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INTRODUCTION

C o n t r a s t - e n h a n c e d 
ultrasonography (CEUS) of the 
liver has become an indispensable 
diagnostic tool [1–3]. In a large-
scale study, CEUS has already 
demonstrated a diagnostic 
reliability comparable to that of 
contrast-enhanced computed 
tomography (CT) with regard 
to the characterization of solid 
liver lesions [4]. In comparison 
to contrast-enhanced magnetic 
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ABSTRACT

Background & Aims: To evaluate, if high frame rate (HiFR) contrast-enhanced ultrasound (CEUS) and 
external perfusion analysis (VueBox®)can give answers on liver tumour diagnostics. 
Methods: A multifrequency probe (C1-6 /Resona R9) and 1-2.4 ml ultrasound contrast medium were used 
for CEUS up to 5-6 min. Independent analysis of DICOM-CINE files was performed, correlated to follow-up, 
computed tomography, magnetic resonance imaging, or histopathology. 
Results: In 110 patients the difference between marginal peak enhancement (PE) of malignant and benign 
leasions was significant. In the peripheral area, the AUCs were lower in malignant lesions (144.8±139.3) than 
in benign lesions (123.6±119.8). The mean transit time (mTT) was shorter in malignant lesions in the center. 
In the liver parenchyma, however, the mTT was significantly longer in malignant lesions (141.6±107.9s) 
than in benign lesions (128.8±138.6 s). The rise time (RT) was significantly shorter central (66.5±30.9s) and 
peripheral (72.8±35.1s) in malignant lesions than in benign lesions (114.33±159.58s). The wash in rate (WiR) 
in benign lesions was 848.3±2,563.7 rU in the center. Wash-out rate (WoR) in the center, peripheral and in 
the liver parenchyma showed a significantly lower wash-out in the malignant lesions. 
Conclusions: HiFR CEUS with perfusion analysis enables the assessment of focal, diffuse and post-
interventional liver changes.

Key words: liver ultrasound − CEUS − Perfusion − VueBox® analysis − tumour diagnostics − post ablation 
defects.

Abbreviations: AUC: Area under the Curve; CCC: cholangiocarcinoma; CDDS: colour-coded duplex 
sonography; CEUS: contrast-enhanced ultrasonography; CHI: contrast harmonic imaging; CT: computed 
tomography; ECT: electrochemotherapy; FNH: focal nodular hyperplasia; GEN: General; HCC: hepatocellular 
carcinoma; HiFR: high frame rate; MRI: magnetic resonance imaging; mTT: mean transit time; NET: 
neuroendocrine tumor; PEAK: peak enhancement; PEN: Penetration; PIHI: pulse inversion techniques; RES: 
Resolution; ROI: region of interest; RT: rise time; TACE: transarterial chemoembolization; THI: tissue harmonic 
imaging; TTP: time to peak; VueBox®: external perfusion analysis; WiR: wash in rate; WoR: wash-out rate.

resonance imaging (MRI), the use of liver-specific MRI contrast 
agents may result in diagnostic advantages compared to CEUS 
with regard to the detection and evaluation of solid liver lesions.

A continuous development can also be observed with the 
ultrasound contrast agent used. Second-generation ultrasound 
contrast agents are based on the principle of echo signal 
amplification through the oscillation of microbubbles using 
contrast harmonic imaging (CHI). International guidelines 
describe a variety of applications for diagnostic use in the 
liver [5, 6].

The potential side effects of CEUS are considered to be 
not critical. This is in line with the continuous increase in 
the clinical use of this technique. Ultrasound contrast agents 
do not impair kidney or thyroid function. If the function of 
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these organs is too impaired for the use of CT/MRI contrast 
agents, CEUS diagnostics can therefore be a good diagnostic 
possibility [7, 8].

In Europe, the ultrasound contrast agent SonoVue® 
(BRACCO/Italy) is most commonly used. This is based on 
sulphur hexafluoride microbubbles. Administration takes 
place via intravenous bolus injection. Similar to the contrast 
enhanced MRI technique, there is an ongoing development 
of liver-specific ultrasound contrast agents. However, these 
are currently only available in isolated cases and not in all 
countries.

