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ABSTRACT

Aims: To assess the value of using integrated parametric ultrasound software for contrast-enhanced
ultrasonography (CEUS) of liver tumors.

Methods: 107 patients with liver tumors were studied. CEUS were performed to detect focal lesions. Parametric
images were based on continuous CINE LOOPs, from the early-arterial phase (15 s) to the portal-venous
phase (1 min) generated by perfusion software. The evaluations of the parametric images and their dignity for
liver lesions were performed independently by an experienced and a less-experienced investigator. Computed
tomography, magnetic resonance imaging scans or histological analysis were used as references.

Results: High parametric image quality were obtained in all patients. Among the patients, 44% lesions were
benign, 56% were malignant. The experienced investigator correctly classified 46 of 47 (98%) as benign, and
60 of 60 (100%) as malignant tumors based on the parametric images. The less-experienced investigator
correctly classified 39 of 47 (83%) as benign, and 49 of 60 (82%) malignant tumors, acheaving a high statistical
accuracy of 98% with this type of diagnostic.

Conclusion: Parametric imaging for grading the malignant degree of tumor may be a good complement
to existing ultrasound techniques and was particularly helpful for improving the assessments of the less-
experienced examiner.

Key words: CEUS — parametric imaging — dynamic vascularization — liver malignancies.

Abbreviations: CCC: cholangiocellular carcinoma; CEUS: contrast-enhanced ultrasonography; CHI: contrast
harmonic imaging; CINE-LOOP: digital movie storage of real-time images in chronological order, with the
possibility of subsequent playback; CT: computed tomography; DEGUM: German Society for Ultrasound
in Medicine; DICOM: digital imaging and communications in medicine; FNH: focal nodular hyperplasia;
FSUMB: European Federation of Societies for Ultrasound in Medicine and Biology; HCC: hepatocellular
carcinoma; HIFI: high-intensity focused; MRI: magnetic resonance imaging; MWA: microwave ablation;
PACS: Picture Archiving and Communication System; RFA: radiofrequency ablation; TACE: transarterial
chemoembolization.

INTRODUCTION

of CEUS for characterization of liver tumors has previously
been demonstrated in numerous studies, including multicenter

Despite ongoing progress
in the identification of benign
and malignant liver lesions with
the aid of contrast-enhanced
ultrasonography (CEUS), the
significance of the results crucially
depends on the experience
of the examiner, examination
conditions, and image quality
[1], which limits the clinical
applications and interpretation.
The high diagnostic significance

studies of the German Society for Ultrasound in Medicine
(DEGUM) [2-5]. Depending on the tumor size and tumor
entity, a high diagnostic certainty > 90% can be achieved [6].
Tumors have standard characterizations in wash-in and wash-
out sequences using dynamic evaluation of contrast agent
kinetics in tissue. However, a variety of limitations, such as
limited experience of the examining person, inhomogeneous
liver tissue, deep-seated lesions, or overlays (e.g., by other
organs), may lead to limitations in diagnostic confidence in
daily routines [7-9]. A color-based image evaluation using
artificially-generated parametric color-coded images can
be a solution to this problem and provide a more objective
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assessment of degree of malignancy [10-12]. Based on CEUS
kinetics, this method can be used to generate, store, and evaluate
data in a dynamic digital imaging and communications in
medicine (DICOM) digital movie storage of real-time images
in chronological order, with the possibility of subsequent
playback (CINE-LOOP) format. In addition, color-based image
evaluation is made possible by means of the software integrated
in the ultrasound device used. This evaluation can subsequently
provide good diagnostic confidence even for inexperienced
examiners [13]. This study aimed to evaluate the extent to
which parametric false-color imaging of CEUS in liver lesions
can contribute to improved diagnostics.

METHODS

Ethics

The University of Regensburg approved this study and the
retrospective analysis of CEUS and its perfusion images (Ethics
No. 20-2122-104).

