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Abstract

State-of-the-art techniques of ultrasound elastography can contribute to the char-
acterization of focal breast lesions and detection of malignant tumors in various
organs. Another area of current interest is the differentiation of focal liver lesions
in terms of vascularization patterns measured by perfusion ultrasound. This
chapter provides an overview of the different techniques and their diagnostic role
in clinical routine based on a review of the current literature. The most important
techniques are compression or vibration elastography, shear wave elastography
(SWE), and contrast-enhanced ultrasound (CEUS). Currently available scientific
evidence suggests that elastography provides important supplementary informa-
tion for the differentiation of breast lesions under routine clinical conditions. The
information is immediately available and improves specificity. Strain ratio (SR)
is especially useful in women with a high pretest likelihood of breast cancer.
Prostate cancer also shows characteristic differences in terms of elastographic
properties compared with surrounding tissue. Here, elastography can improve
targeted biopsy for the workup of suspicious focal lesions and is superior to rou-
tine prostate biopsy guided by B-mode ultrasound. CEUS has high diagnostic
accuracy and is comparable to computed tomography (CT) and magnetic reso-
nance imaging (MRI) in terms of tumor characterization. Having a low rate of
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adverse effects, CEUS can be used in patients with impaired renal function or
contraindications to CT or MRI contrast agents. Quantifiable elastography and
CEUS have recently started to expand the role of classic B-mode ultrasound in
oncology. Quantification of tumor stiffness and perfusion can improve the dif-
ferential diagnosis. These two ultrasound techniques are beginning to enter the
clinic and offer a fascinating potential for further advances including improved
standardization of ultrasound diagnosis.

19.1 Part A: Application of Ultrasound Elastography
19.1.1 Introduction

Tissues have inherent elasticity, which changes with normal aging or when disease
such as inflammation or a tumor is present. A variety of ultrasound techniques,
jointly known as sonoelastography, have been developed since the early 1990s to
assess the elasticity of biological tissues [1-3] (see Chap. 12). The external force
required to induce tissue deformation depends on the tissue’s shear modulus [4, 5]
and appears to be altered in tumor tissue (see Chaps. 2 and 5 for constitutive equa-
tions and biophysical background). Clinical studies in different organ systems have
shown that determination of tissue elasticity provides important supplementary
diagnostic information. The organs investigated include the parotid [6], thyroid [7,
8], liver [9, 10], prostate [11], and cervix [12]. Special attention has been paid to the
sonoelastographic characterization of tumorous lesions in the breast [13—15] and
prostate. For breast imaging, it has been shown that using tissue elasticity as an
additional criterion improves specificity [13—17] and lowers the number of false-
positive findings [14]. Breast sonoelastography thus has the potential to reduce the
need for biopsy in the future. An important clinical advantage of sonoelastography
is that it is generally available and quick to perform at little extra cost. The high
spatial resolution of ultrasound allows determination of the elastic properties of
small structures (less than 5 mm). On the other hand, sonoelastography has some
technical disadvantages including the limited penetration depth of only 5—6 cm (for
transient-based techniques), sensitivity to the axial displacement component only,
and the examiner dependence. More details on the comparison between state-of-the
art sonoelastographic modalities can be found in Chap. 12. The following sections
present clinical applications of sonoelastography in the diagnostic evaluation of
malignant tumors of the breast, thyroid, and prostate.

19.1.2 Breast Cancer

Breast lesions may be very small (on the order of 5 mm), and their detection there-
fore requires an elastographic imaging technique with high spatial resolution.
Research has focused on techniques using absence of elasticity for the evaluation of
focal breast lesions. This criterion contributes to the characterization of breast
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lesions detected by ultrasound. The use of tissue elasticity as an additional diagnos-
tic parameter has been shown to increase specificity and to improve the separation
of benign and malignant focal lesions classified as BI-RADS (Breast Imaging
Reporting and Data System) category 3 or 4 [18]. The technique thus reduces the
number of false-positive findings and could spare many women unnecessary breast
biopsies in the future. When the technique was first introduced, differentiation of
benign and malignant breast lesions relied on subjective and/or semi-quantitative
approaches (Fig. 19.1a, b).