Many of modern developments have been made to improve 
CEUS technology. These include: high-resolution multi-
frequency probes (especially sector or lin-ear transducers) 
equipped with an increasing number of crystals; modified CHI 
programmes [including enhanced amplitude modulation and 
pulse inversion techniques (PIHI)]; enhanced digital image 
storage (e.g. of CINE sequences); optimization of frame rates 
for greater resolution and accuracy. One possible new contrast 
medium ultrasound technique that attempts to utilize all these 
advantages is the high rate frame (HiFR) technique [2].

With an additional perfusion analysis from the early arterial 
phase to the portal venous phase, i.e. during the first minute 
after contrast medium injection, an independent analysis of 
the dynamic microcirculation of liver lesions can be performed 
using DICOM files. Using special external software (VueBox®/
Bracco), a comprehensive assessment of the wash-in and wash-
out kinetics of liver lesions is possible.

Whether there are diagnostic advantages for CEUS with 
a novel examination mode HiFR and external perfusion 
analysis must be analyzed independently in comparison to 
the diagnostic safety of reference imaging such as contrast-
enhanced CT or MRI (if histopathology is not available).

In the present study, the extent to which the new HiFR 
technique supplemented by dynamic perfusion analysis in the 
arterial and portal venous phase can be used for reliable CEUS 
diagnostics of complicated cystic, solid benign and malignant 
tumours, ablation defects and microcirculatory disorders in 
the liver was examined. 

METHODS

Written consent was obtained from all patients. The 
evaluation was carried out independently using the image 
data stored in the PACS by experienced readers in consensus. 
An ethics vote from the Ethics Committee of the University 
Hospital Regensburg (vote number: 22-3128-104) is available 
for the scientific evaluation of the contrast agent sonography 
data for the diagnosis of liver lesions. The CEUS liver tumour 
diagnostics technique complies with the specifications of the 
DEGUM studies.

In this retrospective study, the sonographic examination 
results of 110 patients were analyzed as DICOM loops 
and divided into three groups according to the pathology 
present The first group consisted of patients with malignant 
liver lesions. The second group consisted of patients with 
benign liver disease. The third group included patients 
who had undergone an intervention [microwave ablation 
(MWA), resection, transarterial chemoembolization (TACE), 

electrochemotherapy (ECT), radiofrequency ablation (RFA)] 
for a previous malignant disease.

The purpose of the examinations was to further clarify 
unclear liver lesions on the basis of the available diagnostic 
findings. The endpoints of the CEUS examination were a 
definitive diagnosis, type/localisation and number of liver 
lesions as well as perfusion changes. In the case of definitive 
benign findings, a follow-up examination was performed 
after 3-6 months. In the case of suspected malignant lesions 
[e.g. hepatocellular carcinoma (HCC) or cholangiocellular 
carcinoma (CCC)), a classification according to LI-RADS IV-V 
was carried out according to the probability of malignancy. 
A corresponding expansion of diagnostic imaging was also 
initiated. If there was evidence of metastases, a primary tumour 
search was, initiated including a potentially necessary biopsy. 
If available, a comparison was made with the surgical result of 
a liver tumour resection.

The analyses were carried out by a high experienced 
ultrasound specialist (DEGUM Level III) with a multi-frequency 
convex probe (C1-6 MHz) on a high-end ultrasound device 
(Resona R9/7, Mindray). Detectable lesions were documented 
in B-mode (2 planes). Optimisation (depth-dependent via 
frequency) and the use of other supplementary techniques 
[Tissue Harmonic Imaging (THI), ultrasound CT technique and 
averting photopic technique (B-Colour)] were also performed. 
Liver macorvascularisation was performed using colour-coded 
duplex sonography (CCDS). Optimising techniques were also 
used here (e.g. HR flow technique, glazing flow, optimisation of 
the wall filter and colour enhancement settings).

Diagnostic clues in CDDS were a spoke wheel pattern in 
focal nodular hyperplasia (FNH), marginal vascularization 
in adenomas (hepatic adenoma) or irregular central 
vascularization in HCC. Vascular tumour infiltration also had 
to be detected, particularly in relation to the hepatic veins and 
the portal vein intrahepatically. In the case of vascular changes, 
the CCDS was used to detect shunts or vascular rupture in 
embolisms and infarcts.

