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In multimodal radiologic imaging, contrast-enhanced ultrasound (CEUS) is increasingly
used. One of the advantages of CEUS is the possibility of repeated application of
contrast media without decreasing renal function or affecting the thyroid gland. Small
solid liver lesions can be diagnosed and detected with high accuracy. Moreover, solid
lesions in other abdominal organs can also be characterized. Frequent applications for
solid lesions in the near field concern thyroid tumors and lymph nodes. For prostate
diagnostics, CEUS can be used with an endorectal probe and perfusion imaging. This
review explains how the additional (semi-)quantitative perfusion analysis, especially
time—intensity curve (TIC) analyses, and wash-in/wash-out kinetics of integrated or
external perfusion software programs facilitate new options in dynamic assessment of
microvascularization during tumor follow-up care and even minimally invasive tumor

Ultrasonography - Diagnostics - Quantification software (VueBox) - Microvascularization - Tumor

Contrast-enhanced ultrasound (CEUS)
enables a high spatial and temporal
resolution as well as a dynamic assess-
ment of macro- and microvasculariza-
tion down to the capillaries. First-gener-
ation contrast agents, such as Levovist®
(Bayer Vital, Germany), are no longer
used for abdominal organs. The contrast
media in current use are sulfur hexaflu-
oride microbubbles (SonoVue®, Bracco,
Italy) with a diameter of 2-10 um. When
enhanced with ultrasound, the oscilla-
tion enables an amplification of the echo
signal.

Mostly bolus injections of 1.0-2.4ml are
used via a cubital vein and are typically fol-
lowed by a flush of 10 ml sodium chloride.
The bubbles remain strictly intravascular
unlike gadolinium-chelates used as vascu-
lar contrast agent in magnetic resonance
imaging (MRI) or iodinated contrast media

in computed tomography (CT). The sec-
ond-generation echo-signal enhancers are
used with low mechanical index (Ml < 0.2)
and reduced transmission power [1, 2].

Contrast-enhanced ultrasound enables
a dynamic evaluation of microvasculariza-
tion in solid lesions from the early ar-
terial phase (10-15s), the arterial phase
(15-455), the portal venous or parenchy-
matous phase (45-70s), and the venous
phase up to 1205 after the injection. For
evaluation of the late phase, the microbub-
bles can be observed up to 5 min after the
injection. Even though some lesions might
show a specific CEUS pattern, e.g., a spoke
wheel pattern, it might sometimes be cru-
cial for the detection and characterization
of solid lesions to evaluate the wash-in
and wash-out kinetics [3, 41.

Mostly benign lesions tend to show
a more regular perfusion pattern, whereas
malignant lesions typically have a more

Der Radiologe - Suppl 1-2021 S19


https://doi.org/10.1007/s00117-021-00891-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s00117-021-00891-7&domain=pdf

Review

chaotic pattern. With CEUS perfusion,
a quantification of these wash-in patterns
can be achieved using digitally stored cine
loops. These cine loops are stored contin-
uously for T min after bolus injection of the
contrast media. Parameters such as time
to peak (TTP) and area under the curve
(AUC) can be calculated and time—intensity
curve analyses (TIC) can be drawn. Perfu-
sion quantification is mostly performed by
integrated software by the manufacturer
on high-end ultrasound machines. The re-
sults of the integrated software can then
be digitally stored in the picture archiving
and communication system (PACS). Al-
though only relative units (rU) and sec-
onds are used and thus only a semiquan-
titative analysis is possible, the AUC can
estimate the perfusion volume. Hyperper-
fused solid lesions typically show a short
TTP (s) and high rU for AUC, as they are
most frequently used for integrated per-
fusion software [1, 5].

When treating malignant solid lesions,
the aim of the treatment is a significant
decrease in the AUC, especially in the ar-
eas of tumor neovascularization with an
increase in TTP. Additionally to AUC and
TTP, integrated perfusion software is now
able to calculate parameters such as mean
transit time (mTT) and peak enhancement
(PE). These results can then be displayed
using pseudo or false colors. Using false
colors, red forinstance, shows fastand high
contrast media enhancement, decreasing
from yellow to orange down to green, blue
and purple shades, which show lower per-
fusion, according to European Federation
of Societies for Ultrasound in Medicine
and Biology (EFSUMB) guidelines [1]. By
using additional parameters, such as wash-
in rate, rise time (RT), and wash-out rate,
local perfusion changes of solid lesions
can be detected [3, 6].