Patients’ Collective

A total of 107 patients, 64 males (59.8%, median age of 66
with standard deviation of + 15) and 43 females (40.2%, median
age of 54 with standard deviation of + 18), were retrospectively
studied by CEUS over a 4-year period (TableI). A prerequisite
for patient recruitment was contrast-enhanced magnetic
resonance imaging (MRI) or computed tomography (CT)
or, in individual cases, histopathological examination of the
existing lesions of the liver to enable comparative diagnosis.
The CEUS examination was performed by an experienced
examiner (>3000 examinations per year for 20 years) using
a high-resolution multifrequency convex transducer (1-6
MHz). The procedure chosen in the present study was CEUS,
which was subsequently evaluated using the device-integrated
perfusion software. Written informed consent was obtained
from the patients for all examinations. A contrast agent allergy
was considered a contraindication.

Table I. Basic demographic characteristics of the enrolled patients

N (%) Age/Median [SD (+)]
107 (100) 61 (£ 15)
Gender
Male 64 (59.8) 66 (+12)
Female 43 (40.2) 54 (+18)

Data are presented as means with standard deviations (SDs) for women,
men, and all patients.

Examination Technique

The examinations were performed according to the European
Federation of Societies for Ultrasound in Medicine and Biology
(EFSUMB) guidelines and based on the multicenter DEGUM
study [3]. Lesions were first examined by B-scan ultrasound
using a high-end device (LOGIQ E9, GE, Milwaukee, WI, USA)
and a convex transducer (1-6 MHz). Macrovascularization
was then assessed by power Doppler and color-coded Doppler
sonography. For the subsequent examination with CEUS,
1.0-2.4 mL i.v. contrast medium (SonoVue®, Bracco, Milan,
Italy) was used followed by a bolus administration of 5-10 mL of
0.9% saline solution. SonoVue®is a second-generation contrast
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agent. The sulfur hexafluoride microbubbles have a phospholipid
coating that accumulates in the blood. The microbubbles
have a diameter of 2-10 um, are strictly intravascular, and
can pass through the capillaries. The interface between sulfur
hexafluoride gas and blood reflects the ultrasound waves,
enhancing the contrast between the tissue and blood. Finally,
digital DICOM loops of 1 min from the onset to the beginning
of the arterial outflow of the contrast medium (and then short
follow-up sequences up to the late phase of 5-6 min) were stored
in the Picture Archiving and Communication System (PACS).

Characterization of Liver Lesions by CEUS

The typical characteristics of benign liver lesions are
progressive enhancement without late wash-out, nodular
from the margin in hemangiomas, radicular in focal nodular
hyperplasia (FNH), and from the margin to the center in
adenomas. Malignant lesions typically show irregular arterial
contrast in metastases starting from the margin (especially
colorectal tumor sites) and in hepatocellular carcinoma (HCC)
and cholangiocellular carcinoma (CCC) in the center with
subsequent increasing wash-out towards the late phase. In
the low-mechanical index (MI) technique, the enhancement
patterns correspond to those known from contrast-enhanced
CT [14]. After chemotherapy or ablative procedures, such as
radiofrequency ablation (RFA), microwave ablation (MWA),
irreversible electroporation, or even after transarterial
chemoembolization (TACE), the goal was to devascularize
the formerly irregularly hypervascularized tumor areas as
completely as possible. Residual tumors were characterized by
irregular hypervascularization in the early arterial phase and
wash-out in the late phase (Table II).

Table II. Underlying disease and size of lesions in all patients

n % Size in mm
Median (range)

FNH 11 103 50 (25-100)
Cystic lesion 5 4.7 16 (15-40)
Hemangioma 8 7.5 39 (14-60)
Adenoma 1 0.1 25(1)
Resection without reccurence 7 6.5 25 (15-40)
MWA 12 112 45 (23-60)
MWA and resection 2 1.9 43.5 (37-50)
IRE 1 0.1 23(1)
Metastasis 14 13.1 26 (10-90)
CCC 5 4.7 50 (28-60)
HCC/CCC 1 0.1 33(1)
HCC 23 21.5 40 (13-160)
Hemangioendothelioma 1 0.1 120(1)
TACE with recurrence 2 1.9 20 (15-45))
MWA with recurrence 6 5.6 12 (10-15)
Resection with recurrence 5 4.7 18 (12-50)
Metastasis with a cyst 2 1.9 20 (10-30)
HCC with a dysplastic node 1 0.1 18(1)