The CEUS examination was performed by intravenous 
bolus administration of the ultrasound contrast agent 
(SonoVue). Prior to administration, a critical assessment 
was made with regard to potential contraindications (e.g. 
known contrast agent intolerance). This was based on the 
EFSUMB guidelines. The examinations were carried out 
dynamically using the HiFR technique with subsequent digital 
documentation. The modalities used were General (GEN), 
Resolution (RES) or Penetration (PEN).

The sweep method was also used. A continuous recording 
of the arterial phase after 10 to 15 s after bolus administration 
up to the portal venous phase over 1 minute and in the 
case of vascular changes with optimal recording of the liver 
hilus in order to be able to detect possible arteriovenous or 
portal venous macro- or microshunts was carried out. These 
continuous CEUS cine loops of contrast enhancement up to 
a possible early was out over 1 minute after bolus injection 
were then exported as DICOM files for independent perfusion 
analysis with external perfusion software (VueBox®/Bracco). 
After motion correction, various perfusion parameters were 
analyzed, such as time to peak (TTP), peak enhancement 
(PEAK), mean transit time (mTT), rise time (RT), wash-in 
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and possible wash-out kinetics with linear and fit plots. For 
this purpose, the center, the edge and the reference liver tissue 
were initially marked in round regions of interest (ROIs) with 
a maximum diameter of 5 mm, then individually adapted in 
a ring shape for 3 independent evaluations. The measured 
values were documented in a measurement protocol and in 
tabular form. A perfusion curve was calculated using time 
intensity curve analysis of peak enhancement and the different 
perfusion parameters were displayed in false colours, with red 
representing maximum values, followed by orange, yellow, 
green, light blue to minimum dark blue to violet.

From the first minute after bolus administration, the CEUS 
was used to document a possible wash-out. Short cine loops 
of 5 to 10 s up to a late phase of 5 to 6 minutes were used. In 
addition, single images were added, which could be saved 
during the cine sequences in relation to the findings.

According to the EFSUMB Guidelines/DEGUM studies, 
continuous contrast enrichment in CEUS, marginal nodular 
enhancement, regular marginal contrast enrichment were 
considered typical for benign lesions such as FNH, typically 
with central scar, hemangiomas and adenomas. Classical for 
malignant lesions (e.g. metastases, CCC, HCC) was an irregular 
arterial vascularization with increasing washout of the tumor 
lesions in the late phase, in metastases already in the portal 
venous phase, in HCC often only after 3 minutes, in CCC in 
between. In the case of complicated cysts, attention was paid 
to a possible contrast agent enrichment of the septa. In the case 
of vascular alterations, the reference was the contrast of the 
unaffected liver tissue and the contrast of the hepatic artery, 
portal vein and hepatic veins.

An onward flow 20 s. Typical for shunts was a contrast of 
the portal vein after 20 s and the hepatic veins after 30 s. After 
completion of the documentation of the late phase, this could 
then be checked after 5 to 6 minutes using the technique of 
replenishment (FLASH kinetics) specifically for specific liver 
segments by detecting a re-flooding of the microbubbles to 
determine how extensive the shunts were. If necessary, the 
hemodynamics were then specifically assessed again with the 
CCDS. Follow-up with CEUS for benign lesions was carried 
out (after 3 to 6 months). Malignancy was verified by reference 
imaging (CT, MRI, biopsy or surgery).

For CT, multi-slice CT examinations in the arterial and 
portal venous contrast phases would be the reference with 80 
to 120 ml of iodine-containing contrast agent in 5 mm axial 
and coronary reconstructions would be the reference, taking 
into account possible contraindications. MRI was performed 
on latest generation 1.5 and 3 Tesla scanners with native T1 
and T2 sequences in 5 mm slices, diffusion sequences with 
b-values up to 1800 and ADC evaluation, and with liver-
specific contrast agents (Primovist®) as 3D vibratory sequences 
in 3 mm reconstructions. 

Liver biopsies were performed on an inpatient basis, 
and with written informed consent given 24 hours prior to 
the procedure and with all safety measures in place. After 
surgical disinfection under sterile conditions using a 16 G 
semi-automatic biopsy needle, representative cylinders of up 
to 2 cm in length were taken from the tumour area under US 
guidance using a puncture line and a second sample was taken 
from the peripheral tissue.