With external perfusion software such
as VueBox® (Bracco, Italy), an integrated
motion correction enables an even more
detailed evaluation of microvasculariza-
tion concerning wash-in and wash-out ki-
netics, since cine loops for up to 2min can
be evaluated and more parameters are cal-
culated compared to integrated software.
A homogeneous arterial perfusion shows
benign lesions. On the other hand, an
irregular fast and high hypervasculariza-
tionis typical for malignant lesions. For the
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evaluation of wash-out kinetics, the time
course as well the extent and the amount
of the wash-out are important for deter-
mining whether it is a benign or malignant
lesion. The main criteria for malignant liver
lesions are, in particular, a loss of contrast
enhancement/a wash-out starting in the
portal venous phase increasing to the late
phase. Benign lesions, on the other hand,
tend not to show a wash-out until the late
phase or only a very circumscribed wash-
out as seen in a central scar such as in
focal nodular hyperplasia (FNH).

When using CEUS perfusion theamount
of wash-out kinetics can be assessed in
a more detailed way. A fast wash-out, for
example, is more likely to be a cholan-
giocellular carcinoma, whereas a hep-
atocellular carcinoma shows prolonged
wash-out kinetics until the late phase (up
to 4-5min after the injection; [7]). For
follow-up of chemotherapy, evaluation of
the wash-out is also important. Directly
after minimally invasive ablation ther-
apy (microwave ablation, radiofrequency
ablation, irreversible electroporation, or
transarterial chemoembolization), a local
hyperperfusion at the ablation margins
and in the surrounding tissue can be
observed that shows reactive changes
and not treatment failure. In the follow-
up, necrosis and an avascular scar should
be visible. An early local nodular hy-
perenhancement together with a wash-
out in the late phase shows remaining
tumor or recurrence during follow-up. All
these changes can be assessed with ex-
ternal perfusion software and parametric
imaging [3].

Worldwide, the majority of all CEUS ex-
aminations are performed to assess liver
lesions with recently updated guidelines
[1, 4]. However, CEUS is more and more
frequently applied in non-hepatic dynamic
examinations [8]. For these non-hepatic
indications, CEUS perfusion is applied. Re-
garding the evaluation of early therapy
success in gastrointestinal tumors, CEUS
perfusion has been successfully evaluated
[4, 6, 9.

When using SonoVue® as ultrasound
contrastmedia, in very rare cases a contrast
media intolerance can be observed [10].
Adverse events were reported in 0.13%
and severe adverse events in 0.04% of all
cases [1, 11-13]. These sulfur hexafluo-

ride microbubbles do not decrease kidney
function even after repeated application,
neither do they affect the function of the
thyroid gland, which is an important ad-
vantage over other contrast media such
as those applied for CT and MRI. Here,
the most important applications of CEUS
perfusion for detecting and characterizing
lesions within solid abdominal organs will
be addressed, based on the recent litera-
ture and the authors’ own clinical studies.

Equipment for CEUS

For abdominal imaging, high-resolution
multifrequency convex probes from 1 to
6 MHz are most commonly used. For the
near field and for many non-abdominal
examinations, linear probes are used for
CEUS, most frequently between 6 and
9MHz. With the option of virtual convex
scanning, the scanning field is increased
in depth. Deeper penetration is possible
by reducing the frequencies, even though
the resolution decreases. Conversely, by
adjusting the frequencies to higher fre-
quencies the local resolution is increased;
however, the depth of scanning is equally
decreased. For lesions that are close to the
liver surface or to the liver capsule, less
than 4 cm deep, high-frequency probes (at
least 10-15MHz) can be used, especially
when used intraoperatively.

Dynamic CEUS with SonoVue® requires
a significant reduction of the transmis-
sion power and of the mechanical index
(MI<0.2). The imaging is performed in
a shared screen mode, with B-mode and
CEUSvisible at the same time. High-end ul-
trasound machines are required, because
only then can an adequate resolution be
achieved with low transmission energy in
B-mode.

Digital imaging and communication in
medicine (DICOM) videos of up to 3min
long should be stored and transferred to
PACS. It is recommended to store DICOM
raw data on the ultrasound machines, be-
cause then all types of imaging optimiza-
tion and perfusion analyses are also pos-
sible retrospectively.