FNH: focal nodular hyperplasia; MWA: microwave ablation; IRE:
irreversible electroporation; CCC: cholangiocellular carcinoma; HCC:
hepatocellular carcinoma; HCC/CCC: mixed types; TACE: transarterial
chemoembolization.
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Examination by CT, MRI, and Histology

Computed tomography was performed as at least two-phase
CT with arterial and portal venous phases, and with late phase
(after 3 min) if HCC or CCC was suspected. A multislice CT,
dual source (Somatom Definition Flash®, Siemens, Erlangen,
Germany) with bolus triggering of 80-110 mL of contrast
medium i.v. (Accupaque™ 350 mg, GE Helthcare Buchler
GmbH & Co. KG) was used after obtaining written consent and
consideration of possible contraindications. The reconstruction
interval was 5-mm axially and coronally. Magnetic resonance
imaging was performed on a 3 Tesla instrument (Skyra®,
Siemen, Erlangen Germany) native with T2- and T1-weighting,
diffusion with apparent diffusion coefficient (ADC Maps) and
dynamic contrast imaging with 3D Vibe sequences and the
Reticulo-Endothelial System (RES) specific contrast agent
(Primovist®, Bayer Vital GmbH, Germany) after written
consent and consideration of contraindications. The biopsies
were performed under ultrasound or CT control or based on
histology taken intraoperatively.

Parametric Imaging

As a prerequisite for obtaining parametric images from the
preliminary CEUS examinations, the images were required to
be digitally recorded without relevant motion artifacts and with
well-defined lesions. The stored DICOM loops were processed
by an experienced examiner. Parametric images were generated
using device-integrated perfusion software. In this respect, the
parametric analysis more clearly highlights the dynamics of
microbubbles in corresponding false colors in the time interval.
Thus, after contrast agent administration, the device-integrated
software can already create an autonomous image sequence
with color-coded images in the early arterial phase. The
software algorithm for interpreting dynamic vascularization
does not require any manual adjustments by the examiner
and can therefore generate reproducible results. In this regard,
a parametric evaluation allows objective, machine-assisted
image evaluation and analysis with respect to changes in
microvascularization or in the wash-in phase. The false colors
were chosen as follows: red for extensive hypervascularization,
orange for marked hypervascularization, yellow for partial
hypervascularization, green for proportional vascularization,
and blue to purple only for minor vascularization. Whether or
not vascularization was parametrically with CEUS on dynamic
centrifugal or centripetal microvascularization, respectively,
regular or irregular, was assessed.

Ultrasound Image Analysis

The combined interpretation of ultrasound images in
B-scan ultrasound and CEUS was assessed by an experienced
examiner. The parametrically generated images were separately
evaluated independently by an experienced and a less-
experienced examiner without relevant previous knowledge
in ultrasound diagnostics. The perfusion pattern of the false
colors was used to determine if the liver lesion was benign or
malignant (Table III).

Verification of the Final Diagnosis

Verification of the diagnoses was performed by matching
using additional imaging modalities, such as contrast-enhanced
CT or MRI or by an existing histopathologic examination.
Thus, only patients whose lesions were most likely confirmed
were finally evaluated.

Statistical Analysis

All results were described as the arithmetic mean and
standard deviation. To calculate the sensitivity, specificity,
positive predictive value, and negative predictive value of
ultrasound for confirmation, the following formulas were
used based on the agreed 2x2 table: Sensitivity=TP/(TP+FN),
Specificity=TN/(FP+TN), Positive predictive value=TP/
(TP+FP), Negative predictive value=TN/(FN+TN), and
Accuracy=(TP+TN)/(TP+TN+FP+FN) where TP stands for
diagnosis recognized as correct, TN stands for unclear diagnosis,
TP and TN are the sum for all malignant and benign tumors,
and FN stands for benign (FP) and malignant (FN) descriptions
assessed by parametric ultrasound. Each cross-tabulation was
calculated separately once for the experienced investigator and
once for the less-experienced investigator (Table IV).