Statistical Analysis
Statistical analysis was performed using the statistical 

software Datatab statistical software. All samples were 
described by mean and standard deviation.

Differences between benign and malignant lesions were 
determined using the Mann-Whitney U-Test. The null 
hypothesis was that there were no differences between the 
two samples. Probabilities less than 0.05 were considered 
significant. 

RESULTS

An overview of malignant and benign liver lesions 
examined is listed in Table I.

Table I. Malignant and benign liver lesions examined with a VueBox®

Malignant liver lesions  
n = 31

Type of the lesion Number in n

HCC 11

CCC 5

Metastasis 13

Adenocarcinoma 1

Leiomyosarcoma 1

Benign liver lesions 
n = 46

Hemangioma 11

FNH 7

Avascular Cyst 8

Abscess 1

Osler’s disease 9

Fat distribution disorder 3

Parasitosis 1

Polyp/adenomyomatosis 2

Adenoma 1

Multiple myeloma 1

Overview of malignant and benign liver lesions examined with a VueBox®. 
HCC: hepatocellular carcinoma; CCC: cholangiocellular carcinoma; FNH: 
focal nodular hyperplasia.

In all cases, CEUS was technically feasible with good image 
quality in 52% (4 points) and very good image quality in 27% (5 
points). Due to difficult sound conditions, such as meteorism, 
colonic interposition, inhomogeneous marked steatosis hepatis 
in adipositas per magna, and due to movement instability, the 
digital cine sequences were limited in image quality in 13% 
of cases, but the image quality was still sufficient (rating of 
3 points). In only 2% of cases with extremely difficult sound 
conditions for segment VIII lesions, the image quality was 
significantly impaired by distances to the lesions > 20 cm 
(scored 2 points).

On MRI, respiratory artefacts, especially in the late contrast 
sequences, resulted in reduced image quality (< 3 points) in 
20% of patients. In 15% of CT scans, inhomogeneous contrast 
enhancement was observed due to mixed contrast enhancement 
of the liver, even when faster multislice techniques were used.

The DICOM loops of 31 patients (age 18 to 78 years, 
mean 57 years, 24 males, 7 females) with different malignant 
liver lesions were examined and evaluated with the VueBox®. 
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The malignant lesions were either primary liver tumours 
or secondary liver tumours in the sense of metastasis from 
a primary tumour in other organs (HCC n=11, CCC n=5, 
metastases n=13, adenocarcinoma n=1, leiomyosarcoma n=1). 
The most frequently involved segments were V, VI and VII. 
The examined malignant lesions of group 1 had a mean size 
of 6.7 cm with a distribution of (0.3±13 cm).

The patient cohort of benign lesions consists of the 
DICOM loops of 46 patients (age 18 to 85, mean 55 years, 27 
females, 19 males) with various benign liver lesions. These 
were examined and evaluated using the VueBox®. The benign 
lesions were various benign diseases of the liver, including both 
benign tumours and vascular diseases (hemangioma n=11, 
FNH n=7, avascular cyst n=8, abscess n=1, Osler‘s disease 
n=9, fat distribution disorder n=3, parasitosis n=1, polyp/
adenomyomatosis n=2, adenoma n=1, multiple myeloma n=1). 
The examined benign lesions had a mean size of 21.2 cm with 
a distribution of (0.2±42 cm). The most frequently involved 
segments were II, V and VIII.

In the post-interventional liver lesion patient cohort, the 
DICOM loops of a total of 33 patients with malignant liver 
lesions were examined after intervention and evaluated with 
the VueBox®. The interventions included ablations, resections, 
TACE and ECT. This group was further divided into a post-
interventional group with residual tumour (10 metastases, 
3 CCC, 2 HCC) with control after MWA n=8, ECT, n=3, 
resection n=2, TACE+RFA n=2) with 15 patients each (42 to 
81 years, mean 55 years, 9 female, 6 male). The most commonly 
affected segments were V and VI. The examined malignant 
postinterventional lesions of group 3a had a mean size of 2.3 
cm with a distribution of (0.5 to 4.5 cm).