Contrast media application

After obtaining written informed consent,
the application of sulfur hexafluoride
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Fig. 1 A Contrast-enhanced ultrasound perfusion imaging with VueBox® (Bracco, Italy) of a small histopathologically proven
hepatocellular carcinoma.a Irregular arterial hypervascularization in the tumor center and at the tumor margin with wash-

out beginninginthe portal venous phase. b False colors for parametric imaging: red and yellow for the tumor hyperenhance-
ment. ¢ Evaluation of the wash-in rate.d Numeric values of the TICanalysis (c), VueBox® Screenshot with permission of Bracco

Imaging, Italy

microbubbles (SonoVue®) should be per-
formed if possible via a cubital vein.
A large cannula should be used (18-20G).
If small peripheral cannulas are employed,
the microbubbles might be destroyed and
a higher dose of contrast media might
be necessary. Before the examination,
the risk of allergic reactions, which is
reported to be 1:10,000 up to 1:400,000,
should be mentioned. A strong allergic
disposition toward contrast media, cardiac
insufficiency, and pulmonary hyperten-
sion are the most frequent risk factors
for ultrasound contrast media intolerance.
In some cases of severe cardiac insuffi-
ciency and pulmonary hypertension, an
additional application of oxygen seems to
minimize the risk of allergic reaction. The
standard contrast agent dose of 2.4ml
has to be adjusted to the examination
circumstances and the patient’s weight.
For children the dose can be reduced to
0.5ml. If possible, the injection should
be performed with a three-way stopcock,
where the contrast medium is injected
through a straight arm to reduce the de-
struction of the bubbles. Sodium chloride
is subsequently applied via a side arm,

and a dose of 10ml of saline solution is
usually applied.

During the initial preparation of the
contrast medium, the microbubbles are
formed by shaking. Before each subse-
quent application, the container for con-
trast medium must be shaken again, to
avoid sedimentation of bubbles and carrier
solution before the injection. For more su-
perficial lesions and for higher-frequency
transducers (>10MHz), higher doses of
contrast agent must be used, as this leads
to increased destruction of the bubbles
and a higher MI must be selected in order
to stimulate the bubbles to vibrate. On the
other hand, the higher doses of contrast
agent dose can cause shadowing in the
depth. In particular, in the case of liver
lesions and an underlying hepatic steato-
sis, which already limits CEUS diagnosis,
a higher dose of contrast agent can lead
to a further deterioration in the diagnos-
tic usability. If possible, attention should
be paid to an interval-like examination
scheme, also for perfusion measurements,
since a continuous examination of an indi-
vidual area for too long leads to excessive
local bubble destruction, which in view of
the late phase often does not allow for

sufficient assessment. This phenomenon
is most pronounced in the near field. An
incorrect examination in this regard can
lead to a “pseudo-washout phenomenon,’
e.g., in the case of hemangiomas. Another
influencing factor that can lead to an early
reduction of the contrast agent in the ex-
amination area is excessive pressure on
the transducer. Therefore, during breaks
in the examination, care should be taken
to ensure that the examiner relieves the
pressure on the area to be examined. In
addition, if possible, care should be taken
to ensure that the transducer isin a vertical
position during the CEUS, as sound beams
incident at an angle to the surface of the
organ increasingly scatter and accelerate
the local bubble destruction.

In patients onaventilation machineand
during intraoperative CEUS examination,
abolusinjection with up to 5 ml of contrast
media can be applied mostly via a central
venous catheter. Continuous application
with a special contrast media pump is
the exception. This kind of application is
mostly used for perfusion kinetics in tumor
research.

Furthermore, there is also the possibil-
ity of a “destruction burst,” when all the
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Fig. 2 A Contrast-enhanced ultrasound perfusion imaging after microwave ablation therapy (MWA) of a small histopatholog-
ically proven hepatocellular carcinoma.a No arterial hypervascularization in the ablation area is visible after the treatment.
Dynamic curve analysis up to 60 s and perfusion analysis using VueBox®(Bracco, Italy). b False colors for parametricimag-
ing showing yellow and blue shades for the ablation area as a sign of a central devascularization. c Evaluation of the peak
enhancement with highest level (green) for the surrounding healthy liver tissue in time—intensity curve analysis.d Numeric
values of the TICanalysis (c), VueBox® Screenshot with permission of Bracco Imaging, Italy

bubbles in the field that has just been
exposed to the ultrasound waves are de-
stroyed by a high-energy impulse. Thus,
there is the possibility of renewed obser-
vation of contrast media wash-in.