RESULTS

A total of 107 patients were examined in this study. Of
these, 43 were females and 64 were males. Their mean age was
62 years, and the youngest person was 19 and the oldest was
85 years (Table I). Corresponding CT, MRI, or histology of
the relevant anatomy was available for all patients. The basis
for the creation of parametric images is CEUS, whereby the
dignity of the liver lesions was additionally verified. Correlating
to histology, MRI, or CT, depending on tumor type, all benign
(n=47, 100%) and all malignant (n=60, 100%) tumors were
identified as correct (Table III). Magnetic resonance imaging

Table III. Analysis of patients with clinical suspicion of liver disease by CEUS, CEUS with parametric
imaging, CT or MRI or histopathology considering malignancy grade

Malignancy suspicion in

CT/MRI/Histology Suspicion n (%)

US + CEUS Liver

Parametric Imaging
Examiner 1 Liver
Suspicion n (%)

Parametric Imaging
Examiner 2 Liver
Suspicion n (%)

Yes 47 (100)
No 0 (0)
Yes 60 (100)
No 0 (0)

Benign Lesion n = 47

Malignant Lesion n = 60

Yes 46 (98) Yes 39 (83)
No1(2) No 8 (17)
Yes 60 (100) Yes 49 (82)
No 0 (0) No 11 (18)

Listed below “No” for images that are not assessable due to insufficient image quality. US: ultrasound;
CEUS: contrast-enhanced ultrasound; Examiner 1: experienced examiner; Examiner 2: less-
experienced examiner; CT: computed tomography; MRI: magnetic resonance imaging.

] Gastrointestin Liver Dis, December 2023 Vol. 32 No 4: 479-487



482

Dropco et al.

Table I'V. Diagnostic accuracy, sensitivity, and specificity for every examination technique

Specificity Sensitivity PPV NPV Accuracy
Examiner 1 100% 100% 100% 100% 100%
Examiner 2 95% 100% 96% 100% 98%

Diagnostic accuracy for all benign and malignant liver lessions for an experienced
and less-experienced examiner. Examiner 1: experienced examiner; Examiner 2: less-
experienced examiner. PPV: positive predictive value; NPV: negative predictive value.

was performed in 35 of 47 patients (74%), and CT was
performed in 15 of 47 patients (32%) with benign lesions. Two
patients with benign lesions (4%) were histologically examined
and confirmed, although no MRI or CT scan was performed.
Furthermore, 32 of 60 patients (53%) with malignant lesions
underwent MRI examination to assess the lesions’ dignity, and
39 of 60 patients (65%) underwent a CT examination. In 3 of 60
(5%) patients with malignant disease, no corresponding images
were performed, but histological examination is also available
here. Overall, histological analysis in the malignant area was
performed in 23 patients (38%). Tumor size was documented
in all 107 patients (36 from 10 to <30 mm, 45 from 30 to <50
mm, and 26 >50 mm with respect to the largest lesion per
patient) (Table III).

Among benign lesions, 11 (10.3%) FNH lesions, 5 (4.7%)
cystic lesions, 8 (7.5%) hemangiomas, 1 (0.1%) adenoma, 12
(11.2%) MWA wounds, and 2 (1.9%) MWAs with resection
were studied. For example, in an FNH with a typical regular
vascularization pattern from the center to the edge, a clearly
demarcated hypervascularized lesion with a wheel-storage
pattern in red and the central scar in green/blue can be seen
with the aid of false colors in Figure 1. To examine correlations
with the FNH, an MRI examination (gold standard) was
performed and showed a typical smooth-bounding structure in
the early arterial contrast media enhancement. Hemangiomas
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typically show a peripheral nodular enhancement from the
edge that continuously increases, whereas adenomas show
increasing enhancement from the margin, without late wash-
out. Cystic lesions should be avascular.

Among malignant lesions, 23 (21.5%) HCCs, 14 (13.1%)
metastases, and 5 (4.7%) CCCs comprised the largest groups.
A total of 13 (12%) hepatic recurrences after either resection,
MWA or TACE, was studied. The size of the lesions varied
from 5 to 160 mm. Images of HCC are characterized by
marked irregular hypervascularization during the arterial
phase in CEUS and in false-color analysis. As shown in Fig.
2, the internal vascularization is clearly visible with central
red color and peripheral yellow. Unlike HCC, CCC in the
arterial phase is centrally hypoenhanced in CEUS images;
after performing parametric imaging, hypervascularization
can be seen in red in the peripheral region (Fig. 3). Metastases
with early enhancement in the arterial phase relative to
the surrounding tissue are especially noticeable in the
CEUS image. False-color analysis shows a clearer distinct
hypervascularization (red) (Fig. 4). An avascular area,
representing the smallest group of characteristic findings
after ablation procedures, can be seen on CEUS; however,
with the aid of parametric image coding, recurrence can be
more clearly highlighted in the marginal areas of the ablation
sites (Fig. 5).