In the postinterventional group without residual disease 
(HCC n=13, CCC n=3, metastases n=2) after MWA n=12, 
irreversible electroporation IRE n=2, ECT n=2, resection 
n=2) were 18 patients (age 51 to 87, mean 51 years, 14 male, 
4 female), the most common localisations were segment II, 

IV, VIII. The examined post-interventional lesions of the 
group without residual tumour had a mean size of 4 cm with 
a distribution of (3 to 5 cm).

The evaluation of PEAK was 14,270.81±16,672.07 relative 
unit (rU) for malignant lesions in the centre and 195.05±161.91 
rU in the periphery compared with 353,343.93±557.141.43 rU 
for the liver parenchyma. Peak enhancement for benign lesions 
was 16,071.39±29,638.39 rU in the centre and 160.15±229.98 
rU in the periphery compared with 836,628.64± 2,293,804.06 
rU in the liver parenchyma. A Mann-Whitney U-test showed 
that the difference between PEAK rim malignant and PEAK 
rim benign with respect to the dependent variable was 
statistically significant p<0.01 (Table II).

A Mann-Whitney U-test showed that the difference between 
malignant TTP in the centre (72.16±32.11 s), in the periphery 
(74.94±31.53 s) and in the liver parenchyma (21, 3±10.7 s) and 
TTP in the centre (103.4±97.9 s), in the periphery (101.2±98.2 
s) and in the liver parenchyma (20±10.7 s) not statistically 
significant, in the centre p=0. 06 in the centre. When examining 
the parameter TTP, the absolute values in the centre and in 
the periphery of the examined regions showed a significantly 
shorter TTP in malignant lesions compared to benign lesions. 
When comparing normal liver parenchyma in malignant lesions 
with normal liver parenchyma in benign lesions, malignant 
lesions had a longer TTP than benign lesions.

When examining the Area under the Curve (AUC) parameter, 
there was a clear difference between malignant and benign lesions 
in the center of the examined regions. The AUC was significantly 
higher in the malignant lesions (176.1± 231.0) compared to the 
benign lesions (163.4±243.1). At the margin, the AUCs were lower 
in the malignant lesions (144.8±139.3) than in the benign lesions 
(123.6±119.8). The AUC values for liver tissue were lower in the 
malignant group (2,720,700.2±2,889,500.8) than in the benign 
lesions (3,632,376.15± 4,224,064.45). The Mann-Whitney U-test 
showed no significant statistical difference (p>0.05) between 
malignant and benign lesions for the AUC parameter.

Table II. Parameters measured for statistical analysis in different regions (central, periphery and liver tissue) for malignant and 
benign liver lesions

Malignancy of FLL Center Periphery Liver p

Peak enhancement 
(rU)

Malignant 14,270.81±16,672.07 195.05±161.91 353,343.93±557.14 <0.01

Benign 16,071.39±29,638.39 160.15±229.98 836,628.64± 2,293,804.06

Time to peak 
(seconds)

Malignant 72.16±32.11 74.94±31.53 21, 3±10.7 <0.01

Benign 103.4±97.9 101.2±98.2 20±10.7

Area under the 
curve (rU)

Malignant 176.1± 231.0 144.8±139.3 2,720,700.2±2,889,500.8 >0.05

Benign 163.4±243.1 123.6±119.8 3,632,376.15± 
4,224,064.45

Mean transit time 
(seconds)

Malignant 128.6±179.8 115.3±123.1 141.6±107.9 >0.05

Benign 200.3 ± 293.3 161.5±203 128.8±138.6

Rise time (seconds) Malignant 66.5±30.9 72.7±35.1 16.2±7.4 <0.05

Benign 114.3± 159.6 112.7±146.2 15.1±8.2

Wash in rate (rU) Malignant 385.8±320.8 290.04 ±202.7 97,202.0±328,762.02 <0.05

Benign 848.3±2,563.7 369.2±958.8 411,737.6±2,098,161.9

FLL: focal liver lesions; rU: relative units.
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Fig. 1. Case of a small HCC lesions. HiFR-CEUS perfusion imaging using the VueBox®; Regions of interest (ROI) in the centre of the lesion 
(green), at the margin (yellow) in comparison with the liver tissue. Early and high enhancement and then the wash-out characteristic is 
typical for neovascularization of malignant liver lesions. A) evaluation of the peak enhancement (PE) with high values in the centre and at 
the margin. B) evaluation of the short time to peak (TTP) in the centre and at the margin. C) evaluation of the short mean transit time (mTT) 
in the centre and at the margin. D) evaluation of the short rise time (RT) in the centre and at the margin. E) evaluation of the wash-in rate 
with high values in the centre and at the margin. F) evaluation of the wash-in and wash-out kinetic. 