Hepatocellular carcinoma

Contrast-enhanced ultrasound perfusion
allows for a continuous local dynamic as-
sessment of wash-in and wash-out kinetics
using continuously stored cine loops for
a duration of 3 min. Typically, hepatocel-
lular carcinoma (HCC) lesions of more than
1.5 cm in diameter show an early and high
irregular hypervascularization in the cen-
ter with low values for TTP and high values
for AUC as well as for peak enhancement
(B Fig. 1). For small lesions with a diam-
eter of maximum 10mm, the wash-out
might be incomplete or even non-exis-
tent. For lesions less than 3cm, there is
a partial hypoperfused necrosis in the cen-
ter. Poorly differentiated HCC lesions less
than 1.5cm might even show a late wash-
out after 4min. Hence, the CEUS LI-RADS
(Liver Imaging Reporting and Data Sys-
tem) classification was established. This
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classification was adjusted to MRI and CT
as reference imaging [7].

In comparison with a cholangiocellular
carcinoma, HCCs often show a delayed
wash-out kinetic with different values
for mTT and RT. After a successful re-
section, an avascular scar should be
observed. Also for the follow-up after ab-
lation therapy, with microwave ablation
(B Fig. 2), radiofrequency ablation, or irre-
versible electroporation, there should be
a complete avascular defect. After percu-
taneous embolization treatments such as
TACE (transarterial chemoembolization),
there should be a clear devascularization
visible with a decrease in AUC and peak
enhancement.

It is important to keep in mind that
the differentiation of regenerative or dys-
plastic nodules or early stages of HCC in
small hypervascularized lesions with a di-
ameter of a maximum of 10 mm might be
difficult or even impossible to safely de-
tect when using SonoVue®, because this
is a strictly intravascular contrast medium.
Eventhoughthese contrastmedia have not
yet been approved, in vivo tumor-specific
contrast media like BR 55® or even liver-

specific ultrasound contrast media (anal-
ogously to MRI) are in trials [3, 7, 14-16].

Liver metastases

For the most frequent intrahepatic metas-
tasis of colorectal carcinoma, CEUS is supe-
rior to normal B-mode ultrasound, when
it comes to the detection and character-
ization of especially small solid nodules
(less than 10mm). Typically, there is an
early arterial hypervascularization at the
margins and a wash-out starting from the
portal venous phase. This enhancement
pattern can also be seen in metastasis
of breast cancer, thyroid cancer, and kid-
ney cancer. Neuroendocrine tumors show
an irregular arterial hypervascularization;
however, they do not necessarily have to
show a wash-out, especially if there are
only small metastases. Intraoperatively,
CEUS with linear probes is ideal for solid
tumors, which in daily routine are often
diagnosed with contrast-enhanced CT or
MRI. The TIC analysis shows a wash-out
after arterial enhancement for metastases.
During chemotherapy the AUC should be
reduced, while TTP is normalized again. Ex-
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Fig. 3 A Contrast-enhanced ultrasound perfusionimaging of a kidney.a Early arterial hypervascularization at the center with
wash-outbeginninginthe venous phase. b Evaluation of the peak enhancementwith lower levels at the kidney cortexinacase
of reduced peripheral microvascularization (green/blue).c Dynamic curve analysis up to 60 s.d Numeric values of the TICanal-
ysis (c), VueBox® Screenshot with permission of Bracco Imaging, Italy

ternal perfusion software can additionally
calculate wash-in and wash-out kinetics.
This is how a diagnostic accuracy of 98%
can be achieved under ideal conditions.
With CEUS perfusion, safe monitoring
after operative and interventional treat-
ment of metastasis is possible. The aim
of every treatment is devascularization or
wherever possible a complete resection.
During systemic chemotherapy and af-
ter a local application of chemotherapy,
there should be a significant reduction in
AUC and peak enhancement. However,
changes in MTT, RT, and TTP can be seen
with a prolonged wash-in kinetics [9].

Benign liver lesions

The most frequent benign solid liver le-
sions are hemangiomas, FNH, and adeno-
mas. The most important characteristic for
benign lesions is a regular enhancement
from the arterial phase, which can be ob-
served as nodular enhancement in hem-
angioma, a wheel-like pattern from the
center to the margins in FNH and a regu-
lar enhancement from the margins to the
center in adenomas. This enhancement
pattern can be assessed when using para-

metric imaging. Of note, benign lesions
tend not to show a wash-out. However,
in cases of FNH, a hypo-enhancing central
scar might be visible.