Fig. 19.1 A 48-year-old patient presenting with a suspicious lesion palpated in the right breast.
The ultrasound B-mode image shows an irregular, microlobulated, spiculated focal lesion measur-
ing 1.2 cm with marked ductal dilation in the vicinity of the lesion (a). The B-mode appearance is
consistent with a BI-RADS 5 lesion. Ductal dilation in the vicinity of the lesion may indicate a
DCIS component. There is ample perfusion of the lesion and a vessel entering the focal lesion
perpendicularly (b). TDI shows complete absence of color pixels in the lesion, consistent with
incompressibility (¢). Both techniques confirm breast cancer. The fat-to-lesion strain ratio (FLR) is
only slightly elevated at 1.62 (d). Shear wave elastography (SWE) shows faster transmission of
signals through the breast lesion (e), which is reflected in an increase in the SWE ratio (f)



T. Fischer et al.

1t ) ﬁ[i
T 0.953 % Ratio1 1.62
R 1.547 %
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In real-time elastography, the examiner uses the ultrasound transducer to com-
press the tissue from outside the body and then to measure the resulting tissue
movement or deformation. The elasticity information obtained in this way is dis-
played as a color map superimposed on the grayscale image in real time. In real-
time elastography, many investigators use the blue color spectrum to represent low
strain, which is equivalent to a high intrinsic elastic modulus (hard tissue), while
green and red colors are used to indicate intermediate to high strain, i.e., low elastic
modulus or soft tissue. Of note, most shear wave-based systems have a reversed
scale, that is, red for stiff tissues and blue for soft (normal) tissues. State-of-the-art
ultrasound systems allow free selection and reversal of the available color scales.
Standardization would be desirable. In women with low breast tissue density, elas-
tography has been found to markedly improve detection and characterization of
focal lesions. In women with involuted glandular tissue, real-time elastography has
been shown to increase specificity from 69 to 80%. This is important since the diag-
nostic accuracy of B-mode ultrasound decreases with involution of breast paren-
chyma. A multicenter study of 779 women has confirmed these results [14].

In the further development of sonoelastography of the breast, standardization
was improved by the introduction of a fat-to-lesion strain ratio (FLR), which defines
the relationship between the elasticity of fatty tissue and that of the breast lesion
(Fig. 19.1d). The FLR is calculated from a region of interest (ROI) encircling the
entire breast lesion and a second ROI placed in the surrounding fatty tissue and is
compared individually and intraindividually [15, 19]. The most recent studies have
shown that FLR calculation improves the characterization of breast lesions and
allows differentiation of benign and malignant focal breast lesions. In a European
patient population, an FLR cutoff value for discrimination of benign and malignant
lesions ranging between 2.3 and 2.5 has been identified using different US systems,
which differs from the cutoff of 3.1 defined in a population of Chinese women.
These variations may be attributable to ethnic variations in normal glandular breast
density, and they preclude the definition of a single standardized FLR. Nevertheless,
this ratio is a simple and reproducible parameter for the characterization of known
breast lesions. An FLR below the cutoff is highly indicative of a benign breast
lesion, while an FLR above the cutoff is suspicious for a malignant breast tumor. A
suspected malignant lesion requires confirmation by biopsy. Ultrasound elastogra-
phy allows no differentiation of recurrent breast cancer from scar tissue. Scar tissue
developing after surgery and radiotherapy has little intrinsic elasticity and thus has
an FLR in the same range as malignant breast lesions. This is why magnetic reso-
nance imaging (MRI) or biopsy with ultrasound guidance will continue to be neces-
sary for ruling out cancer recurrence.

Tissue Doppler imaging (TDI) can be understood as a special pressure-
independent version of strain elastography and also allows real-time analysis. Tissue
reflection with TDI is very low; however, the signal has very high amplitude com-
pared with the fast signals obtained by classic color Doppler ultrasound, where red
blood cells serve as reflectors. When operated in the dual mode, information on
tissue distortion is superimposed on B-mode views using red and blue as with con-
ventional color Doppler imaging. Malignant breast lesions are characterized by the
absence of color pixels, while benign lesions are filled with color pixels and typi-
cally appear markedly smaller in TDI (Fig. 19.1c). Therefore, TDI allows
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significant differentiation of benign and malignant focal breast lesions (p < 0.001)
(Fig. 19.1c). This technique is particularly easy to use and the gain in diagnostic
information is immediately apparent [20]. Although it can theoretically be imple-
mented into all ultrasound systems, TDI has not yet become established as a routine
clinical procedure.