When looking at the mTT, it can be seen that it is shorter 
in the center of malignant lesions (128.6±179.8 s) compared 
to benign lesions (200.3 ± 293.3 s), as well as in the peripheral 
area of malignant lesions (115.3±123.1 s) than in benign 
lesions (161.5±203 s). In the liver parenchyma, however, the 
mTT is significantly longer in malignant lesions (141.6±107.9 
s) than in benign lesions (128.8±138.6 s). The Mann-Whitney 
U test showed no significant statistical difference (p>0.05) 
between malignant and benign lesions for the mean transit 
time parameter.

When looking at the parameter RT, a significantly shorter 
RT can be observed in the center (66.5±30.9 s) and in the 
peripheral area (72.7±35.1 s) in malignant lesions, compared to 

the RT in benign lesions in the center (114.3± 159.6 s) and in the 
peripheral area (112.7±146.2 s). In the healthy liver parenchyma, 
however, the RT is slightly longer in malignant lesions (16.2±7.4 
s) than in benign lesions (15.1±8.2 s). The Mann-Whitney U-test 
showed a significant statistical difference in the parameter Rise 
Time in the marginal area of the lesions (p<0.05).

The WiR in the center (385.8±320.8 rU), in the 
periphery (290.04 ±202.7 rU) and in the liver parenchyma 
(97,202.0±328,762.02 rU) in malignant lesions showed a 
significantly lower WiR compared to benign lesions in the 
center (848.3±2,563.7 rU), periphery (369.2±958.8 rU) and 
liver parenchyma (411,737.6±2,098,161.9 rU). A lower WiR 
was found to be a characteristic of the malignancy of the lesion. 
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The Mann-Whitney U-test showed a significant statistical 
difference in the WiR parameter in the center and periphery 
of the lesions (p<0.05).

When looking at the WoR, both the center (581.71±595.78 
rU) and the peripheral area (321.1±197.6 rU) and the healthy 
liver parenchyma (16,446.8±28,410.0 rU) a significantly 
lower wash-out rate in the malignant lesions, compared to 
the benign lesions in the center (2,052.3±5,202.8 rU), in 
the periphery (70,822±2,108.6 rU) and liver parenchyma 
(905,601.3±3,728,728.6 rU). The Mann-Whitney U-test 
showed a significant statistical difference in the WoR parameter 
in the marginal area of the lesions (p<0.05) (Table II).

With the HiFR CEUS, the typical contrast agent behavior 
from the edge to the center, nodular in the case of hemangiomas 
and from the center to the edge in the sense of a spoke wheel 
pattern in the case of FNH could be derived in all cases of 
benign liver lesions, such as hemangiomas and FHN, leading 
to a diagnosis. The contrast uptake increased in the late phase 
up to 5 min. The contrast uptake was complete in typical 

hemangiomas, while a central recess remained in partially 
thrombosed atypical hemangiomas. In typical cases of FNH, 
a central scar was found.

The lack of contrast enhancement from the arterial to 
the late phase was typical for scarring changes after ablation 
(MWA) or postoperatively in CEUS.

In marginal recurrences, there would typically be an 
irregular nodular accumulation of contrast medium arterially 
in the marginal area and a wash-out of these nodular tumour 
parts beginning in the portal-venous phase.

With HIFR CEUS, the defects were correctly assessed in 
all cases. This was also the case for postoperative defects with 
localized reduced fat deposits. In these cases, the hypoechoic 
areas in the B-scan appear garland-shaped with wavy edges.

Magnetic resonance imaging examinations with dynamic 
contrast sequences (Vibe-3D) and diffusion sequences at 1.5 
or 3 Tesla with specific contrast agent (Primovist®) or a 2-phase 
multislice CT with arterial and later portal venous phase served 
as a reference.