The diagnosis of atypical or partially
necrotic adenoma might be more diffi-
cult. Firstly, there is an incomplete arte-
rial enhancement and an additional par-
tial wash-out. Even with CEUS perfusion, it
might be difficult to differentiate between
amalignant lesion and an adenoma. More
studies need to be conducted, especially
concerning non-strictly intravascular or tu-
mor-specific ultrasound contrast media.
Especially if the reference imaging with
CT or MRI does not show typical features
of a benign lesion, a histologic specimen
collection might be necessary. This might
be conducted with the help of (CE-) US
guidance [17].

Kidney lesions

For the characterization of complicated
cystic kidney lesions (Bosniak IIF and Il)
CEUS as an additional imaging method for
CT or MRI is increasingly used [18].
According to recent clinical evaluations
[19], the high resolution of details allows

for the early recognition of complicated
cystic lesions or small papillomas. Ma-
lignant kidney lesions are mostly charac-
terized by irregular hypervascularization.
However, it is important to mention that
not all malignant lesions show a portal-
venous wash-out in the late phase after
3-5min, especially in small lesions. In
angiomyolipomas there is a partial early
enhancement.

This early enhancement can be dis-
played with parametric imaging, TIC anal-
ysis, or external perfusion software. Hy-
poperfusion and infarcts in the original
kidneys, as well as a rejection reaction
after kidney transplantation, can be dis-
played and quantified with CEUS perfusion
([19-22]; @ Fig. 3).

Prostate carcinoma

For diagnostics of prostate lesions, endolu-
minal and special three-dimensional (3D)
CEUS multifrequency probes are used with
frequencies of between 1 and 8 MHz. For
the diagnosis of prostate cancer, CEUS per-
fusion can help to identify especially ag-
gressive tumors and allow for a focused
biopsy or even a fusion biopsy with MRI to

Der Radiologe - Suppl 12021 S23
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Fig. 5 A a Contrast-enhanced ultrasound perfusion imaging of a small histopathologically proven thyroid adenoma. b Irreg-
ularearly arterial hypervascularization at the tumor margin with wash-out beginning in the venous phase. c Evaluation of the
peak enhancement with higher levels at the margin in comparison with the surrounding tissue.d Numeric values of the TIC

analysis (c), VueBox® Screenshot with permission of Bracco Imaging, Italy

guarantee a greater success rate [23]. Typi-
cal for aggressive tumors is a fast irregular
hyperenhancement with a partial wash-
out. This is how malignant tumors that
are rapidly enhancing show red and yellow
colors at the margins in parametric imag-
ing with internal or external software eval-
uation with false colors in comparison to
the surrounding healthy tissue. It mightbe

S$24  DerRadiologe - Suppl 12021

more challenging to detect tumors in the
apical and dorsal areas, which may require
a3Dtechniqueoralso endoluminal probes.
Clearly, CEUS perfusion allows for better
monitoring after radiologic interventional
treatment of prostate cancer, for exam-
ple, irreversible electroporation [24, 25].
Contrast-enhanced ultrasound perfusion
can help to detect reactive changes like

prostatitis. This is when a prolonged con-
trast media enhancement without early
wash-out can be seen. For differentiation
between prostate cancer and prostatitis
or benign lesions such as adenomas, the
calculation of TTP, AUC, RT, and mTT are
helpful. Prostatitis tends to show a more
spacious and prolonged hyperenhance-
ment, but with a prolonged wash-out.
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Fig. 6 A a Contrast-enhanced ultrasound perfusion imaging of a small histopathologically proven breast cancer. b Irregular
early arterial hypervascularization in the tumor margin with wash-out beginning in the late phase. c Evaluation of the peak
enhancement with highest level (yellow) in the tumor center (bottom left). d Numeric values of the TIC analysis (c), VueBox®

Screenshot with permission of Bracco Imaging, Italy

On the other hand, aggressive prostate
cancer lesions show a rapid nodular en-
hancement and wash-out in the venous
phase ([25-27]; @ Fig. 4).

