detect-
able shear waves in

Figs. 5.67 and 5.69)
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Fig.5.69 Same lesion as
Figs. 5.66 and 5.67. The
mid-blue colour display of
the VTIQ displacement
mode indicates a moderate
deformation of the lesion
and the surrounding tissue

Fig.5.70 InVTI
elastography mode, the
lesion is coloured both
green and red, indicating
an intermediate and
increased stiffness in
comparison to the
superficial surrounding
breast tissue. The lesion is
the same size in the
VTI-mode as in the
comparison B-mode
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Fig.5.71 In VTQ mode,
the shear wave velocity
was measured in the right
side of the lesion, the
system displaying
v=2.01 m/s

Fig.5.72 In VTQ mode,
the shear wave velocity
was measured in the left
side of the lesion, the
system displaying
v=2.19 m/s
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Fig.5.73 The strain
elastogram shows a
mixture of red and green
colours, indicating a lesion
of intermediate stiffness.
The lesion has the same
size in the strain
elastography mode as in
the comparison B-mode
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Musculoskeletal

Teresa Cammarota, Armanda De Marchi,

and Simona Pozza

In recent years, elastosonography (ES) has
become an important application in the study of
the musculotendinous apparatus [1-4]; in fact,
this method permits both a qualitative and quan-
titative evaluation of the elasticity properties of
soft tissues and its alteration in traumatic lesions
and degenerative pathology. In the field of rheu-
matology, in particular, it adds a complementary
diagnostic element to the standard imaging
studies represented by ultrasound (US) and
magnetic resonance imaging (MRI). ES can
therefore be considered a tool which provides
additional and important information regarding
certain functional characteristics of musculoten-
dinous tissues.

When pressure is applied to a tissue surface,
the force of compression is transmitted to the
underlying tissue, producing a change in the
mechanical stress of the tissue which will vary
based on the tissue consistency: less change in
rigid tissue and more in elastic tissue.

The elastosonographic methods, differenti-
ated by modalities of force application to the tis-
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sue and modalities of measurement and
visualization of the tissue response, are of two
types: quantitative (shear wave imaging) and
qualitative (strain imaging).

Shear wave ES evaluates the velocity of the
transversal wave that is generated by the passage
of the excitation wave, expressed as a number
relative to the elasticity module.

Strain ES evaluates the deformation of the tis-
sue along the propagation axis of the beam by
means of analysis of the RF signal along each
line of scanning, with a color-coded representa-
tion of the information where, by convention, red
corresponds to elastic tissue, green to moderately
elastic tissue, and blue to rigid tissue.

Both methods are used for the study of muscu-
lotendinous structures, though strain ES allows
for a more immediate evaluation and better
adapts itself to the structures in the region of
interest.

In fact, it’s a peculiarity that muscles and ten-
dons have elastographic characteristics which
differ not only from region to region but also
based on the resting state or tension and/or con-
traction. Therefore, an elastographic study of
musculotendinous  structures is always a
dynamic-type study.

Furthermore, it’s important to be familiar with
the elastographic aspect of normal muscular and
tendon structures, both in the static and dynamic
phases, in order to recognize the variations
caused by different pathological conditions.
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Strain ES is performed with dedicated equip-
ment using a linear transducer with which man-
ual compressions and relaxations are applied in a
vertical direction with a homogeneous and
regular force which is quantified by an indicator
on the screen.

Visualization of the tissue under examination
occurs in real time using a double window on the
monitor, which allows evaluation of the aspect
both in basal condition and during elastosonogra-
phy, with scans done parallel and perpendicular
to the long axis of the tissue. The results are
shown in a chromatic scale where blue represents
maximum rigidity and red the maximum elastic-
ity, passing through intermediate values going
from light blue to green to yellow. This chromatic
box, partially transparent, is superimposed on the
basal ultrasound image, with the possibility to
sample in regions of interest (ROI) the values of
the ratio between pathological tissue and healthy
tissue, adding therefore a quantitative evaluation
to the exam.

Some authors use a “spacer” between the
transducer and the skin to make the pressure
exerted on the tissues more homogeneous and
regular and also to reduce artifacts, especially in
anatomical regions with irregular surfaces [3, 5].

Each tissue has, in normal conditions,
mechanical properties and therefore a character-
istic elasticity coefficient, which can undergo
change in pathological conditions.

ES can be indicated when the ultrasound study
is inconclusive, highlighting different elasticity
between healthy and pathological tissue, espe-
cially when confronted with pain symptom when
the ultrasound exam does not find any significant
morphostructural tissue changes.

Healthy tissue and pathological tissue can, in
fact, have the same echogenicity; it is this lack of
tissue contrast that doesn’t permit the recognition
of alterations in certain pathological conditions
[2,6].

In the musculoskeletal field, the preliminary
results in the study of tendinopathy and muscle
disorders are encouraging [4].

Tendinopathies are frequent in athletes, but
they are not easily treatable due to their multifac-
tor etiology [7].

The alterations that tendons undergo, regard-
ing both clinical findings, constituting thicken-
ing, and anatomopathological findings, are well
known [8].

Continuous microtrauma, overload, and vas-
cular alterations cause tissue damage which has
repercussions on the elasticity of the fibrillary
architecture [3].

ES has been used in some work groups to com-
pare the behavior of healthy tendons with patho-
logical ones in the rotator cuff, the elbow [9], and
the Achilles tendon [8, 10, 11], with satisfying
results in comparison to basal ultrasound.

Some authors have demonstrated that ES has
detected alterations of the elastosonographic
characteristics of tendons both in symptomatic
and asymptomatic patients [10, 11]; this finding
implies that this new method, combined with
basal ultrasound, can increase the diagnostic
accuracy given that it can detect alterations
very early.

Healthy tendons and, in particular, the Achilles
tendon, which is easy to study because of its size
and location, have an elastosonographic pattern
which is prevalently blue, expression of a certain
rigidity and scarce deformability [10, 11].

In geriatric patients, however, the Achilles
tendon has a prevalently green color with traces
of blue, while when it’s the site of tendinopathy,
the color is predominately red due to the reduced
consistency [4].

The supraspinatus tendon, according to the
same author, has an analogous chromatic pattern
in the same clinical conditions.

This finding has been confirmed by other
authors who compared elastosonographic find-
ings with those of magnetic resonance imaging
which is the gold standard, highlighting a good
sensitivity of ES [12].

ES has been used in the diagnosis of fatty
degeneration of the rotator cuff with similar
results also in this case with magnetic resonance
imaging [12], demonstrating a reduced elasticity
of the tendons in atrophy and providing useful
information regarding prognosis and treatment.

Interesting applications have emerged in the
study of synovial pathology where some authors
were able to differentiate inflammatory synovial
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pathology from infectious synovial pathology,
demonstrating a reduction in elasticity with pre-
dominant red color in areas with inflammatory
disease in comparison to infectious complica-
tions, which present as areas of greater consis-
tency with a green color [4].

An area of great interest is that of ES in the
study of muscle tissue in different pathological
conditions such as inflammation, trauma, and the
rarer congenital dystrophies [13, 14].

Normal muscle tissue presents a chromatic
pattern which is prevalently green. In this field,
the exam of choice is magnetic resonance imag-
ing, but the agreement that some authors have
found between this method and ES could, in the
future, lead to the substitution of MRI with ES
due to MRI’s limitations of claustrophobia, pace-
makers, surgical clips, and higher cost [15].

In our study we used ES in muscle lesions fol-
lowing direct and indirect trauma, at a time inter-
val of up to 6 months after the trauma, to allow
for healing time in widespread lesions.

The criteria of inclusion are the traumatic
event and pain.

We compared findings of basal ultrasound
exam, ES, clinical examination, and MRI, which
is considered the gold standard [16].

ES was able to demonstrate persistence of alter-
ations even when basal ultrasound became normal-
ized and allowed to correctly interpret the dynamics
of tissue repair and eventual complications in the
follow-up leading to the potential of the method to
indicate the correct therapy or to modify the ther-
apy enacted in order not to risk further damage.

The use of ES has also been extended to the
study of space-occupying lesions of the skeletal
muscle system in an attempt to characterize the
tissue: confronted with the poor attendibility of
the quantitative elastographic findings, the quali-
tative findings, expressed as a color-coded map,
are useful in differentiating benign forms from
malignant forms [17].

Preliminary studies of angiomatous lesions
and of neurofibromatosis have shown an ES color
pattern which is predominantly red for angiomas
due to their soft consistency and predominantly
green for neurofibromas due to their more rigid
tissue structure [4].

ES has also been evaluated for carpal tunnel
syndrome: the elasticity of the median nerve is
decreased in pathological conditions with a blue
chromatic pattern [18, 19].

ES has some limits; mainly it is operator
dependent and therefore difficult to reproduce the
findings; regarding this, it is indispensable to pay
attention to the indicative scales on the screen
during pressure application to the tissues during
the examination.

At present, the imaging of the mechanical
properties and of the elasticity of the tissues has
arrived at a high technical level of development
to make it clinically useful [20-22].

However, large-scale studies are necessary to
define the indications and the role of the method
in the diagnostic work-up of musculotendinous
pathology, either as an exam associated with the
basal ultrasound exam or as a substitute for less
comfortable and more costly exams.



136 T.Cammarota et al.

6.1 Image Gallery

Fig. 6.1 Grayscale longitudinal image (right) of normal  green color with scattered softer (red) areas near muscle
relaxed rectus femoris muscle. At sonoelastography (leff), boundaries (ribbed elastic appearance)
the muscle appears as a mosaic of intermediate stiffness

Fig.6.2 (a) Grayscale
axial scan (leff) of the
anterior rectus femoris
shows a normal muscle
aspect; at sonoelastogra-
phy (right), an altered
intrinsic elasticity with
intramuscular stiffer areas
(blue dot arrow) mixed
with softer ones (red dot
arrow) in patient with
anterior thigh pain without
trauma. (b) Contralateral healthy
healthy side. (c) MRI: side
SET2W and fat suppres-
sion images show a normal
muscle aspect
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Fig.6.2 (continued)

Fat suppression

BodyFull
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Fig. 6.3 (a) Grayscale axial images of the semimenbra-  presence of a red oblique area between the muscles means
nosus and semitendinosus muscle (right): a post-traumatic ~ a partial fluid collection. (b) Axial T2 W: fluid collection
intramuscular hyperechoic longitudinal area and corre-  well defined with MRI

sponding elastogram (left) in neutral thigh position. The
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Fig. 6.4 (a) Grayscale axial image (left): partial quadri-
ceps muscular rupture 10 days after trauma which appears
like a hypo-anechoic round area; on the right a very soft
aspect of the hemorrhage. (b) The contrast-enhanced US

(CEUS) evidences the muscular lesion like a black round
area without vascularization. (¢) The lesion after 1 month
appears stiff (green/blue) at sonoelastography due to the
reparative process
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Fig. 6.5 (a, b) Grayscale axial (a) and longitudinal (b)  collection and a soft aspect of the muscle because of
images of the rectus femoris muscle (left): a post-trau-  the hemorrhage. (¢) The MRI axial T2 fat suppression
matic intramuscular anechoic interfascial area. The image confirms the interfascial liquid and the intramus-
corresponding elastogram (right) in neutral thigh posi-  cular hemorrhage

tion shows a red soft area that means a fluid interfascial
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Fig.6.6 Grayscale longitudinal images (right) of rectus femoris detachment; at elastosonography (left) very soft aspect
of the hemorrhage in the distal portion of the muscle