Fig. 2. Case of a microwave ablation therapy of a HCC lesion. HiFR 
CEUS Perfusion imaging using the VueBox®. Regions of interest 
(ROI) in the centre of the lesion (green), at the margin (yellow) in 
comparison with the liver tissue. Devascularisation in the centre and 
no irregular enhancement as a sign of successful tumour treatment. 
A) evaluation of the wash-in kinetic. B) evaluation of the wash-out 
kinetic. C) evaluation of the peak enhancement (PE) low levels in 
centre and at the margin. E) evaluation the rise time (rT) with low 
levels in centre and at the margin.
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Typical for malignant lesions was an arterial irregular 
accumulation of contrast medium in the HiFR CEUS and a 
wash-out beginning in the portal venous phase and increasing 
towards the late phase. In all cases of colorectal metastases, 
detection that is more reliable was achieved in correlation 
with CT or MRI. However, evidence of irregular marginal 
vascularization was detectable for all lesions. However, it was 
possible to delineate the metastases with high image quality 
from as little as 5 mm in diameter using the wash-out in the 
portal venous phase after 60 s up to the late phase of 5 to 6 
min. The image quality was in some cases better than CT 
and reached that of MRI with liver-specific contrast agent 
in almost all cases. In cases of small septated cysts up to 10 
mm in diameter, HiFR CEUS proved to be superior to CT for 
differentiation from metastases.

In the detection of HCC or CCC, HiFR CEUS was 
successful in detecting the irregular, almost chaotic early 
hypervascularization of the tumour foci and the wash-out from 
the portal venous phase onwards; in the case of HCC, this was 
often only clearly visible in the late phase from 4 min onwards, 
if the tumour foci were > 15 mm in diameter, with good and 
very good image quality. In the case of several suspicious foci, 
the detection of all malignant lesions of a CCC or HCC in HiFR 
CEUS, especially the detection of small tumour foci > 10 mm 
in the late phase, is crucial. This was possible with HiFR CEUS 
in almost all cases with good image quality, in some cases even 
very good. The image quality was often significantly limited by 
the echo-inhomogeneous cirrhosis.

The assessment of tumour foci with a maximum 
diameter of only 10 mm was more difficult. Under difficult 
acoustic conditions, it can be difficult to assess both the 
hypervascularization and the partial wash-out as reliably 
malignant at a depth of < 15 cm. Therefore, one case was 
assessed as regenerative dysplastic with HiFR CEUS. In this 
case, the final assessment as an HCC lesion was made using 
MRI with liver-specific contrast agent.

DISCUSSION

The results of the study emphasize that modern technical 
developments such as the HiFR perfusion analysis CEUS have 
the potential to enable a high level of diagnostic certainty 
with only a low risk in liver diagnostics [2, 9]. However, there 
are a number of relevant influencing factors that can affect 
the result. These include the examination conditions, patient 
compliance and the technical and practical capabilities of the 
examiner. Under favorable conditions, CEUS can achieve a 
diagnostic certainty of well over 90% in the detection and 
description of focal liver lesions and is therefore comparable 
to reference imaging. An additional external independent 
perfusion analysis can represent an additional step on the way 
to less examiner dependency, also with the use of artificial 
intelligence [10, 11].

CEUS with sulphur-hexafluoride microbubbles is a dynamic 
imaging technique down to the level of tumour capillaries [5]. 
The localization of tumour structures and the assessment of 
benign or malignant lesions is based on the following factors: 
wash-in kinetics, vascular patterns (regular vs. irregular) 
and wash-out kinetics (up to the late phase) [12]. Computed 

tomography contrast agents are vascular and parenchymal 
and have different dynamics, whereas for MRI there are 
liver-specific contrast agents with vascular, parenchymal and 
RES-specific contrast. This can be particularly advantageous 
for the detection of smaller HCC foci [13-15]. Contrast 
enhanced ultrasound, on the other hand, is largely independent 
of renal function, which can be a decisive advantage in the 
case of altered creatinine clearance.Using second-generation 
ultrasound contrast agents, such as Sulphur-hexafluoride 
microbubbles (SonoVue®) (via intravenous bolus injection), 
CEUS allows dynamic recording of the microcirculation 
from the first 10 to 15 s (early arterial phase) to 5-6 min (late 
phase) and storage in DICOM-Cine sequences for different 
phases [5]. The detection of smaller tumour foci is based on 
using optimized technology multi-frequency probes, high 
frame rates and optimization of harmonic imaging of CHI 
(including PIHI and amplitude modulation). The new HiFR 
technique and perfusion analysis with external software offer 
an approach to this [2, 9, 10].