Thyroid lesions

For CEUS diagnostics, ideally multifre-
quency linear probes should be used
with frequencies between 6 and 9 MHz.
The TI-RADS (Thyroid Imaging Reporting
and Data System) classification contains
B-mode criteria and the detection of
macro-vascularization with Color-coded
duplex sonography (CCDS) for classifica-
tion of benign and malignant lesions of
the thyroid, as well as the assessment
of the necessity of histological specimen
collection. In TI-RADS Il lesions, CEUS is
used to differentiate whether it is an early-
stage malignant tumor [2]. In adenomas,
there is a hypervascularization at the
margins and the typical wash-out in late
phase is missing. By contrast, in thyroid
carcinoma there is a reduced or irregular
vascularization with a typical wash-out.
Contrast-enhanced ultrasound perfusion

with the evaluation of TTP, AUC, peak
enhancement, mTT, and RT can better
differentiate between benign and malig-
nant lesions, when comparing the center
with the margins and the surrounding
tissue (@ Fig. 5). This allows for a focused
ultrasound-guided biopsy [28-30].

Breast lesions

Fundamental B-mode ultrasound is the
primary diagnostic tool as part of mul-
timodal imaging for diagnosis of breast
cancer. Ultrasound can be helpful for as-
sessment of focal BI-RADS (Breast Imag-
ing Reporting and Data System) lIl lesions
during screening with mammography as
the primary imaging method. During the
imaging process of familial breast cancer
with MRI as primary imaging method, ul-
trasound can help in the assessment of
lesions and for ultrasound-guided biopsy.
Moreover, CEUS is an additional tool that
can be used as an supplementary assess-
ment method [2]. With CEUS and perfu-
sion, initial studies have reported success-
ful monitoring of neoadjuvant therapy and

improved diagnostics of small tumors with
partial neovascularization, for example, in
ductal carcinomainsitus. When using peak
enhancement and AUC, irregular dynamic
microvascularization can be observed in
themargins of the breast cancerand can be
displayed when using parametric imaging
(BFig. 6). The first experimental studies
have dealt with the application of tumor-
specific ultrasound contrast media in com-
bination with CEUS perfusion forimproved
diagnosis in early stages of breast cancer
and multifocal suspicious lesions [31-33].

Lymph node diagnostics

In the abdomen, multifrequency convex
probes from 1 to 6 MHz are used for lymph
node diagnostics. For peripheral lymph
nodes, multifrequency linear probes up to
20MHz are used. The primary detection
and characterization of the lymph nodes
is performed by high-resolution B-mode
sonography. However, CEUS with perfu-
sion is use with increasing frequency for
preselected indications [1]. There are, for
example, possibilities for focused therapy

Der Radiologe - Suppl 12021 S25
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Fig. 7 A a Contrast-enhanced ultrasound perfusion imaging of a small histopathologically proven lymph node metastasis.
b Irregular early arterial hypervascularization at the tumor margin with wash-out beginning in the late phase. c Evaluation of
the peak enhancement with significantly higher levels (yellow and green curve) in comparison with the surrounding tissue

(white curve) in time—intensity curve analysis (bottom left). d Screenshot with permission of VueBox (Bracco, Italy)

monitoring in lymphoma or metastasis
of a malignant melanoma. The aim is
the reduction of irregular tumor microvas-
cularization, especially at the margins of
the lymph node metastasis. Furthermore,
there are trials for the improved detection
of the sentinel lymph node in breast cancer
with CEUS or of cervical lymph node metas-
tasis preoperatively in ear-nose—throat tu-
mors. According to initial results, typical
for malignant lymph nodes is a fast wash-
in with short TTP and early wash-out with
the corresponding values for RT and mTT.
This might be seen in the sentinel lymph
nodes in breast cancer ([34]; @Fig. 7).

Contrast-enhanced ultrasound perfu-
sion adds excellent value to a regular
B-mode and CEUS examination for eval-
uation of solid organs. Even during the
Covid-19 pandemic, CEUS offers an excel-
lent possibility of monitoring critically ill
patients at the bedside [35].

Practical conclusion

-~ Contrast-enhanced ultrasound (CEUS)
with perfusion analysis extends diagnos-
tic possibilities especially for the monitor-
ing of tumor therapy.
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- Integrated or external perfusion software
enable the assessment of dynamic mi-
crovascularization with calculation of
Time to Peak, Area Under the Curve, Peak
Enhancement, Mean Transit Time, and
Rise Time.

= For the subtle analysis, digitally stored
cine loops and special equipment are
needed. A variety of new indications are
possible; however, standardization of per-
fusion analysis is still needed.

= Themainindications for CEUS are the eval-
uation of malignant liver lesions, focused
preoperative assessment, and minimally
invasive ablation therapy.
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