FODT—=
DG~

Fat suppression

Fig. 6.7 (a) Axial grayscale (left) and sonoelastography  grayscale and blue like a stiff area at sonoelastography.
(right) scan in patient with a fibrosis scar of the medial (b) The MRI shows a fibrous tissue in SET2W and fat
gastrocnemius muscle: the lesion appears hypoechoic at  suppression images
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Fig. 6.8 Grayscale axial view (left) of the tibial anterior
muscle which appears hyperechoic in patient with trau-
matic denervation; at elastosonography (right) shows a

Fig.6.9 (a, b) Grayscale
longitudinal (a) and axial
(b) scan of fluid
homogeneous post-trau-
matic subcutaneous
collection in the anterior
tibial region on the left. At
the sonoelastography
(right), the collection
appears as a typical
red-green-blue aspect,
like a cyst lesion. (¢, d)
Coronal T2FS (¢) and
axial T2 (d) view confirm
the fluid collection

complex aspect characterized by an increase elasticity in
the superficial region and low elasticity in the deep por-
tion due to the fibrosis
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Fig.6.10 (a) Grayscale longitudinal image of the normal
anterior tibial tendon (right) and corresponding elasto-
gram (left) in neutral ankle position. The tendons appear
homogeneously stiff (green-yellow), with no distinct soft

(red) areas. (b) Grayscale longitudinal image of the nor-
mal Achilles tendon (left) and corresponding elastogram
(right) in extension position. The tendons appear homoge-
neously stiff (green/blue)

Fig.6.11 Post-traumatic hypoechoic subcutaneous area in grayscale (left), at sonoelastography soft aspect of the hem-
orrhage near the Achilles tendon that is normal (right)
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Fig.6.12 Grayscale longitudinal image of the anterior tibial
tendon (right) and corresponding elastogram (lef?) in neutral
ankle position. Clinically the patient had difficulty to dorsi-
flexion. The tendon appears enlarged and inhomogeneous in

grayscale with a prevalence of blue and green area with few
red spots in superficial portion during the elastography: soft
area alternating with areas of low elasticity which demon-
strate small partial-thickness tear in tendinosis

Fig. 6.13 Bis Longitudinal RTSE scan in patient with Achilles tendinopathy shows distinct superficial intratendinous
softening and blue areas of reduced elasticity in the medial and deep portion (right)
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Fig. 6.14 (a) Grayscale sonographic image reveals shows a hyperintensity area in the proximal insertion of
swelling and intratendinous hypoechogenicity in common  the common extensor tendon. (d) The elastosonography
extensor tendon origin in patient with lateral elbow pain.  reveals a diffuse red-coded area in symptomatic common
(b) Color Doppler sonographic image shows increased extensor tendon

vascularity epicondylitis. (¢) MRI T2 FS coronal view
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Fig.6.15 (a) Longitudinal
grayscale of the patellar
tendon: the tendon appears
thick and inhomogeneous
with a small calcification in
the proximal deep portion.
(b) At the elastosonography
the tendon reveals
homogeneous increased
elasticity in case of
tendinopathy. (¢) MRI
sagittal view T2FSW (d) and
TISEW (c) images shows
high signal intensity at the
enthesis due to tendinosis
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Fig.6.16 (a,b)
Grayscale longitudinal
plane of the plantar fascial
(a) and color (b). The
plantar fascia appears
ticked and hypoechoic in
the insertion, in the
intermediate and distal
portion without spots of
color. (¢)
Sonoelastography
evidences focused
softening of the plantar
fascia in the intermediate
region
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Fig.6.17 (a) Grayscale
longitudinal scan of
anterior tibial tendon old
rupture. (b, ¢) At
elastosonography reduced
elasticity of the tendon
with area of fibrosis (blue
areas) (b — transversal
view, ¢ — longitudinal
view)




6 Musculoskeletal

Fig.6.18 Flexor tendons
tenosynovitis in pregnant
woman who had onset of
pain. (a) US power axial
scan of flexor tendons in
the volar region of the
hand: an evident anechoic
area is visualized around
the tendons which are
increased in size as a
result of edematous
changes. (b) The anechoic
area appears at elasto-
sonography very soft and
means an abundant
effusion in the sheath
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Fig.6.19 Pigmented
villonodular synovitis
(PVNS). (a) Real-time
sonoelastography view
(right) and B mode image
(left) in 74-year-old
patient with pain and
swelling of the wrist.
Hypertrophied synovium
shows predominant firm
to soft nature, which is
represented by predomi-
nant red color with patchy
blue areas: (b) MRI
gradient echo in sagittal
plane confirms a
heterogeneous synovial
mass with decreased
signal intensity caused by
hemosiderin
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Fig.6.20 (a,b) US
grayscale longitudinal
view (a) and axial view
(b) show a heterogeneous
mass next to the bone in
tibial fracture in patient
with pain and fever. (c) At
elastosonography the
lesion appears almost
completely blue with a
small superficial
component of high
elasticity: the lesion was a
localized collection of pus
and inflammation
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Fig.6.21 Lymphangioma.
(a) Grayscale (left) shows
in the groin an oval-
shaped mass anechoic
between the fascia and
subcutaneous tissue; at
elastosonography (right),
the lesion shows a
cyst-like aspect (red-
green-blue). (b) The mass
evidences at CEUS a rich
vascularization because of
a lot of white spots inside.
(¢, d) MRI on axial SET1
and SET2W shows a
liquid multiloculated
mass with thin septa
inside

Fig. 6.22 Lipoma. Grayscale longitudinal images (leff)  the subcutaneous lipomas have a typical horizontally ori-
of a little elliptical subcutaneous mass parallel to the skin  ented striated pattern which is characterized as tricolor
surface hyperechoic relative to the adjacent muscle which  (blue, green-yellow, and red)

contains linear echogenic lines; at elastography (right),



6 Musculoskeletal 153

Fig.6.23 Real-time sonoelastography view (right) and B probably is related to differences of elasticity in masses
mode image (leff) of intramuscular lipoma; it has a mot-  that are embedded in a muscle compartment surrounded
tled appearance without the horizontal striations. This by fascia

Fig. 6.24 Sebaceous cyst. B mode image (left) in longi- shadowing at the edges; real-time sonoelastography
tudinal scan of subcutaneous mass, hypo-anechoic, inho-  (right) shows a stiff and moderate elasticity in the mass
mogeneous, with sharp margins and enhanced due to different content of the cyst

through-transmission deep to the lesion with refractive
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Fig. 6.25 Myxoid liposarcoma. (a) Longitudinal gray-
scale and color show an oval hypoechoic mass with regu-
lar edges and with some vessels inside. (b) The lesion
studied with CEUS evidences a rich heterogeneous vascu-
larization. (c¢) At sonoelastography in longitudinal view,

the mass appears almost completely stiff. (d) MRI SET1
coronal plane image after intravenous gadolinium admin-
istration shows nonenhancing tissue central with periph-
eral enhancement. (e) MRI SET2 axial plane image shows
a hyperintense lesion
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Fig.6.26 Dermatofibrosarcoma protuberans (DFSP). (a)  vessels. (¢) The biopsy procedure. (d) At elastosonogra-
US color shows a huge hypoechoic hynomogeneous mass ~ phy the lesion appears very stiff in the half deep portion
in the anterior region of the thigh with some vessels and with high elasticity in the other superficial part
inside. (b) At CEUS the mass appears completely full of
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Fig. 6.27 MRI image evidences a large exophytic DESP  intensity, a homogeneous enhancement after gadolinium
involving the skin, and subcutaneous fat of the medial injection (b), and high signal intensity on the long TR
anterior thigh shows in axial TIW image (a) low signal  images (c)
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Fig. 6.28 Neuroendocrine carcinoma. (a) Grayscale ficial region. (b) At CEUS the lesion shows some vessel in
axial view (left) shows a homogeneous hypoechoic mass  the middle region. (¢) MRI T1W axial image shows low
in the groin which at elastosonography (right) evidences a  enhancement of the lesion. (d) MRI T2 fat suppression
moderate elasticity with a layer of low elasticity in super- ~ shows inhomogeneous high signal
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Fig. 6.29 Giant cell tumor of tendon sheath (nodular hypoechoic lesion around the tendon. (b) Corresponding
tenosynovitis) in woman with a slightly painful finger elastosonography shows the lesion as a mosaic of various
mass. (a) Grayscale longitudinal view of the volar region levels of stiffness over the normal tendon which is blue
of the hand shows a lobulated and well-defined,
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Fig. 6.30 (a, b) Grayscale axial (a) and longitudinal (b)
view of the median nerve at the proximal carpal tunnel
level evidences the enlargement of the median nerve
cross-sectional area. The nerve is hypoechoic with a

reduced fascicular pattern. (¢, d) At sonoelastography in
axial (c) and longitudinal view (d), the nerve appears sig-
nificantly stiffer in patients with carpal tunnel syndrome
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FNAB Fine-needle aspiration biopsy
MNSR Muscle-to-nodule strain ratio
PNSR Parenchyma-to-nodule strain ratio
p-SWE Point shear wave elastography
ROI Region of interest

SE Freehand strain elastography

SR Strain ratio

SSI Supersonic shear imaging

SWE Shear wave elastography

SWS Shear wave speed

TI-RADS  Thyroid Imaging Reporting and
Data System

TSI Thyroid stiffness index

US Ultrasound

USE Ultrasound elastography

7.1 Introduction

Ultrasound elastography (USE) is used mainly to
improve ultrasound efficacy for the characteriza-
tion of thyroid nodules, e.g., detection of malig-
nancy, and less commonly for evaluation of
diffuse diseases, e.g., chronic thyroiditis. The
stiffness of the gland depends on the structural
properties of the matrix of tissues (cells, mem-
branes, extravascular matrix, microvessels),
whereas in conventional ultrasound (US), it is the
microscopic structure that determines reflectiv-
ity. Thus, elastography provides correlation with
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histologic tissue structure, enabling differentia-
tion of the normal gland from nodules and paren-
chymal diseases. Tissue stiffness is a feature that
reflects the nature of the thyroid nodule; neopla-
sia and inflammation alter the tissue composition
and structure and increase the stiffness [1, 2].

Thyroid nodules are ubiquitous in the general
population, encountered with a prevalence of
20-67 % and of about 50% in the individuals
older than 40 years of age. People affected by the
disease are mostly living in iodine-sufficient
parts of the world [3-6]. The incidence increase
is partly due to the widespread use of ultrasound
(US), and as most of these nodules are clinically
irrelevant during the lifespan of the individuals,
they are termed “incidentalomas” as incidentally
found during the US examination. Most of them
are hyperplastic nodules and not clinically rele-
vant neoplasms [7]. However, part of them are
malignant and/or become clinically significant
and even fatal for the individual [8-11] with a 2.4
times of increase in thyroid malignancy in the
last 30 years [11]. Multinodular thyroids have the
same likelihood of malignancy for each nodule as
the thyroid with a solitary nodule [12].