Fig. 1. The case of a 28-year-old female patient with focal
nodular hyperplasia (FNH) and a diameter of 6.9 cm in
the left liver lobe (Seg II/III).

A: B-scan US: The FNH is difficult to delineate, the
lesion is isointense, and the central scar is hypointense.
Contrast-enhanced ultrasound (CEUS) 9 s after contrast
medium injection. A clearly demarcated lesion is seen
with a central scar, feeding vessel, and a classic wheel-
spoke pattern (white arrow). B: FNH in B-scan US and
CEUS with false-color analysis: Shown is the clearly
demarcated hypervascularized lesion (gray arrow), feeding
vessel, and wheel-spoke pattern in red, and the central
scar in green/blue as a sign of reduced perfusion. C: T2-
weighted magnetic resonance imaging (MRI) native image:
Visualization of a 6.9-cm (FNH) (red arrow) in the left lobe
of the liver (Seg II/III) as a mildly hyperintense lesion. D:
Inclusion shown in the T1-weighted MRI: the FNH shows
significant contrast enhancement in the early arterial
phase after contrast administration of 7 mL of Primovist.
E: During the portal venous phase, the contrast of the
lesion is aligned with that of the surrounding liver tissue.
The central scar without contrast enhancement is clearly
visible. F: In the late phase, there is a slight wash-out of the
clearly demarcated FNH, especially centrally, whereas the
contrast medium is still clearly enriched in the periphery.
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After correlation with cross-sectional imaging (MRI, CT)
and histological analysis, parametric images evaluated by an
experienced investigator correctly identified 46 of 47 (98%)
as benign lesions. One (2%) lesion was not evaluated because
it showed no contrast pattern in the condition after MWA
without recurrence. For comparison, benign lesions were also

Fig. 2. The case of an 81-year-old patient with two foci of
hepatocellular carcinoma (HCC) in segments VI and VIII
(diameters: 30 mm and 8 mm).

A: B-scan US and contrast-enhanced ultrasound
(CEUS) 21 s after contrast injection. The HCC focus is
characterized by marked hypervascularization during
the arterial phase (white arrow). B: HCC on B-scan
US and contrast-enhanced ultrasound with false-color
analysis. Marked hypervascularization during wash-in
and typical internal vascularization in HCC (central red,
peripheral yellow, marked with gray arrow) of the large
foci are clearly visible. C: Native image in T2-weighted
magnetic resonance imaging: Visualization of a 3.6-cm
hepatocellular carcinoma lesion in the center of segment
VI as a hyperintense lesion (red arrow). D: T1-weighted
magnetic resonance imaging: After contrast administration
of 8 mL of Primovist, a clearly hypercontrast lesion is seen
in the early arterial phase. E: The lesion shows a clear wash-
out in the portal venous phase and is already hypointense
on presentation. F: The late phase also shows a hypointense
lesion with clear wash-out.

Fig. 3. A 79-year-old patient with a 5 x 6-cm diameter
cholangiocellular carcinoma (CCC) centrally located in segments
VL V,and L.

A:B-scan ultrasound: mixed echogenic radiofrequncy. The lesion
appears hypoenhanced centrally in the arterial phase, whereas
in the periphery there is more contrast enhancement (white
arrow), typical of large CCCs. B: The reduced contrast agent
accumulation in the center is also indicated in the false-color
analysis by the coloration predominantly in blue and green. The
lesion appears blurred, and the border area is predominantly
red showing hypervascularization (gray arrow). C: Native image
in T2-weighted magnetic resonance imaging: Central region of
the liver in segment IVa, but also extending into segments I, II,
and VIIIL; the tumor appears as a hyperintense mass measuring
approximately 6.3 cm (red arrow). D: In the early arterial phase,
contrast enhancement typical of cholangiocellular carcinoma
CCC is seen in the marginal area of the lesion. E: During the
portal venous phase, there is already a partial wash-out of the
lesion (finding: contrast increasing in a flat manner). F: In the
hepatobiliary late phase, the tumor is visualized without contrast
enhancement.