A first large meta-analysis of sonoelastography was conducted in 2012 and
included 5511 breast lesions [21]. In this analysis, specificity increased from 70 to
88% with the use of elastography. The use of sonoelastography can reduce the need
for breast biopsy particularly in screening populations with a low breast cancer risk.
In the screening situation, however, elastography should not be used as the first
ultrasound method but should ideally be used when B-mode ultrasound findings
suggest a breast lesion. In contrast, when examining women with a high risk of
breast cancer, the technique with the highest correct classification rate should be
used. For breast examinations, this is FLR calculation, which has higher sensitivity
compared with subjective assessment [22].

SWE and transient elastography (TE) rely on a different physical principle and
require a special transducer. In TE, the transducer generates the classic ultrasound
waves and additional low-frequency shear waves in the 50 Hz frequency range. The
speed at which shear waves or transverse waves propagate in the tissue is measured
to derive the tissue’s elasticity modulus. This technique has gained much attention
in recent years for the grading of liver fibrosis [23]. Recently, Stock et al. [24] inves-
tigated the acoustic radiation force impulse (ARFI) technique for the quantification
of renal transplant fibrosis and found a correlation between elastography and histo-
logic fibrosis grading. Only a few clinical studies have evaluated the potential of this
technique for the differentiation of focal breast lesions. Two studies, Evans et al.
[25] and Berg et al. [26], found SWE to increase specificity and thus improve the
characterization of breast lesions (Fig. 19.1e, f). Other techniques, such as magnetic
resonance elastography (MRE), hold promise for further improving imaging char-
acterization of breast lesions. Inherent limitations of MRE such as long examination
times and reduced spatial resolution can be overcome by state-of-the-art single-shot
acquisition techniques and multifrequency vibration. Overall, it is expected that
breast MRE will in the future be used as a short supplementary examination in
patients with a clinical indication for conventional breast MRI. Another promising
method for determining mechanical properties of breast tissue is tomosynthesis
elastography, which uses a tomosynthesis technique to scan tissue layers before and
after static distortion and image registration for the subsequent computation of dis-
tortion maps [27].

Regardless of the medical imaging modality used, elastography is a valid tool for
detecting pathological differences in the cohesiveness of breast tissue. Mechanical
stimulation can be used to derive diagnostic information on tissue properties other-
wise requiring invasive procedures.

19.1.3 Thyroid Cancer

The anatomic location makes elastography of the thyroid more difficult than examina-
tion of the breast, where the surrounding fat can be used as reference for comparison.
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Therefore, absolute elasticity properties of individual thyroid nodules need to be com-
pared, and definition of standardized reference values is difficult. A comprehensive
meta-analysis of the characterization of focal thyroid lesions by elastography is still
lacking. While single-center studies suggest a benefit of elastography in characterizing
thyroid nodules, elastography cannot replace cytology for a definitive diagnosis [28].
Nonpalpable thyroid nodules are a common incidental finding in asymptomatic
individuals. Ultrasound is the first-line imaging modality in the workup of small
incidentally detected thyroid nodules. While small nodules <1 cm in size are typi-
cally managed by follow-up, the further procedure in individuals with nodules
>1 cm in size depends on the initial ultrasound findings and may include laboratory
tests, fine-needle aspiration cytology (FNAC), and scintigraphy. Besides the general
appearance at B-mode or color duplex ultrasound, a number of individual features
are assessed to identify malignant thyroid nodules including echotexture/hypoecho-
genicity, presence of microcalcifications, absence or poorly defined margin and cen-
tral hypervascularization, as well as conspicuous lymph nodes [28]. Diagnostic
accuracy relies on the examiner’s experience [28]. Some of the features that are
typical of malignancy may also be present in benign thyroid nodules. As a result,
high-resolution US has low specificity, and elastography has been investigated to
determine its potential for improving the specificity of thyroid US. However, cur-
rently available data were obtained in small, selected patient populations with an
indication for FNAC [29]. The first studies of thyroid sonoelastography were per-
formed using the technique of strain elastography and manual tissue compression
with the ultrasound transducer [29, 30]. Different scoring systems such as the Ueno
score have been proposed (ranging from 1 for mostly soft tissue to 4/5 for com-
pletely hard tissue); however, thyroid nodule categorization using these scores has
been found to have only moderate interobserver validity of <68% in unselected
patient populations [29-31]. These results were improved with the introduction of
semi-quantitative elasticity indices and definition of cutoff values, which resulted in
reported sensitivities of 74-98% and specificities of 72-100% [32, 33]. There is
agreement among investigators that strain elastography of the thyroid is a supple-
mentary technique for improving the specificity of high-resolution B-mode ultra-
sound and that the sensitivity of combined B-mode ultrasound and color-coded
Doppler ultrasound (CD-US) appears to be superior to elastography [32, 33].
Another approach to standardization is to exploit carotid artery pulsation for
inducing pressure-dependent deformation of the thyroid, and a study has shown that
this approach reduces examiner dependence [34]. Furthermore, attempts have been
made, using ARFI [35] and SWE, to develop an examiner-independent technique
for the measurement of the propagation velocity in m/s or of pressure in kPa. Again,
cutoff values were determined to discriminate benign and malignant lesions. Initial
optimistic results with specificities of 93-95% [35] were not confirmed in later
studies, where specificities of 71-78% were found [1, 36]. This is below the speci-
ficity of strain elastography and suggests that examiner dependence might not be an
issue. Multicenter studies should be performed in unselected patient populations
with subsequent histological confirmation of findings. So far, the superior specific-
ity of elastography mainly helps in identifying patients who should undergo
FNAC. Having relatively low sensitivity, elastography cannot be recommended as
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the only test for the follow-up of presumably benign thyroid nodules, and FNAC
continues to be required for diagnostic confirmation.