US examination, although accurate in the detec-
tion of the nodules, presents a discrete diagnostic
performance for the differentiation of benign from
malignant nodules [13] with sensitivity and speci-
ficity reported to range in the various studies
between 52 and 97% and 27 and 83 %, respec-
tively [14, 15]. US features that would prompt the
need for fine-needle aspiration biopsy (FNAB) are
microcalcification, marked hypoechogenicity,
taller-than-wide shape, and thick irregular or lobu-
lated margins [16, 17]. The American Thyroid
Association guidelines state that, in the cases with
normal thyroid-stimulating hormone level, FNAB
may be performed in nodules greater than 10 mm
[8, 15]. The currently evolving Thyroid Imaging
Reporting and Data System (TI-RADS) is attempt-
ing to standardize the description of signs and
eventual malignancy probability [8, 18, 19].

However, FNAB is mostly carried out in
benign nodules, due to the great prevalence of the
thyroid nodules in the population, with economic
costs and emotional implications for the patient.
The performance of this tool is not as high as nec-

essary, reported in various studies with a specific-
ity of 60-98% and sensitivity of 54-90%
[20-22]. Indeed repetition of FNAB procedure is
often requested.

As a consequence of limited diagnostic accu-
racy of US and FNAB, a significant number of
patients receive unnecessary thyroid surgery.
Considering that thyroid surgery implies inher-
ent risks, with costs, and complications, improve-
ment in the diagnosis of thyroid cancer is needed.

7.2  Thyroid Elastography
Ultrasound elastography (USE), which offers
elasticity assessment, can detect a firm or high
stiffness nodule which is a sign of thyroid malig-
nancy, mostly of the papillary cancer. More than
170 articles have been published on this topic,
and USE has recently been used as an additional
tool for thyroid nodule differentiation, in the
context of US and FNAB diagnostic algorithm.
USE in the thyroid is applied with the two dif-
ferent techniques, according to the type of com-
pression force utilized: the freehand strain
elastography (SE) and the quantitative method of
transducer-induced excitation with an acoustic
wave the pulse shear wave elastography (SWE).
SE is utilized with its qualitative variant and semi-
quantitative variant called the strain radio (SR)
elastography, whereas SWE measures the speed
of the shear wave generated; therefore, it can be
performed using the acoustic radiation force
impulse (ARFI) technology either in a small
region of interest (ROI) (point shear wave elastog-
raphy, p-SWE) or over a larger field of view using
color coding to visually display the stiffness val-
ues, also named two-dimensional shear wave elas-
tography (2D-SWE). A small ROI can be placed
at the site of interest during 2D-SWE and the stiff-
ness value is determined. In addition, some
2D-SWE can be performed in a real time such as
Aixplorer of SuperSonic Imagine or the Aplio
500 of Toshiba. There is also a thyroid-specific
variant of SE with no external pressure required,
called in vivo quasi-static elastography which
takes advantage of the pulsations of the carotid
artery and which induces the displacement neces-
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sary to assess thyroid elasticity. This technique is
applied with a semiquantitative evaluation.

7.2.1 International Guidelines
The guidelines of the European Federation of
Societies for Ultrasound in Medicine and Biology
(EFSUMB) [1] and the World Federation of
Societies for Ultrasound in Medicine and Biology
(WFUMB) [2], based on a systematic and
updated review of current literature, have pro-
vided clinical recommendations and limitations
of the USE in thyroid nodule evaluation.
Elastography is recommended as an additional
tool to conventional ultrasound for a better char-
acterization of thyroid nodules, especially to
guide follow-up of lesions previously diagnosed
as benign at fine-needle aspiration biopsy.
Regarding the techniques of USE applied in
the thyroid and their physical principles, the
reader can refer to these valuable resources for
detailed description, especially when facing the
variety of denominations of the manufacturers.
However, we would like to focus in this chapter
on the thyroid applications of the various USE
techniques, referring to the description of signs,
the current role of elastography in thyroid nodule
characterization, the results of literature reports,
practical advice with tips and tricks, and limita-
tions and pitfalls for each technique and variant.

7.2.2 Examination Technique

SE and SWE are performed with no patient prepa-
ration; a state-of-the-art ultrasound equipment that
supports elastography is required [1, 2], equipped
with a 12-15 MHz linear probe. During B-mode
US, thyroid nodules are identified and a region of
interest for elastography is selected [23]. For shear
wave elastography (SWE), some systems require
the use of a lower-frequency transducer (9 MHz). In
these cases, the high-frequency transducer should
be used to evaluate the B-mode findings, and the
lower-frequency probe is used to perform SWE [2].

The thyroid gland is superficially located and
the local anatomy is relevant for the USE exami-

nation. It is surrounded by a sheath derived from
the pretracheal layer of the deep fascia, which
attaches the gland to the trachea and the larynx.
Anterior and lateral to the lobes lie the strap mus-
cles (sternohyoid, sternothyroid, sternomastoid,
and omohyoid). Posterior and lateral are the com-
mon carotid arteries, internal jugular veins, and
vagus nerves. More medial and posterior to the
lobes are the larynx, trachea, esophagus, and long
muscles of the neck [24].

SE is somehow problematic in the case of a
superficial protuberant mass combined with sparse
overlying subcutaneous and deep cervical connec-
tive tissue, which produce difficulties in applying
a uniform freehand pressure over the entire region
of interest. On the other hand, lesions adjacent to
the carotid arteries have lateral displacements
from its pulsations, which can result in mistrack-
ing artifacts [1, 2]. For the latter, placement of the
transducer in the longitudinal plane parallel to the
long axis of the adjacent artery appeared to
improve the consistency, hence the quality of elas-
tograms [25]. The longitudinal scanning also
offers more thyroid gland as reference tissue.

7.2.3 Strain Elastography

Strain elastography defines the stiffness in the tis-
sues by calculating the change in length dimension
during compression and dividing it by the pre-com-
pression length. As it is not possible to measure the
external applied stress, quantification is not possible
[26] and strain elastograms only show relative stiff-
ness. The external stress in SE is the freehand com-
pression with the transducer. A few manufactures
have devised the use of the carotid artery pulsations
as compression force (quasi-static elastography).
Stress with the transducer is applied by uni-
form light compressions and decompressions on
the skin of the patient by oscillatory movements
of only a few millimeters [1, 2]. The elastogram
depicting the strain change in the ROI is dis-
played in a split screen with a side-by-side image
of the conventional B-mode and the respective
elastogram. An alternative display shows the
elastogram as a color overlay on the B-mode
image which is also denominated as real-time SE.
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The tissue stiffness is depicted in the elastogram
box in a continuum of colors from red through
green to blue, in order to depict soft (high strain),
intermediate (equal strain), and hard (no strain)
pattern respectively. A manufacturer uses, in his
system, a gray-scale display of strain in the ROI
box. The lack of color standardization between
brands of devices is still an issue with no estab-
lished color standard for stiff and soft, with some
manufacturers using an inverse color scale.
Furthermore, the user can customize the color in
the display preferences. The operator should
refer to the color coding that their US system
uses.

However, lately, most manufacturers (>80 %)
display stiff tissues in blue, soft tissues in red,
and the intermediate tissues in green and the
array of hues in between. This is also the color
coding we will refer to in this chapter.

To monitor the quality of the compression, SE
systems provide a color bar or scale to allow the
user to optimize the amount of external force
applied. An invalid compression as shown by the
indicator is discarded and repeated, and only the
optimal compressions are utilized as valid.

SE allows for a qualitative and a semiquantita-
tive assessment of elasticity.

7.2.3.1 Qualitative Strain Elastography
of Thyroid Nodules

On SE, classic benign nodules present as soft,
represented in the elastogram box as red or green,
and nodules suspicious for malignancy present as
hard (high stiffness), depicted in the elastogram
as a pattern of blues or mostly blues (stiff) [27—
31]. Scoring systems are devised in an attempt to
standardize the visual evaluation of strain and its
significance. Subjective scoring of the predomi-
nant color in a nodule, which originated from
breast nodule research, has been adopted for the
thyroid nodules [32, 33].

The method first reported by Itoh [32] uses a
5-point scale:

e Score 1: indicates deformity of the entire
lesion.

e Score 2: deformity of most of the lesion with
some small stiff areas.

e Score 3: deformity of the peripheral portion of
the lesion with stiff tissue in the center.

e Score 4: the entire lesion is stiff.

e Score 5: the entire lesion and surrounding tis-
sue are stiff.

When the nodule is scored between 1 and 3, it
is assigned benignity, whereas scoring 4 or 5 are
suspicious for malignancy. A large number of
studies have used this scoring system, finding the
score above 4 highly predictive for malignancy
[34, 35].

A similar scoring scale was developed by
Rubaltelli et al. [30] as follows:

e Score 1: homogenously soft

* Score 2: heterogenously soft

e Score 3A: mixed with peripheral stiff areas
e Score 3B: mixed with central stiff areas

e Score 4: homogenously stiff

For the Rubaltelli scale, scores of 1 and 2 are
indicative of benign nodules, and scores of 3 and
4, of malignant nodules, with higher scores hav-
ing a higher probability of malignancy [30].
Other authors have found that assigning benig-
nity to score 3 further increases the specificity of
the method for cancer detection [36].

Neither of the scoring systems appears to be
superior. The subjectively determined score com-
bined with the operator-dependent freehand com-
pression may contribute to interobserver
variability [27, 37, 38].

Some researchers have tested the utility of a
simplified two-pattern scoring system in which
combining the Itoh patterns as follows: score 1
defined less than 50 % blue meaning mainly soft
nodules and score 2 as more than 50% blue
related to mainly stiff nodules [39]. With the use
of this score, researchers found excellent sensi-
tivity and specificity [28].

7.2.3.2 Semiquantitative Strain
Elastography-Strain Ratio (SR)
Elastography

Semiquantitative measurements in SE are feasi-

ble by comparing the strain of the nodule to the

normal thyroid parenchyma or muscle. It is an
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automated generation in real time by the device
of a strain ratio (SR) when the operator places a
region of interest (ROI) in the normal thyroid
and a ROI inside the nodule; thus, a ratio is
acquired by dividing the strain of the normal thy-
roid parenchyma by that of the nodule [27, 40,
41]. As strain decays proportionally with the
depth investigated, it is necessary that the two
ROIs are positioned at the same or similar
depths, with a maximum difference in depth of
10 mm [42]. It is understood that the SR assess-
ment does not directly represent the elasticity
(i.e., Young’s modulus), but it does show how
much stiffer the nodule is in comparison to the
normal thyroid parenchyma with low SR refer-
ring to benign nodule as having little difference
in strain in comparison with the normal paren-
chyma and higher values above a cutoff are
related to malignancy [42].

The literature reports show with this tech-
nique very good results, however, with a range of
different cutoff values for SR, from 2 to 4 [27,
43-45], with no agreement being reached so far
on the critical cutoff point to differentiate
between benign and malignant nodules [45-49].
In a study, the best cutoff point was found at
4.22, which resulted in a sensitivity of 81.8 %,
specificity of 82.9 %, and accuracy of 88 % [36],
whereas another report, with a cutoff SR 3.79,
found sensitivity of 97.8% and specificity of
85.7 % [45], respectively. In the literature, cutoff
SR as low as 1.5 and as high as 5 were reported
as useful.