correctly identified in 39 (83%) patients by an inexperienced
examiner but could not be described in the remaining 8
(17%) patients. Among the malignant lesions, all 60 were
identified based on the color-coded images as malignant by
the experienced investigator. The less-experienced examiner
correctly identified 49 (82%) lesions as malignant, but the
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remaining 11 could not be assessed (Table III), which gave an
accuracy of 98% (Table IV) for this type of diagnostic. Overall,
the inexperienced investigator failed to correctly assess 19 of
107 (18%) lesions, whereas the experienced investigator failed
to correctly identify only one (2%) lesion.

DISCUSSION

The study results demonstrated that high diagnostic
confidence was obtained for CEUS supplemented with
parametric false-color evaluation of liver tumors and their
perfusion changes. A reliable distinction can be made between
benign and malignant lesions, and the microvascularization
of liver lesions can be differentiated from changes of non-
tumoral origin [2, 3, 12]. Typical of benign lesions is rapid
regular contrast enhancement, such as nodular from the
edge in hemangiomas, radiolucent from the center in FNH,
from edge to center in adenomas, and homogeneous areal
enhancement in localized reduced lipids [5]. Malignant lesions
show irregular vascularization as early contrast inhomogeneity
from the margin in metastases, inhomogeneity irregular from
the center in HCC and CCC lesions or rare tumors, such
as neuroendocrine tumors [15]. Microshunts exhibit rapid
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Fig. 4. Case of a 46-year-old patient with multiple hepatic
metastases from small-cell lung cancer.

A: B-scan ultrasound: Slightly hyperechogenic metastases
that are difficult to delineate. Contrast-enhanced ultrasound:
15 s after contrast medium injection, accumulation in the
arterial vessels and metastases is shown (white arrow), but
no contrast medium is yet present in the surrounding tissue.
B: CEUS parametric: Clearly identifiable vascular structures
(red/hypervascularized) with multiple hypervascularized
metastases (gray arrows). In the largest lesion, more severe
hypervascularization is observed peripherally (peripheral
red, central yellow). Computed tomography: Diffusely
distributed metastases in both lobes of the liver. C: Native
image: in the axial section, the metastases are recognizable
as hypodense lesions. D: After contrast agent administration:
the metastases are visible in the axial section as lesions
without contrast medium accumulation (red arrow).

Fig. 5. The case of a 60-year-old patient with an ablation
defect (5.5 cm in diameter) after microwave ablation for a
rectal metastasis from colorectal carcinoma.

A: In contrast-enhanced ultrasound, the ablation defect
can be seen through the recess of contrast material (white
arrow) surrounded by uniformly contrasted liver tissue. B:
CEUS parametric: clearly devascularized defect centrally
(colorless, gray arrow) without hypervascularities at
the periphery, indicating tumor recurrence. Computed
tomography with contrast agent: 5.5-cm ablation defect
in segment VII appears hypodense in both axial (C) and
coronal (red arrow) (D) cross-sectional images due to lack
of contrast enhancement

contrast transfer, locally segmental from arterial microvessels
into the portal venous system from 15-45 s during the
arterial phase. However, inferior perfusion is recognizable as
segmentally-delayed contrast enhancement [16].

Contrast-enhanced ultrasound of the liver has high
diagnostic value when evaluated by experienced investigators
[13]. In the DEGUM multicenter studies, under appropriate
examination conditions, CEUS has been shown to have
diagnostic reliability comparable to that of contrast-enhanced
CT for detection and characterization of solid liver lesions [17,
18]. Compared with contrast-enhanced MRI [19], there may be
diagnostic advantages of MRI over CEUS with respect to the
detection and characterization of solid liver lesions because of
the use of liver-specific MRI contrast agents [20-22].

Nevertheless, randomized studies with large patient cohorts
showed diagnostic certainty for both benign and malignant
liver lesions, producing a reliable examination result using
CEUS [23].