19.1.4 Prostate Cancer

Men with an elevated prostate-specific antigen (PSA) level or abnormal prostate
findings in the digital rectal examination (DRE) undergo workup by transrectal
ultrasound (TRUS) in combination with systematic biopsy for histologic confirma-
tion. In a subgroup of these patients, TRUS-guided biopsy fails to detect cancer
despite increasing PSA levels, and multiple biopsies may be necessary before a
diagnosis can be made [37, 38]. Since negative TRUS-guided biopsy does not rule
out prostate cancer, healthy men may be repeatedly exposed to the possible risks
(infection, bleeding) of this invasive procedure. Moreover, the detection rate mark-
edly decreases with each repetition of prostate biopsy [37]. Many suggestions have
been made to improve the cancer detection rate of TRUS. Since it is known that
prostate cancer is associated with changes in metabolism and perfusion [39, 40],
techniques such as color Doppler US and contrast-enhanced ultrasound (CEUS) at
high frequency as well as elastography have been proposed for prostate cancer
detection without achieving decisive progress [41]. Data on TRUS elastography are
highly variable with reported sensitivities for prostate cancer detection ranging
from 25 to 92% [42, 43]. A breakthrough was finally achieved by combining multi-
parametric 3 T MRI without the use of an endorectal coil for localizing suspicious
lesions within the prostate with subsequent use of these data for real-time MRI/US
fusion biopsy. Initial results with MRI/US fusion biopsy in subgroups of patients
showed detection rates that were comparable to that of the time-consuming and
expensive method of MRI-guided biopsy [44]. Fusion biopsy is also performed
using a multiparametric approach combining color Doppler, CEUS, and elastogra-
phy. The advantage of this technique is in the assessment of focal lesions in a given
plane like the MRI, which also takes the high detection rate of prostate cancer by
MRI into account. Both CEUS and elastography have shown high specificity in
multiparametric US. Approaches for using elastography aim at identifying suspi-
cious lesions for subsequent targeted biopsy with routine TRUS-based techniques.
Of particular interest is SWE, which yields absolute values for focal lesions com-
pared with the unaffected side. Initial publications on this technique have proposed
cutoff values on the order of 35 kPa [45]. Future studies must show whether the
limited penetration depth of this technique can be improved further and whether
these initial results can be confirmed by multicenter trials. However, elastography
has the potential to provide supplementary information that could be used for rou-
tine TRUS-guided biopsy in patients with abnormal B-mode findings.