Some researchers have studied the distinction
between two types of SR: parenchyma-to-nodule
strain ratio (PNSR), which is the strain in the nor-
mal thyroid parenchyma divided by the strain in
the thyroid nodule, and the muscle-to-nodule
strain ratio (MNSR) defined as the strain in an
adjacent strap muscle divided by the nodule
strain [44]. No significant difference were found
between the PNSR and MNSR in the distinction
between benign and malignant thyroid nodules
which suggests that MNSR could be used in situ-
ations where PNSR could not be assessed, e.g.,
when a large nodule occupies the whole thyroid
gland or in the presence of abnormal thyroid
parenchyma (e.g., thyroiditis) [50].

7.2.3.3 Strain Elastography Using
Carotid Artery Pulsation

Few US systems are set up with software that
detects the strain in the thyroid induced by the
carotid artery pulsation SE. Similar to the SR, an
automated calculation of a semiquantitative mea-
sure, called elasticity index, is calculated [51].
The examination technique entails holding the
transducer motionless with slight contact to the
skin over the thyroid in the transverse scan plane,
and the carotid artery pulsations are the sole
strain inductors. The patient is asked to perform a
breath hold and strain data are obtained in about
3—4 s. The systolic push of the carotid artery
compresses the thyroid against the trachea, and
an anteroposterior deformation that results is
detected and used for strain measurements. US
signals in pre- and postcarotid expansion-
compression are tracked and measured [27, 52,
53]; at the same time, the ratio of the strain near
the carotid artery (a high strain area) is divided by
the thyroid nodule strain, called the thyroid stiff-
ness index (TSI) or a different calculation used
by another manufacturer, the elasticity contrast
index (ECI) [27, 54-56]. The manufacturer states
that to maximize the efficacy, the system consid-
ers the highest strain near the carotid artery in
comparison with the lowest strain in the nodule
for TSI calculation. In this type of system, the
operator draws two ROIs, one close to the area of
the highest strain adjacent to the carotid artery in
the surrounding muscle and another in the nodule
at the region of the lowest strain (highest stiffness
as shown by the elastogram), and the device cal-
culates the TSI [52]. Differently, in the other sys-
tem, only one ROI is drawn inside the borders of
the nodule, and ECI is measured by the device
with co-concurrence matrix comparison of
benign and malignant features in a nodule, using
complex calculations [51].

7.2.3.4 Limitations and Artifacts in SE

Macrocalcifications in the nodule alter stiff-
ness assessment as they are hard and can pro-
duce a stiff image of the nodule. Fibrosis inside
longstanding benign nodules or associated
with subacute or Hashimoto thyroiditis may
also induce stiff areas within nodules [57, 58].
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Furthermore, colloid and cystic fluids impair
stiffness assessment, as liquid is a limit in
strain measurement [Bibliog21, 29, 44, 45]. In
the elastogram, the color inside a cyst is ran-
dom as it is noise due to fluid movement during
compression; the result is low-quality strain
estimates [1, 27]. RGB (red/green/blue), or the
three-color layer artifact, may appear in the
elastograms of cystic lesions in some US sys-
tems, while the bull’s-eye artifact can be seen
in others [59]. Thus, if the ROI is placed in a
mixed solid and cystic area, the strain measure-
ment is altered.

Nodules larger than 3 cm or large enough to
replace an entire lobe of the thyroid cannot be
assessed with SE because of the lack of refer-
ence tissue and the depth of their deeper portions
[60]. Also coalescent nodules are unsuitable for
SE [61].

It has been shown that experienced sonogra-
phers in elastography have greater specificity in
their measurements than those without experi-
ence [62]. The pressure of the freehand of differ-
ent operators cannot be  standardized.
Nonuniformity is the rule, and strain variations
due to changes in the amplitude and velocity of
compression are unavoidable [27]. This seems to
be the main reason for the intraobserver and
interobserver variability [37].

For all elastographic methods, the fact that tis-
sue becomes stiffer as it is stressed by focused
compression is an important factor: pre-
compression can result in misleadingly high stiff-
ness readings, especially in superficial tissues
[27, 62, 63].

The color-coded scoring systems involve at
least some inevitable subjectivity in evaluation,
as seen by the wide variability of performance of
SE in different literature reports [64].

Nodules in the isthmus, as those close to the
carotid artery or deeply located, may be more dif-
ficult for SE [63]. Isthmic nodule evaluation with
SE is markedly limited as these nodules are com-
pressed between the transducer and the trachea,
both hard structures, and with very little normal
thyroid or strap muscle, which is necessary to be
regarded as the reference tissue of comparison.
Carotid artery pulsations adjacent to the thyroid

induce periodic deformations in the thyroid that
interfere with the freehand compression-
decompression cycle and degrade the strain mea-
surements. This effect is more pronounced with
nodules that are adjacent to the carotid artery,
especially those that are positioned anterior to the
carotid artery. Thyroid nodules deep in the poste-
rior thyroid are subject to impaired transmission
of compression and provide less strain, which
may make them appear artificially stiff [65].
Trying to optimize the displacement of deep tis-
sues of interest with more stress applied with the
transducer may result in poor quality elastograms
in the near field.

A certain amount of mottled noise is often
present in the elastogram due to some inevitable
errors in the estimation of tissue displacement by
the US system [62]. The areas, where accurate
strain values cannot be computed, are not color
coded on the elastogram. Noise on elastograms
can be a cause for further increase of the interpre-
tation subjectivity [27].

The limitations of qualitative SE also apply to
strain ratio SE. Furthermore in SR, in situations
where the thyroid nodule or multiple nodules are
so large that they occupy the whole thyroid lobe,
there may not be enough normal thyroid left in
the scan for placement of the second ROI to cal-
culate the strain ratio. Also thyroid tissue outside
a nodule may not be normal but may present with
multinodular goiter or lymphocytic thyroiditis,
both conditions with a hard tissue consistency
that would alter the strain ratio [27]. These limi-
tations also apply to thyroid stiffness index (TSI)
SE with carotid artery pulsations. The use of the
strap muscles as the reference tissue can obviate
this limitation.

When a group of waves of different color sur-
rounds a lesion in the elastogram, this means that
it was moving in and out of the imaging plane
during freehand compression. This can be
corrected by repeating a correct compression in
the right plane [66].

The additional time needed to complete the
elastography evaluation after the conventional
US examination is variable with the different
techniques and in certain situations can become a
limitation [27].
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7.2.3.5 How to Improve

1.

the Examination

As SE displays relative elasticity within a
ROI, in order to have a reference for compari-
son of strain, it is advisable to set an ample
RO, preferably covering the whole nodule
together with a good portion of adjacent nor-
mal thyroid tissue. Some authors advise at
least 5 mm of parenchyma around the borders
of the nodule [67]. The box for elasticity
assessment in SE should be placed ideally as
close as possible to the transducer, as strain
diminishes with distance from the transducer.
Exclude from the elastogram box the carotid
artery and hard tissues, such as the trachea
and bones, and, if possible, also non-thy-
roid tissue, as they notably alter the con-
trast and the displayed color scale of the SE
image [42].

. The US devices provide a real-time quality

control indicator during the freehand com-
pression that can be a numeric scale or an
elasticity color bar or a cycle compression
bar. The operator must observe in real time
whether the compressions are within a range,
considered reliable, or there is a need to
repeat it.

A number of publications advocate the need
for three different compressions and SR
measurements, and an average result should
be considered for elasticity assessment [36,
61]. The WFUMB guidelines require at least
two compressions [2].

. An extended neck position and good breath

hold with no swallowing during the exami-
nation are the prerequisites for performing a
valid compression.

. As always during the US exam, also for SE,

the B-mode focus needs to be positioned at
the level of the nodule or slightly below it.

. Select a strain elasticity scale preset for the

thyroid, or modify the elasticity scale if a
preset for the thyroid is not available.

. Operator experience is required for a good

compression technique. Correct measure-
ments depend on the quality of the compres-
sion, i.e., slight and uniform compressions
produce adequate elastograms. One study

found that stronger pressure with the free-
hand altered results; thus, light and uniform
compression for all measurements is impor-
tant [44].

9. Large nodules and multiple ones as multi-
nodular goiter are difficult for SE assessment
as there may be no surrounding reference
thyroid tissue. Enlarge the elastogram box
and include the strap muscles in an attempt
to obviate the lack of the thyroid parenchyma
in the scan.

10. Sometimes the displayed elasticity scale
should be adjusted according to the stiffness
of the tissue. Similar to the manipulation of
the Doppler scale when assessing high- or
low-velocity flow, for a very stiff nodule, the
scale can be changed to increase the upper
limit of display to allow differentiation
between relatively very stiff and soft areas;
similarly in a very soft nodule, the scale
should be lowered to enable the display of
the relatively hard regions in a nodule.

11. Finally, one should remember that what is
displayed in SE color is merely a representa-
tion of the relative stiffness, a mere compari-
son between strains of the tissues in the
elastogram box. SE is by no means capable
of measuring absolute values of strain or
elasticity. The deformation of tissues is
dependent on the amount of compression;
hence, the measured strain is always variable
with freehand SE, but the color contrast is
similar between compressions, because it
shows the comparisons in strain values inside
the elastogram box.

7.2.4 Shear Wave Elastography
(SWE) Imaging of Thyroid
Nodules

7.2.4.1 Examination Technique

In SWE external acoustic (ultrasound) push
pulses generated by the probe are sent into the
tissue which induce transverse shear waves inside
the tissue. This minute transverse motion travels
away from the push pulse lines and its speed can
be measured. The induced shear wave speed is
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directly proportional to the stiffness of the tissue,
stiffer tissue conducting shear waves faster.
Using pulse echo US, the ultrasound machine is
able to measure the shear wave speed in meters
per second (m/s), and high stiffness values cor-
respond to high velocities. Moreover, making
some assumptions regarding the tissue proper-
ties, the machine calculates the stiffness as
Young’s modulus in kilopascals (kPa). Most sys-
tems allow the user to choose whether the stiff-
ness value is displayed as shear wave speed or
Young’s modulus.

Most of the US systems measure the shear
wave speed within a preselected fixed-size small
ROI that the operator positions at the desired site.
This technique is denominated point shear wave
elastography (p-SWE), and it provides a numeri-
cal result of the SWS of the tissue in the ROI box
either in m/s or kPa and in some systems together
with the depth of the ROI (which is a relevant
parameter considering the decay of the push
pulse in the depths of the tissues). High stiffness
values correspond to high velocities. Acoustic
radiation force impulse (ARFI) technology is the
brand name of the software that used p-SWE
technology for the first time.

On the other hand, some systems are capable
of displaying a color-coded representation of
shear wave measurements in a large ROI box,
practically a velocity map, also called elasticity
image or elastogram. The size of the elastogram
box can be controlled manually by the operator,
and it is displayed as superimposed on the refer-
ence B-mode image. This is called 2D shear wave
elastography (2D-SWE). One or more measure-
ment ROIs can then be placed in the color-coded
elastogram box. 2D-SWE can be performed as a
“one-shot” technique or as a “real-time” tech-
nique. US systems that are capable of real-time
2D-SWE assessment are those of SuperSonic
Imagine (SSI). Opposite to SE elastograms, in
SSI soft tissue is shown as blue and stiff (hard)
tissue is shown as red.

With both p-SWE and 2D-SWE techniques, it
is important that there is no motion during the
acquisition to obtain a stable elastogram. Breath
hold is necessary. Moreover, with real-time
2D-SWE, several seconds of stationary position-

ing of the probe on the area of concern are impor-
tant in order to obtain an accurate evaluation.