Second-generation ultrasound contrast agents are based
on the principle of echo signal amplification by oscillating
microbubbles using contrast harmonic imaging (CHI) with a
low mechanical index of <0.2. A variety of applications have
been described that related to liver diagnostics and non-liver
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indications in the EFSUMB guidelines [3]. These guidelines
classify the diagnostic relevance of CEUS for liver tumors
as high, as done by the FDA, among other agencies, with
recommendations for applications regarding pediatric issues
[7,24].

The potential side effects of CEUS are considered to be
low, which has led to increasing clinical use worldwide. There
is no restriction because of renal function considerations
and no influence of ultrasound contrast agents on thyroid
metabolism, so CEUS can be used for examination of the
liver even in patients with impaired renal function for whom
CT or MRI contrast agents are no longer possible [25]. The
most common ultrasound contrast agent currently used
in Europe is based on sulphur hexafluoride microbubbles
(SonoVue®, BRACCO, Italy), which is usually administered
intravenously as a bolus (1 to 2.4 mL) followed by 5 to 10 mL
of NaCl. Liver-specific ultrasound contrast agents are being
researched but are currently not approved for routine use in
liver ultrasound diagnostics in Germany and many European
countries [26]. To further optimize CEUS with respect to image
quality when applying sulphur hexafluoride microbubbles, a
number of technical developments have been made. There is
increasing use of high-resolution multifrequency transducers
with significantly increased crystal counts, modified CHI
programs with improved amplitude modulation or pulse
inversion techniques, and improved digital image storage,
especially of CINE sequences [10, 27]. Furthermore, an
attempt has been made to increase the frame rate to achieve
a higher level of detail. One possible novel contrast medium
ultrasound technique that attempts to take advantage of all
of the latest technical developments is high-intensity focused
(HIFT) CEUS [28].

Whether or not there are diagnostic advantages for
CEUS with a novel mode of investigation, such as HIFI,
must be decided after further studies regarding diagnostic
safety, detection, and characterization of solid liver tumors;
differentiation of complicated cystic lesions; and dynamic
acquisition and digital storage of the dynamics of unclear
lesions on CT or MRI from the early arterial phase after 10-15
s to alate phase of 5-6 min [29, 30]. Furthermore, CEUS brings
an advantage in certain cases of patient with liver cirrhosis, as
it provides a non-invasive method for generic cirrhosis of the
liver using parametric images (CEUS-PAT) [31].

Image quality is critical for parametric characterization,
which can only be sufficiently useful if the images are free of
low-intensity artifacts. In particular, the neovascularities in
the marginal area are parametrically visualized very well with
the use of false colors [12, 32, 33]. For final characterization,
however, the original images must always be taken into account
until the late wash-out phase after 5-6 minutes. Accordingly,
the false-color representation facilitates visualization and
characterization for less-experienced examiners [34]. This
study provides the first approach for evaluation using artificial
intelligence, which can be used to better represent the
visualization and dynamics of arterial neovascularization of
liver lesions [35-37].

However, there were some study limitations of a technical
and clinical nature that should be considered. High-
quality examinations require that images of the lesions for

characterization be displayed without relevant artifacts over the
arterial phase in CEUS and as stored DICOM loops to enable
parametric evaluation of them with false colors [13]. Primarily,
the evaluation is focused on one target lesion. The evaluation
with the false colors takes a maximum of 10 seconds. In the
case of multiple lesions, FLASH kinetics would have to be
used after the late phase or another contrast agent application
would have to be performed. However, this does not apply
to routine protocols. The software is also device dependent.
Contrast-enhanced ultrasound dynamics and dynamic
microvascularization are also influenced by transducer
technology, the surrounding tissue, depth localization, and
possible superposition [38].

CONCLUSIONS

Contrast-enhanced ultrasound with color-coded image
evaluations for primary and secondary liver tumors is technically
teasible in principle, even for less-experienced investigators, and
can potentially serve as a valid diagnostic tool for rapid, reliable,
and more autonomous delineation of malignant and benign
liver tumors but is subject to the limitations outlined above. The
high diagnostic confidence of CEUS with parametric imaging
of the arterial phase of liver lesions and perfusion changes in
false colors still pose challenges in the future because of the
need to ensure diagnostic validity in clinical practice. Results
for the evaluations of artificial intelligence could facilitate the
confirmation of diagnostic certainty, but such results should
be obtained in a multicenter study.
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