19.1.5 Summary of Part A

Based on currently available data, routine clinical elastography could provide
important additional diagnostic information for the differentiation of breast tumors,
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for identifying patients with thyroid nodules (>1 cm) who should undergo FNAC,
and for men with suspected prostate cancer who have abnormal B-mode ultrasound
findings and are scheduled for TRUS-guided biopsy. The use of sonoelastography
improves specificity and directly provides additional diagnostic information. Having
high detail resolution, sonoelastography allows reliable evaluation of lesions once
they have reached a size of 5 mm. Besides real-time elastography based on strain
imaging, SWE will gain wider acceptance in the future as it allows quantification of
parameters. With ultrasound having a minor role in the classification of tumors, as
discussed here for different cancers, the expected role of elastography is also lim-
ited; however, this should not prevent researchers from considering all tumors of a
specialty when evaluating the potential of a new imaging modality. In addition,
larger studies should investigate whether elastography yields adequate results for
various diagnostic queries even in the hands of less experienced examiners. Papillary
thyroid cancer appears to be harder than follicular and medullary thyroid cancer.
Invasive ductal carcinoma is harder than invasive lobular breast tumors. This is
where elastography has the potential for identifying tumor subgroups. Nevertheless,
sound statistical data or evidence from large multicenter studies is still lacking. Not
all malignant tumors are hard and not all benign tumors are soft, which is a funda-
mental limitation of elastography. On the other hand, sonoelastography requires
little extra time and the cost is very low. These advantages make sonoelastography
an attractive option and could contribute to its wider use in different diagnostic
settings.

19.2 Part B: Contrast-Enhanced Ultrasound
19.2.1 Introduction

The visualization of tissue properties and tissue perfusion is an important compo-
nent of the diagnostic evaluation of tumors and kidneys and in trauma patients by
any imaging modality. Conventional vascular ultrasound (US) techniques such as
color duplex ultrasonography (CDUS) do not depict vessels with a diameter of less
than about 30 mm. Furthermore, this method is susceptible to error due to examiner
dependence and the effect of systemic disease such as atherosclerosis which often
results in artifacts and posterior acoustic shadowing. The advent of nonspecific
ultrasound contrast media (USCM) has markedly improved the detection of very
slow blood flow in small vessels. The potential of target-specific USCM for demon-
strating neoangiogenesis in cancer is a new approach. Possible candidates for such
a contrast agent are microbubbles to which a vascular endothelial growth factor
receptor 2 (VEGFR2)-binding peptide or antigen is coupled, which selectively mark
areas of tumor neoangiogenesis. Unspecific USCM might be superior in the diagno-
sis of abnormal tumor perfusion compared with conventional US since tumor perfu-
sion is associated with characteristic changes of the arterial inflow and the late
washout phase of the contrast agent.
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19.2.2 Contrast-Enhanced Ultrasound of the Liver

In 2001, phospholipid-stabilized microbubbles of a poorly water-soluble gas (e.g.,
sulfur hexafluoride, SF6, SonoVue®) became commercially available as a second-
generation ultrasound contrast agent [46]. This microbubble preparation is very
stable, providing prolonged contrast and enhancing the ultrasound signal in blood
vessels including the capillary system by several orders of magnitude (by a factor of
approx. 103). The SonoVue microbubbles have a mean diameter of 2.5 pm and are
smaller than red blood cells (7 pm), allowing them to distribute freely in the blood
vessels and capillaries [47-50].

When exposed to low ultrasound energy, the microbubbles generate only linear
backscatter. With increasing energy, once certain range is reached, the microbubbles
begin to oscillate at eigenfrequency with a characteristic resonance spectrum.
Following injection into a peripheral vein, the microbubbles will reach the organs
and distribute in their capillary beds, resulting in homogeneous opacification of
normally perfused organs or parts [51]. State-of-the-art ultrasound devices can be
operated in a special mode to sample and process the specific nonlinear reflection
from the microbubbles for selective visualization with very high temporal resolu-
tion of parenchymal perfusion (typically as color-coded information) [47].

Unlike conventional CT and MRI contrast agents, the ultrasound microbubbles do
not diffuse into the interstitial space, and they are not eliminated by the kidneys but are
exhaled via the lungs within a few minutes [48, 52]. Ultrasound contrast agents are
considered to be very safe because they are biologically inert, are not nephrotoxic, and
do not interact with the thyroid, and the incidence of allergic reactions following micro-
bubble administration is well below that of conventional CT contrast agents [53].

One of the strengths of CEUS is the high temporal resolution of perfusion visualization
compared with other imaging modalities. The safety profile of ultrasound contrast agents
allows repeated administration in serial follow-up examinations at short intervals [52].

Ultrasound is usually the first-line imaging modalities for diagnostic evaluation
of patients with metastatic liver lesions. Focal liver lesions are common, with a
reported prevalence of approx. 5% [54]. Liver ultrasound is performed at a fre-
quency range of 2-9 MHz (Figs. 19.2 and 19.3).