The transducer should only lightly contact the
skin of the neck. With increasing pressure of the
transducer, the stiffness increases rapidly, due to
nonlinear elastic effects [42], especially relevant
in the isthmic nodules as they are easily com-
pressed against the tracheal cartilages. Similar to
SE, a strain ratio can be calculated using either
normal thyroid tissue or muscle as the reference.

Malignant nodules appear stiff, and also as
observed with velocity map elastograms, they
tend to be more heterogeneous than benign
lesions. Furthermore, often the stiffness seems to
be most marked at and around the periphery of
the malignant nodules.

The quantitative nature of SWE (unlike SE
evaluation) and the fact that a consistent acoustic
pulse moves the tissue (not the freehand com-
pression with its variability) may improve inter-
and intraobserver agreement and accuracy.

7.2.4.2 Diagnostic Value of SWE

for Thyroid Nodules
Literature publications report, for p-SWE, shear
wave velocity of the normal gland at
1.60+0.18 m/s [68, 69]. At 2D-SWE using SSI,
reports of normal thyroid values are at
2.6+1.8 m/s and 20.8 +10.4 kPa [70-72].

For nodule benignity-malignancy differentia-
tion, studies using SWE reported cutoff values
ranging from 3.65 m/s to 4.70 m/s (34.5-66 kPa).
Different studies report various cutoff values
associated with different diagnostic perfor-
mance, ranging from best cutoff at 34.5 kPa [73]
to 65 kPa [74] and 66 kPa [70, 75]. The sensitivi-
ties for SWE range from 0.80 to 0.86 (95 % CI
0.73, 0.92), while the specificities range from
0.84 to 0.90 (95 % CI 0.80-0.94). The AUROC
values range from 0.91 to 0.94. Shear wave
speed (SWS) was found to be significantly
higher in the malignant than benign lesions, with
a value higher than 2.87 m/s strongly suggestive
of malignancy [27, 76].

A group of researchers found that by increasing
the cutoff value from 10.3 to 132 kPa, the specific-
ity changed from 8.9 to 100 % [73]. Noteworthy is
that two studies report that SSI can differentiate
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thyroid nodules, even in the presence of autoim-
mune thyroiditis [77, 78]. A recent research found
that SWE (with both forms: p-SWE and 2D-SWE)
may be useful in selecting patients with thyroid
nodules for surgery [79].

A meta-analysis noted significant heterogene-
ity in reported sensitivity and specificity
(p<0.001) [80]. However, overall, both p-SWE
and 2D-SWE, in all reports, show good sensitiv-
ity and specificity for the differential diagnosis of
thyroid nodules. Furthermore, as shown in a
number of researches, the interobserver and
intraobserver repeatability of both p-SWE and
2D-SWE are high, with reported interclass cor-
relation of 0.90-0.97 [70, 71, 76, 81, 82]. All
studies and meta-analyses suggest that SWE
(p-SWE and 2D-SWE) may be a useful comple-
mentary tool to conventional US in differentiat-
ing between benign and malignant nodules.

7.2.4.3 How to Improve
the Examination

1. In all SWE techniques, for accurate mea-
surements, a slight contact of the probe to the
skin is essential, as pressure applied by the
probe alters the measurements and causes
artifacts of increased stiffness [76]. For this
reason experience is required to perform reli-
able examinations and SWE quantification
[27, 73, 76]. Liberal use of ultrasound cou-
pling gel can help maintain only slight con-
tact with the skin. The patient should perform
adequate breath hold.

2. If you encounter a pattern of red in the near
field, also called a vertical artifact, you may
reduce it by minimizing probe compression
[27, 73]

3. The isthmic nodules, compressed against
the trachea, are the most at risk to effect of
probe pressure. To avoid the artifactually
increased measured stiffness, some authors
advise the use of paracoronal scanning in
order to avoid compressing the nodules
against the trachea [77].

4. The ROI should include as much as possi-
ble of the area of the nodule. Normal thy-
roid parenchyma should not be included in
the ROL.

. ROI must be placed in the nodule avoiding

cystic or calcified areas as these alter the
measurements. However, the use of the stan-
dard size ROI in p-SWE sometimes makes it
impossible to exclude fluid and calcified
areas of a nodule.

. Choosing a correct preset is important to

acquire accurate measurements, and the pre-
set should be 0-180 kPa for the thyroid
application [42]. Increase the elasticity color
gain to its maximum till the noise starts to
appear in the elasticity image, because this
will aid in acquiring good color sensitivity
elastograms.

. With 2D-SWE in order to obtain the most

significant quantitative readouts, ROIs
should be placed on the stiffest part of a
lesion as shown in the velocity map (2D-
SWE elastogram). Malignancy is often
very heterogeneous in stiffness; it is useful
to choose the stiffest site for the
measurement.

. In the elasticity image, there can be areas

with no color that may be due to fluid con-
tent, calcification, or impossible velocities’
measurements due to technical problems
[42]. In some systems the displayed measure-
ments show “X.XX” or “0.00” because these
nodules contain cysts and calcifications [76,
83]. Cysts, when containing nonviscous flu-
ids, do not support shear waves, and so they
appear as color voids, usually seen as black
regions where the anechoic B-mode layer
shows through. On the other hand, when the
cyst fluid is viscous, shear wave signals may
be seen and would display a soft region [1].

. With p-SWE, sometimes the system cannot

calculate an accurate measurement due to a
variety of factors such as motion or noise or
probably a too low amplitude of the generated
shear wave or even too high stiffness in the
nodule with a too high shear wave speed that
cannot be sampled [42, 84]. ARFI for exam-
ple, when it cannot yield a measurement,
displays “X.XX m/s” instead of the expected
numeric value. In such an occurrence,
slightly change the position of the probe and
repeat the evaluation.
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10. With ARFI, in the experience of some
researchers, ten measurements were needed
to obtain an average which yielded a reliable
accuracy [42, 84]. Another research group
had good results with five measurements [68].

11. Always bear in mind that, as with strain elas-
tography, malignancy may appear genuinely
soft, albeit rarely. Follicular carcinomas, in
particular, can be soft and difficult to distin-
guish from benign nodules.

12. For good documentation, some authors rec-
ommend, for every nodule, the acquisition of
three cine loops, each of at least 10 s of dura-
tion [81].

7.3  Discussion

With 3—5 min of added time to the US exam time,
strain elastography can easily be performed as an
extension to the routine thyroid scanning. SE
should always be interpreted in conjunction with
the B-mode imaging since US signs have been
shown to have a fair sensitivity in detecting suspi-
cious nodules [33]. However, the use of SE in the
routine clinical practice has still to be defined.
Suspicious US findings in patients should over-
ride the SE information, i.e., if the nodule is sus-
picious on US, FNAB should be recommended.
In case of the opposite findings, current literature
does not sufficiently support active intervention.
On the other hand, in the cases of benign findings
with SE, more prospective studies are needed to
understand if SE findings can avoid unnecessary
FNAB. SE results have shown to be helpful in
patients with non-diagnostic or indeterminate

cytology to direct to a repetition of FNAB or fol-
low-up. Operator experience is essential for SE
since significant false-positive results can occur
with lack of experience. Training that involves at
least five SE examinations with expert guidance
is a minimum requirement [85]. The quality indi-
cator of the US device should guide the compres-
sion-relaxation cycle of the manual compression.
Furthermore, the color-coded display scale
should be optimized when needed. Documentation
with static images and cine loops must be pro-
vided for eventual further review.

Nowadays, there are many and variable tech-
nological solutions, with nonuniformity and with
different scoring systems and cutoff values, that
make the comprehensive assessment of the SE in
the thyroid still a matter of debate [86]. The tech-
nique is in a need for overall standardization.

Shear wave elastography appears to have the
advantage of being less operator dependent: in addi-
tion, the learning curve for strain elastography seems
to be short [85] and has improved significantly by
the availability of real-time operator feedback. Some
authors claim that SWS is an operator-independent
and reproducible technique [74, 86]. However, only
a small number of studies have been published;
future multicenter studies are needed.

Conclusions

According to present literature and our per-
sonal experience, ultrasound elastography is a
useful additional tool for thyroid nodule eval-
uation. Both strain and shear wave elastogra-
phy may be used, but adequate training and
observance of technical parameters are man-
datory to obtain valid results.
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7.4 Image Gallery

Fig. 7.1 Hyperplastic follicular lesion histologically
proven. (a) At baseline ultrasound the lesion appears iso-
hypoechoic with peripheral halo sign. (b1, b2) At power
Doppler and at Advanced Dynamic Flow™ (ADF), the

nodule shows pattern III. (¢) Qualitative evaluation with
SE shows score 1 by Itoh et al. and Rubaltelli et al. (d) At
semiquantitative evaluation, nodule appears benign with a
strain ratio of 1.05 under the cutoff value of 2.0
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Fig.7.1 (continued)
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Fig.7.1 (continued)



174 V. Cantisani et al.

TIS0.1 MI0.9

M3 M3
SF

Fig. 7.2 Benign nodule at FNAC. Isoechoic nodule with halo sign which shows score 2 at qualitative evaluation
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Fig.7.3 Papillary carcinoma histologically proven. (al, a2) Hypoechoic nodule with irregular margins and pattern I at
color Doppler evaluation. (b) At qualitative evaluation the nodule appears hard
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Fig.7.4 Anaplastic carcinoma (histologically proven). (a) B-mode of the tumor revealed diffuse infiltration with cervi-
cal lymphadenopathy. (b) Elastography revealed stiff tissue
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Fig. 7.5 Papillary carcinoma histologically proven. (a)  uation. (b) At shear wave elastography, the lesion appears
Baseline ultrasound shows an isoechoic nodule with a  hard with high elasticity values. It was a carcinoma histo-
partially continuous halo sign and pattern III at SMI eval-  logically proven
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Fig. 7.6 Papillary carcinoma histologically proven. (a) Iso-hypoechoic nodule with high peri- and intranodular vascu-
larization (pattern IIT). (b) At SSI the lesion presents mixed stiffness but high elasticity values expressed in m/s and k/Pa
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Carotid Artery

Dirk-André Clevert

Stroke is the third leading cause of death after
ischaemic heart disease and cancer [1].
Atherosclerosis may affect the intracranial ves-
sels themselves; 88 % of patients with amaurosis
fugax or hemispheric transient ischemic attacks
have atherosclerotic disease at the carotid bifur-
cation [2].

Approximately 25-50% of all strokes are
caused by an unstable carotid artery plaque and
about 80 % of all strokes are ischaemic [3, 4].

A reliable differentiation of a high-grade ste-
nosis, pseudo-occlusion or occlusion in preoper-
ative diagnostics is relevant for the therapy of
internal carotid artery (ICA) stenoses [5—11].

The results of the “North American
Symptomatic Carotid Endarterectomy Trial”
(NASCET) and the “European Carotid Surgery
Trial” (ECST) [12, 13] have shown that symp-
tomatic patients with high-grade (70-90 %) ste-
noses of the internal carotid artery (ICA) do profit
from carotid endarterectomy (CEA). In the
guidelines of the American Heart Association
and the Executive Committee for the
Asymptomatic Carotid Atherosclerosis Study
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[14, 15], CEA is also recommended as the
method of choice for the treatment of asymptom-
atic patients with high-grade stenoses of the ICA.

However, whilst surgical endarterectomy or
stenting treatment of a carotid artery stenosis can
significantly reduce stroke risk, 3-9 % of patients
undergoing interventional treatment are expected
to suffer stroke or death as a complication from
such a treatment. Patient that undergoes carotid
stenting has a higher risk for major complications
than patients with carotid endarterectomy [16].

A well-established non-invasive method of
assessment of carotid diseases is colour and spec-
tral Doppler ultrasound for the primary examina-
tion of the extracranial carotid arterial systems
[17, 18]. Doppler ultrasound however has some
limitations and does not always provide a full
diagnostic assessment in the differentiation of
critical stenosis from complete occlusion when
the Duplex ultrasound study is suboptimal
[19-26].

At the moment there are only a limited papers
published regarding the use of tissue strain ana-
lytics measurement in vascular disease [26-29].
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8.1 Image Gallery

Fig.8.1 68-year-old
male patient with recent
ischaemic neurological
symptoms, B-scan shows
a hard plaque of the
common carotid artery
(CCA)

Fig.8.2 Duplex
ultrasonography depicted
no high-degree stenosis of
the CCA
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Fig.8.3 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding
to higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the plaque between
v=3.13 and 3.58 m/s

Fig.8.4 Same patient as
Fig. 8.3. The low-quality
shear wave signal area
representing the fluid
parts of the carotid artery
in dark yellow, the
background tissue
provides a high-quality
signal as indicated by
green area in the shear
wave quality display in
the same image

+ Vs=3.13 m/§
Depth=1.2 cm
X Vs=3.58 m/s
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Fig.8.5 Same lesion as
Figs. 8.3 and 8.4. VTIQ
displacement mode showed
a low deformation of the
plaque displayed as dark
blue

Fig.8.6 In VTI mode
elastography, the plaque
appears in dark grey as an
indicator for stiff tissue
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Fig.8.7 In
sonoelastography, the
plaque appears in dark
grey as an indicator for a
stiff tissue and confirmed
the finding from Fig. 8.6

Fig.8.8 75-year-old
male patient with recent
ischaemic neurological
symptoms. B-scan shows
a high-degree internal
carotid artery (ICA)
stenosis with hard plaques
on both sides of the vessel
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Fig.8.9 Duplex
ultrasonography depicted
a high-degree stenosis of
the ICA with overwriting
artefacts of the vessel
wall

Fig.8.10 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding
to higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the plaques on both vessel
walls between v=3.04
and 3.28 m/s

4 Vs=3.04 m/s
Depth=1.1 cm

HVs=3.11m/s
Depth=1.5 cm

¢ Vs=3.28 m/s
o Dapthi .4 cm
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Fig.8.11 Same lesion as
Fig. 8.10. The low-quality
shear wave signal area
representing the fluid
parts of the vessel coded
in yellow, the background
tissue and the plaques
provide a high-quality
signal as indicated by
green area in the shear
wave quality display

Fig.8.12 Same lesion as
Figs. 8.10 and 8.11. VTIQ
displacement mode
showed a low deformation
of the plaques displayed
as dark blue and depicted
the residual lumen of the
high-degree stenosis




190 D.-A. Clevert

Fig.8.13 In VTI mode
elastography, the plaques
appear in red, as an
indicator for stiff tissue

Fig.8.14 In VTQ mode,
the shear wave velocity
could not be measured in
the plaque v=XXX m/s
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Fig.8.15 In VTQ mode,
the shear wave velocity
was measured in the
ventral carotid wall; no
velocity could be measured
v=XXX m/s

Fig.8.16 In sonoelasto
graphy, the plaques
appear in dark red as an
indicator for a very stiff
tissue. The borders of the
plaques are displayed
well in this technique
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Fig.8.17 67-year-old
woman patient with
ischaemic neurological
symptoms. B-scan shows
a high-degree internal
carotid artery (ICA) and
external carotid artery
(ECA) stenosis with hard
plaques on both vessel
walls

Fig.8.18 Duplex
ultrasonography depicted a
high-degree stenosis of the
internal carotid artery
(ICA) and external carotid
artery (ECA) stenosis with
hard plaques




8 Carotid Artery

193

Fig.8.19 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding
to higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the plaques between
v=2.33 and 2.94 m/s

Fig.8.20 Same lesion as
Fig. 8.19. Most of the
plaques are coloured in
green, as an indicator for a
high quality of generated
shear waves

4 Vs=2.33 m/s

Depth=1.2 em
HVs=2.94mis e = ==
Depth=1.9 cm’ S
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Fig.8.21 Same lesion as
Figs. 8.19 and 8.20. VTIQ
displacement mode
showed a low
deformation of the
plaques displayed as dark
blue

Fig.8.22 In VTI mode
elastography, the plaques
appear in dark grey, as an
indicator for stiff tissue
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Fig.8.23 In VTQ mode,
the shear wave velocity
was measured in the
ventral carotid plaque
with a velocity of
v=1.50 m/s

Fig.8.24 In VTQ mode,
no velocity could be
measured in the dorsal
carotid plaque v=XXX
m/s
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Testis

Dirk-André Clevert

Ultrasound is a sensitive and accurate technique
for the evaluation of testicular abnormalities and
is widely accepted as the first-line imaging tech-
nique and gold standard for many common and
uncommon testicular diseases although it does
not provide a histological diagnosis [1-3].

Due to the continuous development of modern
ultrasonography such as high-frequency transduc-
ers, colour Doppler and real-time elastography,
ultrasonography is considered the imaging modality
of choice in small parts and scrotal disorders [4-7].

Real-time elastography, also known as strain
elastography, was introduced over 20 years ago,
enabling non-invasive assessment of the mechan-
ical properties of tissue and imaging the elasticity
of biological tissue [8—10].

Real-time elastography has already demon-
strated promising value in the detection and dif-
ferentiation of nodules in the breast, prostate,
thyroid gland, and Ilymph nodes [11-13].
However, there are only a few studies in the litera-
ture concerning the efficacy of real-time tissue
elastography for scrotal mass evaluation [14-16].

During the use of free-hand real-time elastog-
raphy, the operator-induced mechanical waves
provide only qualitative or semi-quantitative
results. Due to this fact, the use of this technique
can be subject to a degree of variability.

D.-A. Clevert

Department of Clinical Radiology,
Interdisciplinary Ultrasound-Center,
University of Munich-Grosshadern Campus,
Marchioninistr. 15, 81377 Munich, Germany
e-mail: Dirk.Clevert @med.uni-muenchen.de

© Springer International Publishing Switzerland 2017

The use of less operator-dependent imaging
techniques is one of the goals of improving diag-
nostic performance.

Virtual Touch imaging quantification (VTIQ,
Siemens, Erlangen Germany) is a new imaging
modality that measures tissue stiffness in real
time [7]. It was previously used for the assess-
ment of breast diseases [17-19].

VTIQ, as opposed to free-hand strain elastog-
raphy, employs automatically generated acoustic
radiation force impulses (ARFI) to induce shear
waves within the targeted area [17].

The VTIQ technique does not rely on the
investigator’s ability to apply appropriate
mechanical pressure to the tissue. It also over-
comes the limitations of traditional strain elas-
tography by offering quantitative information
about the examined structures, such as shear
wave propagation speed values measured in m/s,
and also displays them on a two-dimensional
colour-coded map.

Studies performed on the testes have resulted
in standard values for healthy testicular tissue
showing that the stiffness of healthy tissue varies
from pathological tissue, and these studies have
presented ARFI as a reliable method of evaluation
[20-23]. The higher the shear wave velocity mea-
sured, the stiffer the tissue under investigation.

However, since shear waves do not result in a
deformation in fluid, we could not obtain any
measurements in testicular cysts and thus could
confirm the similar findings of Barr and
Trottmann et al. [24, 25].
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9.1 Image Gallery

Fig.9.1 B-mode
ultrasound demonstrates
normal testicular tissue

Fig.9.2 Colour Doppler
ultrasound demonstrates
internal vascularity of the
normal testicular tissue
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Fig.9.3 VTIQ velocity
colour overlay displays
relative shear wave
velocities (SWV) according
to the adjacent colour
spectrum, red areas
corresponding to higher
SWYV values and blue
areas corresponding to
lower values

Fig.9.4 Same lesion as
Figs. 9.1, 9.2, and 9.3.
Using the VTIQ quality
map, the entire testis is
coloured green, which is
an indicator of high-quality
generated shear waves
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Fig.9.5 Same lesion as
Figs. 9.1,9.2,9.3, and 9.4.
VTIQ displacement mode
shows normal deformation
of the testis displayed as
bright blue

Fig.9.6 In VTI
elastography mode, the
testicular tissue appears
grey, indicating an
intermediate stiffness of
the tissue
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Fig.9.7 In VTQ mode,
the shear wave velocity in
the upper pole of the
normal testicular tissue
was measured with a
velocity of v=0.66 m/s

" Vs=0.66 mis
. Dept 8 cm

Fig.9.8 In VTQ mode,
the shear wave velocity
was measured in the
middle of the normal
testicular tissue with a
velocity of v=0.65 m/s
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Fig.9.9 Strain elastogram
image shows a
homogenous grey colour,
as indicating normal
testicular tissue. The testis
has the same size in the
strain elastogram mode in
comparison to the B-mode

Fig.9.10 Ultrasound
images of a 35-year-old
man. B-mode ultrasound
demonstrates a huge
testicular lesion measuring
55 mm, with uniform low
reflectivity. The surgically
proven histological
diagnosis was a seminoma
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Fig.9.11 Colour Doppler
ultrasound demonstrates a
high vascularity within the
tumour

Fig.9.12 Contrast-
enhanced ultrasound
confirmed the finding of
colour Doppler ultrasound
with a high vascularity
within the tumour in
comparison to the
surrounding tissue
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Fig.9.13 VTIQ velocity
colour overlay displayed
relative shear wave

i3 H 4+ Vs=2.10 m/s
ve!ocmes according to the DeEIRE08Tcn
adjacent colour spectrum, 3 Vs=2.06 m/s

: * Depth=1.8 cm
red areas corresponding to Vs e
higher values (stiffer Depth=2.2 cm
. ¢ Vs=3.15m/s
tissue) and blue areas Depth=0.9 cm

corresponding to lower £ Vs=3.12m/s
Depth=2.2 cm

values (softer tissue). Shear
wave velocity (SWV) was
measured in the lesion
between v=2.06-3.15 m/s

Fig.9.14 Same lesion as
Fig. 9.12. Using the VTIQ
quality map, most of the
testis and the lesion are
coloured green, indicating
a high quality of generated
shear waves
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Fig.9.15 Same lesion as
Figs. 9.13 and 9.14. The
dark blue VTIQ
displacement mode
indicates reduced
deformation of the tumour
tissue

Fig.9.16 In VTQ mode,
the shear wave velocity
was measured on the right
side of the tumour tissue
with a velocity of

v=3.02 m/s
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Fig.9.17 In VTQ mode,
the shear wave velocity
was measured on the left
side of the tumour tissue
with a velocity of
v=2.21m/s