Fig.19.2 In this patient
with suspected pharyngeal
cancer, abdominal staging
by standard B-mode
ultrasound reveals a
hypoechoic liver lesion
(yellow arrows)
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Fig. 19.3 The lesion (yellow arrows) does not have increased vascularization on color flow imag-
ing (see patient description in Fig. 19.2)

The liver is the main target of metastatic disease with 25-50% of all cancer
patients having liver metastases at the time of diagnosis [55]. The treatment options
(surgical resection versus interventional treatment) depend on the size, number, and
localization of liver metastases [56, 57]. This is why reliable detection and charac-
terization of liver lesions is crucial for estimating the prognosis and the choice of
treatment [58, 59]. In a meta-analysis, Kinkel et al. found the detection rate for liver
metastases of gastrointestinal malignancies to be only 55% for B-mode ultrasound
versus 72%, 76%, and 90% for contrast-enhanced CT, MRI, and PET, respectively
[60, 61].

The advent of CEUS in 2001 fundamentally changed the diagnostic accuracy of
ultrasound. In a German multicenter study, CEUS correctly characterized approx.
90% of focal liver lesions [58].

The EFSUMB Guidelines distinguish three phases of contrast enhancement in
ultrasound: an arterial phase lasting until approx. 30 s after injection, a portal venous
phase from 30 to 120 s, and a late phase after 120 s [62—-64].

Benign liver lesions such as focal nodular hyperplasia (FNH) and hemangioma
are characterized by isoenhancement to hyperenhancement in the late phase. The
most important criterion distinguishing malignant from benign liver lesions is wash-
out of the contrast agent in the late phase. Depending on the primary cancer, wash-
out of a liver metastasis may begin in the late arterial phase and is nearly always
seen in the portal venous phase (Figs. 19.4, 19.5, and 19.6).

In addition, CEUS can improve the monitoring of interventional treatment such
as radiofrequency ablation (RFA) or transarterial chemoembolization (TACE) and
intraoperative interventions [65, 66].

19.2.3 Summary of Part B

Ultrasound is usually the first-line imaging modalities for diagnostic evaluation of
patients with metastatic liver lesions. The advent of CEUS fundamentally changed
the diagnostic accuracy of ultrasound. CEUS can improve the monitoring of
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Fig. 19.4 Following
administration of the
ultrasound contrast agent,
there is strong marginal
enhancement of the lesion
in the arterial phase (white
arrows, see patient
description in Fig. 19.2)

Fig. 19.5 In the portal
venous phase, the lesion
(white arrows) is
demarcated from
surrounding liver
parenchyma by beginning
washout (see patient
description in Fig. 19.2)

Fig. 19.6 In the late
phase, there is increasing
washout of the lesion
(white arrows), confirming
the diagnosis of a liver
metastasis based in
morphologic imaging. The
subsequent liver biopsy
confirmed liver metastasis
from a poorly
differentiated
nonkeratinizing squamous
cell carcinoma (see patient
description in Fig. 19.2)

interventional treatment and the follow-up of tumor patients under drug treatment
and monitor the effect of interventions. Ultrasound contrast agents are considered to
be very safe because they are biologically inert, are not nephrotoxic, and do not
interact with the thyroid, and the incidence of allergic reactions following
microbubble administration is well below that of conventional CT contrast agents.
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Conclusion

Meanwhile elastography and perfusion measurements have been established as
clinical routine methods of ultrasound examinations. Quantifications of elasticity
and perfusion provide objective parameters for tumor stiffness and specific perfu-
sion. Ultrasound contrast agents and elastography are considered to be very safe
because they are biologically inert. Many cancer entities show characteristic differ-
ences in terms of elastographic properties compared with surrounding tissue. Here,
elastography can improve targeted biopsy for the workup of suspicious focal
lesions. Elastography has been demonstrated to be superior to routine biopsy
guided by B-mode ultrasound. CEUS has high diagnostic accuracy and is compa-
rable to CT and MRI in terms of tumor characterization. Having a low rate of
adverse effects, CEUS can be used in patients with impaired renal function or
contraindications to CT or MRI contrast agents. Quantifiable elastography and
CEUS have recently started to expand the role of classic B-mode ultrasound in
oncology. Quantification of tumor stiffness and perfusion can improve the differ-
ential diagnosis. These two ultrasound techniques are beginning to enter the clinic
and offer a fascinating potential for further advances including improved standard-
ization of ultrasound diagnosis.
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