Fig.9.18 In the strain
elastogram, the lesion
appears dark grey, an
indicator of stiff tissue.
The border of the lesions is
displayed well in this
technique
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Fig.9.19 Ultrasound
images of a 27-year-old
man. B-mode ultrasound
demonstrates a hypoechoic
lesion. The surgically
proven histological
diagnosis was a seminoma

Fig.9.20 Colour Doppler
ultrasound demonstrates a
high vascularity within the
tumour
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Fig.9.21 Contrast-
enhanced ultrasound
confirmed the finding of
colour Doppler ultrasound
with a high vascularity
within the tumour in
comparison to the
surrounding tissue

Fig.9.22 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the lesion v=1.90-

1.91 m/s and in the
surrounding tissue level
between v=1.14-1.29 m/s

n
Vs=1.29 mis .
3 Vs=1.14 mis MRS
Depth=1.6 cm
¢ Vs=1.91 mis
Depth=0.8 cm
© Vs=1.90 m/s
Depth=1.6 cm

Depth=1.0cm/ = =
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Fig.9.23 Same lesion as
Fig. 9.22. Using the VTIQ
quality map, the entire
testicular tissue and the
lesion are coloured green,
indicating a high quality of
generated shear waves

Fig.9.24 Same lesion as
Figs. 9.22 and 9.23. VTIQ
displacement mode showed
as dark blue within the
tumour, indicating a low
deformation of the tumour
tissue in comparison to
good displacement of the
surrounding tissue as
displayed in bright blue
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Fig.9.25 In VTI
elastography mode, the
tumour appears dark grey
indicative of a stiff lesion
in comparison to the light
grey display of the normal
surrounding tissue

0.74 mis
th=1.1 cm

Fig.9.26 In VTQ mode,
the shear wave velocity
was measured in the

normal tissue with a
velocity of v=0.74 m/s
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Fig.9.27 In VTQ mode,
the shear wave velocity
was measured in the
tumour tissue with a
velocity of v=2.61 m/s

Fig.9.28 In the strain
elastogram, the lesion
appears in dark grey, an
indicator of very stiff
tissue. The border of the
lesions is displayed well in
this technique
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Fig.9.29 Ultrasound
images of a 47-year-old
man. B-mode ultrasound
demonstrates a hypoechoic
lesion which was stable for
more than 3 years. The
diagnosis was a
haemorrhagic cyst. The
surgically proven
histological diagnosis was
that of a seminoma

Fig.9.30 Colour Doppler
sonography indicates no
vascularity of the lesion
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Fig.9.31 Contrast-
enhanced ultrasound
confirmed a marginal
contrast uptake in the
tumour, which is not
consistent with a
haemorrhagic cyst

Fig.9.32 VTIQ velocity
colour overlay displays
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the lesion v=1.79—

2.62 m/s and in the
surrounding tissue level
between v=1.74-1.97 m/s

+ Vs=2.27 m/s
0.9 cm =
HVs=262m/sh
Depth=1.6 cm
¢ Vs=1.79 m/s

Depth=1.6 cm
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Fig.9.33 Same lesion as
Fig. 9.32. Using the VTIQ
quality map, the entire
testicular tissue and the
lesion are coloured green,
indicating high-quality
shear waves

Fig.9.34 Same lesion as
Figs. 9.32 and 9.33. VTIQ
displacement mode showed
a low deformation of the
tumour border displayed as
dark blue in comparison to
good displacement inside
the tumour and the
surrounding tissue
displayed in bright blue
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Fig.9.35 In VTI
elastography mode, the
periphery of the tumour
tissue appears dark grey,
whereas the centre of the
tumour appears bright
grey/white

Fig.9.36 In VTQ mode,
the shear wave velocity
was measured in the

normal tissue with a
velocity of v=0.57 m/s
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Fig.9.37 In VTQ mode,
the shear wave velocity
was measured in the
tumour tissue with a
velocity of v=1.89 m/s

Fig.9.38 In the strain
elastogram, the lesion
appears in dark blue
indicating stiff tissue. The
border of the lesions is
displayed well in this
technique
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Fig.9.39 Ultrasound
images of a 41-year-old
man. B-mode ultrasound
demonstrates a hypoechoic
lesion. The surgically
proven histological
diagnosis was a teratoma

Fig.9.40 Colour Doppler
ultrasound demonstrates a
high vascularity within the
tumour
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Fig.9.41 VTIQ velocity
colour overlay displays
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the lesion v=1.86—

3.25 m/s and in the
surrounding tissue level
between v=0.87-1.07 m/s

Fig.9.42 Same lesion as
Fig. 9.41. Using the VTIQ
quality map, most of the
testicular tumour is
coloured green, indicating
the generated shear waves
are of good quality. Most
of the normal testicular
tissue is coloured in
yellow, as an indicator for
a moderate quality of
generated shear waves

Vs
Depth=1.3 cm
4Vs=1.07 m/s
Depth=1.9 cm

oVs=1.86 m/s
Depth=0.7 cm

©“Vs=2.09 m/s
Depth=1.5 cm

-:-V3=3_2i m/s
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Fig.9.43 Same lesion as
Figs. 9.41 and 9.42. VTIQ
displacement mode showed
a low deformation of the
tumour border displayed as
dark blue in comparison to
good displacement of the
normal testicular tissue
displayed in bright blue

Fig.9.44 In VTI
elastography mode, the
periphery of the tumour
tissue is displayed in red
and green, indicating
stiffer tissue in the lesion
in comparison to the
surrounding tissue
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Fig.9.45 In VTQ mode,
the shear wave velocity
was measured in the
tumour tissue with a
velocity of v=1.80 m/s

Fig.9.46 In VTQ mode,
the shear wave velocity
was measured in the
normal tissue with a
velocity of v=0.89 m/s
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Fig.9.47 In the strain
elastogram, the lesion
appears red indicative of
very stiff tissue. The border
of the lesions is well
displayed using this
technique

Fig.9.48 Ultrasound
images of a 37-year-old
man following a soccer
trauma. B-mode ultrasound
demonstrates a hypoechoic
lesion confirming the
haematoma
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Fig.9.49 Colour Doppler
ultrasound demonstrates no
vascularity within the
haematoma

Fig.9.50 Contrast-
enhanced ultrasound
confirmed no contrast
uptake in the haematoma,
indicating no active
bleeding
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Fig.9.51 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the haematoma v=1.33—
3.00 m/s and in the
surrounding tissue level
between v=1.15 m/s

Fig.9.52 Same lesion as
Fig. 9.51. Using the VTIQ
quality map, most of the
testicular haematoma and
the surrounding tissue is
coloured green, an
indicator of the good
quality of the generated
shear waves

4+ Vs=3.00 m/s
Depth=1.5 cm
X Vs=1.15mis
Depth=1.3 tm
% Vs=2.40 mis
Depth=1.7 cm
< Vs=1.33 mis
Depth=1.0 tm




224 D.-A. Clevert

Fig.9.53 Same lesion as
Figs. 9.51 and 9.52. VTIQ
displacement mode showed
a low deformation of part
of the haematoma
displayed as dark blue in
comparison to good
displacement of the normal
testicular tissue displayed
in bright blue

Fig.9.54 In VTI
elastography mode, the
tissue in the periphery of
the haematoma appears
dark grey, indicative of
stiffer tissue in this region
in comparison to the
surrounding tissue
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Fig.9.55 Ultrasound
images of a 57-year-old
man. B-mode ultrasound
demonstrates a hydrocele

Fig.9.56 Colour Doppler
ultrasound demonstrates
normal vascularity within
the testicular tissue
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s=High
Depth=2.3 cm
3 Vs=NA
Depth=1.8 cm
¢ Vs=NA
Depth=1.2 cm
© Vs=NA
Depth=1.1 cm
% Vs=0.80 m/s
Depth=2.5 cm
& Vs=0.80 m/s
Depth=1.3 cm
Ws=0.91 m/s
Depth=2.4 cm

Fig.9.57 VTIQ velocity colour overlay displayed relative shear wave velocities according to the adjacent colour spec-
trum, red areas corresponding to higher values and blue areas corresponding to lower values. Shear wave velocity was
measured in the normal testicular tissue v=0.80-0.91 m/s; shear wave velocity could not be measured in the surround-
ing fluid. At the centre of the testis is actually a reflection artefact, caused by the round geometry of the testis, and shear
waves reflecting off the lateral edges of the testis appear, which are interpreted as higher velocity

Fig.9.58 Same lesion as
Fig. 9.57. Using the VTIQ
quality map, the shear
wave signals from the fluid
parts of the hydrocele are
coded in dark yellow
indicating poor quality or
no shear waves generated,
whereas the shear waves
generated by the
background tissue and the
normal testicular tissue are
of a high quality as
indicated by their green
colour coding
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Fig.9.59 Same lesion as
Figs. 9.57 and 9.58. VTIQ
displacement mode showed
a high deformation of the
normal testicular tissue
displayed as bright blue in
comparison to no
displacement of the fluid
parts of the hydrocele

Fig.9.60 In VTI
elastography mode, the
normal testicular tissue
appears bright grey,
indicating soft tissue in
comparison to the fluid
parts of the hydrocele
which are displayed as a
patchy mosaic indicative of
artefact
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Fig.9.61 In VTQ mode,
the shear wave velocity
was measured in the
normal tissue with a
velocity of v=0.52 m/s

Fig.9.62 In VTQ mode,
the shear wave velocity
was measured in the
normal tissue with a
velocity of v=0.59 m/s
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Fig.9.63 In the strain
elastogram, the lesion
appears red indicating stiff
tissue. The border of the
lesions is displayed well in
this technique

Fig.9.64 A 20-mm
anechoic cystic lesion with
a thin wall is noted in the
testicular periphery
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Fig.9.65 No internal
colour Doppler signal is
demonstrated within the
cyst

Fig.9.66 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum.
Shear wave velocity could
not be measured in the
lesion. Shear wave velocity
in the surrounding tissue
level between v=1.13—
1.20 m/s at the operator
defined regions of interest

4+ Vs=1.20m/s
Depth=1.8 cm
HVs=1.13mis
Depth=1.1 cm
4+ Vs=NA

Depth=2.2 cm
¢ Vs=NA
Depth=1.7 cm
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Fig.9.67 Same lesion as
Fig. 9.66. The shear waves
from the cystic lesion are
displayed in dark yellow
and red indicating poor
quality or no shear waves
generated, whereas the
background tissue
generates high-quality
shear waves as indicated
by the green colour coding
of that area




232

D.-A. Clevert

Fig.9.68 Same lesion as
Figs. 9.66, 9.67. VTIQ
displacement mode showed
an area of no signal in the
cystic lesion, indicated that
the acoustic push pulse
does not deform fluid
material, in contrast to the
light blue colour of the
surrounding tissue
indicative of good tissue
deformation

Fig.9.69 In VTI
elastography mode, the
cyst appears as a patchy
mosaic indicative of
artefact; the peripheral
tissue is displayed as
bright grey indicating soft
tissue
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Fig.9.70 In VTQ mode,
the shear wave reading was
measured in the cyst as
v=XXX m/s indicating no
shear wave velocity could
be measured

Fig.9.71 In VTQ mode,
the shear wave velocity
was measured in the
normal tissue with a
velocity of v=0.65 m/s
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Fig.9.72 In the strain
elastogram, the cyst
appears as a ring-shaped
area with a white (soft)
central portion, typical
elastographic appearance
of a cyst. The surrounding
normal tissue is light grey,
indicating soft tissue

Fig.9.73 A 35-year-old
man with testicular pain. A
30-mm hypoechoic lesion
is noted in the centre of the
testis
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Fig.9.74 No colour
Doppler signal is
demonstrated within the
lesion

Fig.9.75 Contrast-
enhanced ultrasound
confirmed no central
contrast uptake of the
lesion, but the peripheral
uptake seen is consistent
with that of an abscess
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Fig.9.76 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the abscess v=1.75-

1.92 m/s and in the
surrounding tissue level
between v=1.49 m/s. In
part of the abscess, no
VTIQ measurement could
be calculated (NA)

Fig.9.77 Same lesion as
Fig. 9.76. The colour
display in the majority of
the abscess is orange
indicating the low quality
of the shear waves
generated in this region,
whereas the background
tissue is shown as green,
indicating the high quality
of the generated shear
waves

+Vs=1.49 mls

Depth=1.4 cm

X Vs=1.75 m/s

Depth=1.9 cm
¢ Vs=NA
Depth=1.6 cm
¢ Vs=NA
Dépth=2.0 cm
2 Vs=1.82 m/s
Depth=0.9 cm
& Vs=1.92 m/s
Depth=0.8 cm
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Fig.9.78 Same lesion
as Figs. 9.76 and 9.77.
VTIQ displacement
mode shows an area of
black in part

of the abscess
indicating that there is
no deformation in this
region, compared with
the mid to light blue
displayed in the
surrounding area
showing mild to good
tissue deformation

Fig.9.79 In VTI mode
elastography, the abscess
appears in a patchy mosaic
as an indicator for
artefacts, the peripheral
tissue in red an indicator
for the capsule of the
abscess
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Fig.9.80 In VTQ mode,
the shear wave velocity
was measured in the
normal tissue, a velocity
could be measured
v=1.22 m/s

Fig.9.81 In VTQ mode,
the shear wave velocity
was measured in the
abscess with a velocity that
could be measured

v=0.98 m/s
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Fig.9.82 In
sonoelastography, the
abscess appears in patchy
mosaic pattern as an
indicator for an
intermediate stiffness
tissue. The border of the
abscess is displayed in
black in this technique

Fig.9.83 Same patient as
Fig. 9.73. Follow-up

examination after 4 weeks.

A 20-mm hypoechoic
lesion is noted in the
testicular centre
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Fig.9.84 No central
vascularisation is
demonstrated within the
abscess, but an enlarged
colour Doppler signal
could be detected at the
capsular of the abscess

Fig.9.85 Contrast-
enhanced ultrasound
confirmed no central
contrast uptake of the
abscess but arising
peripheral contrast uptake
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Fig.9.86 VTIQ velocity
colour overlay displayed
relative shear wave

velocities according to the + Vs=1.09/m/s
. Depth=1.3 cm
adjacent colour spectrum, 3 Vs=2.42'mls
: Depth=1.4 cm
rcid areas corresponding to P Vers Atlate
higher values and blue . Depth=0.9 cm
. ¢ Vs=2.34:m/s
areas corresponding to Depth=0.9 cm
lower values. Shear wave # Vs=2.70:m/s i<
. . Depth=1.4 cm
veloc1ty was measured in & V=2 55 m/s
the abscess v=1.09 m/s 2

and in the surrounding
tissue level between
v=2.14-2.70 m/s

Fig.9.87 Same lesion as Fig. 9.86. The low quality
shear wave signal area representing the abscess in
yellow, the background tissue provides a high quality
signal as indicated by green area in the shear wave
quality display in the same image
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Fig.9.88 Same lesion as
Figs. 9.86 and 9.87. VTIQ
displacement mode showed
a low deformation of the
capsule of the abscess
displayed as dark blue in
comparison to good
displacement inside the
abscess displayed in bright
blue

Fig.9.89 In VTI mode
elastography, the abscess
appears with a stiff
capsular and a more soft
tissue inside the abscess
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Fig.9.90 In VTQ mode,
the shear wave velocity
was measured on the left
side of the abscess capsular
with a velocity of

v=2.49 m/s

Fig.9.91 In VTQ mode,
the shear wave velocity
was measured on the right
side of the abscess capsular
with a velocity of

v=2.31 m/s
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Fig.9.92 In VTQ mode,
the shear wave velocity
was measured in the centre
of the abscess with a
velocity of v=0.87 m/s

Fig.9.93 In
sonoelastography, the
capsular of the abscess
appears in red as an
indicator for a very stiff
tissue. The centre of the
abscess is displayed green
as an indicator for a more
soft tissue

T
Depth=1.5
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Fig.9.94 Same patient as
Fig. 9.83. Follow-up
examination after 3 weeks.
A 10-mm hypoechoic
lesion is noted in the
testicular centre

Fig.9.95 No extended
colour Doppler signal is
detected in the abscess
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Fig.9.96 Contrast-
enhanced ultrasound
confirmed a normal
perfusion of the testicular
tissue

Fig.9.97 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the abscess v=2.06—

2.52 m/s and in the
surrounding tissue level
between v=1.06—1.12 m/s

4+ Vs=1.09 m/s
Depth=0.9 cm

HVs=1.12 mi/s
Depth=0.9 cm

4 Vs=1.06 m/s

+ Depth=0.9 cm

© Vs=2.06 ni/s
Depth=1.7. cm

“ Vs=2.52 mls
Depth=1.8 cm
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Fig.9.98 Same lesion as
Fig. 9.97. The entire
testicular tissue and the
lesion are coloured in
green, as an indicator for a
good quality of generated
shear waves

Fig.9.99 Same lesion
as Figs. 9.97 and 9.98.
VTIQ displacement
mode showed a low
deformation of the
residual abscess
displayed as dark blue
in comparison to good
displacement displayed
in bright blue of the
normal testicular tissue
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Fig.9.100 In VTI mode
elastography, the residual
abscess appears in red as
an indicator for stiff tissue,
the peripheral tissue in
purple as an indicator for
soft tissue

Vs=0.58 m/s
Depth=0.8 cm

Fig.9.101 In VTQ mode,
the shear wave velocity
was measured in the
normal tissue with a
velocity of v=0.58 m/s
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Fig.9.102 In VTQ mode,
the shear wave velocity
was measured in the
normal tissue with a
velocity of v=0.76 m/s

Fig.9.103 In VTQ mode,
the shear wave velocity
was measured in the
residual abscess with a
velocity of v=1.28 m/s
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Fig.9.104 In
sonoelastography, the
residual abscess appears in
black as an indicator for a
stiff tissue. The border of
the lesions is displayed
well in this technique

Fig.9.105 A 47-year-old
man with routine
examination of the testis. A
focal clump of calcification
is present in the peripheral
aspect of the testis on
ultrasound
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Fig.9.106 No colour
Doppler signal is detected
in the calcification

Fig.9.107 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the calcification v=1.62—
2.30 m/s and in the
surrounding tissue level
between v=0.89-1.00 m/s

=Vs=1.00 m/s
Depth=1.1 cm
X Vs=0.94 m/s
Depth=1.1 cm
+ Vs=0.89 m/s
Depth=1.1 cm
Vs=1.62 m/s
Depth=1.8 cm
Vs=2.30 m/s
“ Depth=1.9 cm
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Fig.9.108 Same lesion as
Fig. 9.107. The entire
testicular tissue and the
lesion are coloured in
green, as an indicator for a
good quality of generated
shear waves

Fig.9.109 Same lesion as
Figs. 9.107 and 9.108. The
dark blue of the VTIQ
displacement mode in the
region of the calcification
shows a low deformation
of that area in comparison
to good displacement of
the normal testicular tissue
displayed by bright blue
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Fig.9.110 In VTI
elastography mode, the
calcification appears as
black indicating stiff tissue,
whereas the peripheral
tissue appears bright grey
as an indicator of soft
tissue

Fig.9.111 In VTQ mode,
the shear wave velocity
was measured in the
calcification area with a
velocity of v=2.34 m/s




254 D.-A. Clevert

Fig.9.112 In the strain
elastogram, the
calcification appears in
black which is an indicator
of stiff tissue

Fig.9.113 A 52-year-old
man with routine
examination of the testis.
The linear low-reflective
structure seen bisecting the
testis fits with the location
of the trans-mediastinal
artery and vein
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Fig.9.114 Colour
Doppler signal depicts the
trans-mediastinal vessels

4+ Vs=1.09 m/s
Depth=1.3 cm
HVs=1.05mis.__
Depth=1.4 cm
¢ Vs=0.90 m/s
. Depth=1.4 cm

Fig.9.115 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the testis v=0.90-1.09 m/s
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Fig.9.116 Same lesion as
Fig. 9.115. Using the
VTIQ quality map the
entire testicular tissue and
the lesion are coloured
green, indicating the shear
waves generated are of a
high

Fig.9.117 Same lesion as
Figs. 9.115 and 9.116.
VTIQ displacement mode
showed a normal
deformation of the
testicular tissue displayed
in bright blue
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Fig.9.118 In VTQ mode, i I
the shear wave velocity |
was measured in the
normal tissue with a
velocity of v=0.77 m/s

v T7n
Depth=1.5

Fig.9.119 In VTQ mode,
the shear wave velocity
was measured in the
normal tissue with a
velocity of v=0.61 m/s
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Fig.9.120 In the strain
elastogram, the trans-
mediastinal vessels
demonstrate a similar
stiffness to the surrounding
tissue

Fig.9.121 Ultrasound
images of a 43-year-old
man. B-mode ultrasound
demonstrates a hypoechoic
lesion. The histological
diagnosis, surgically
proven, was that of a
Leydig-Cell Tumour
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Fig.9.122 Colour
Doppler ultrasound
demonstrates a high
vascularity within the
tumour in comparison to
the surrounding tissue

Fig.9.123 VTIQ velocity
colour overlay displayed
relative shear wave
velocities according to the
adjacent colour spectrum,
red areas corresponding to
higher values and blue
areas corresponding to
lower values. Shear wave
velocity was measured in
the Leydig cell tumour
v=2.28 m/s and in the
surrounding tissue level in
the range of

v=1.57-1.63 m/s

pt -
+Vs=1.57 m/s
Depth=1.7 cm
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Fig.9.124 Same lesion as
Fig. 9.123. The entire
testicular tissue and the
lesion are coloured green,
as an indicator of the high
quality of generated shear
waves

Fig.9.125 Same lesion as
Figs. 9.123 and 9.124.
VTIQ displacement mode
showed a low deformation
of the tumour displayed as
dark blue in comparison to
good displacement of the
surrounding tissue
displayed in bright blue
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Fig.9.126 In VTI
elastography mode, the
tumour appears black
indicating stiff tissue,
whereas the peripheral
tissue is shown in bright
grey as an indicator of soft
tissue

Fig.9.127 In VTQ mode,
the shear wave velocity
was measured in the
tumour with a velocity of
v=1.23 m/s
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Fig.9.128 In VTQ mode,
the shear wave velocity
was measured in the
normal tissue with a
velocity of v=0.69 m/s

Vv m/!
Depth=1.5 cm

Fig.9.129 In the strain
elastogram, the tumour
appears black as an
indication of stiff tissue in
comparison to the light
grey display of the soft
surrounding tissue
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