The characterization of benign foci of the liver is based 
on the detailed recording of the arterial microcirculation 
using CEUS (which is typical for benign lesions). Regular 
perfusion patterns: nodular enhancement from the edge in 
haemangiomas; spoked wheel pattern from the centre to the 
edge in FNH; spoked wheel pattern from the edge to the centre 
in adenomas [5, 15–17]. In complicated cysts that are reactively 
altered, a narrow septal contrast enhancement is found in septa 
< 2 mm. HiFR CEUS is sometimes superior to other diagnostic 
techniques (e.g. contrast enhanced CT or contrast enhanced 
MRI) in terms of recognisability for the contrast agent patterns 
described. CEUS can therefore serve as meaningful reference 
imaging. If biopsies are necessary as part of the diagnosis, it is 
recommended that a CEUS examination be carried out first in 
order to obtain optimum knowledge of the size, number and 
nature of possible lesions.

Using HiFR CEUS and perfusion analysis with the VueBox®, 
the typical contrast agent behavior could be derived in all 
cases of benign liver lesions from the edge to the center (e.g. 
FNH), nodular (e.g. hemangiomas) and from the center to 
the edge in the sense of a spoke wheel pattern (e.g. FNH) 
in a diagnosis-guiding manner. The contrast agent uptake 
increased in the late phase (up to 5 minutes). The contrast 
centre image was as follows: in typical haemangiomas it was 
complete; in thrombosed atypical haemangiomas a central 
depression remained in some cases; in typical cases of FNH a 
central scar was visible.

Typical for the perfusion analysis of malignant lesions 
was an arterial irregular accumulation of contrast medium 
in the HiFR CEUS and a wash-out beginning in the portal 
venous phase which wasincreasing towards the late phase. 
After correlation with CT/MRI there was reliable detection in 
all cases of colorectal metastases, but with irregular marginal 
vascularisation. However, it was possible to delineate the 
metastases with high image quality from as little as 5 mm 
in diameter using the wash-out in the portal venous phase 
after 50 s up to 5-6 min (late phase). The image quality 
was sometimes better than CT and achieved that of MRI 
with liver-specific contrast agent in almost all cases. In 
cases of small septate cysts up to 10 mm in diameter, HiFR 
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CEUS proved to be superior to CT for differentiation from 
metastases.

In malignant lesions, irregular hypervascularization is 
found in the arterial phase [e.g. in HCC, CCC, neuroendocrine 
tumours (NET) or NET foci] or in a irregular marginal 
vascularization (e.g. in metastases - especially colorectal) [5]. 
The use of HiFR CEUS can also be advantageous for detecting 
this irregular microvascularization. This also applies for the 
characterization of tumour cysts (with irregular septa > 3 
mm) and tumour nodules. Particularly in smaller lesions 
(maximum diameter of 10 mm) the detection of irregular 
microvascularization could be decisive in the differentiation of 
regenerative nodules, dysplastic foci or HCC findings [4,18,19]. 
A high-resolution contrast agent mode such as HiFR CEUS 
is therefore crucial for determining the exactly tumour entity.

To characterize a malignant lesion, it is crucial to record 
the dynamic wash-out kinetics over time. In metastases, this 
often begins in the portal venous phase (after 50 to 90 s), in 
CCC in the late portal venous phase and in HCC often only 
after 3 min, but can also only be recognizable in the late phase 
after 5 min. Independent perfusion analysis is also helpful in 
this case [20-22].

High-resolution CEUS techniques, such as the HiFR, are 
required to detect late washout behaviour. This applies in 
particular to small malignant tumour foci (diameter less than 
10 mm). Under optimal acoustic conditions, CEUS can achieve 
a sensitivity comparable to contrast enhanced MRI [4, 5, 8].

Typical for the perfusion analysis of scarring changes 
after ablation (MWA) or postoperatively in CEUS was the 
lack of contrast enhancement from the arterial to the late 
phase. Typical for marginal recurrences are: irregular nodular 
accumulation at the margins and a washout of these nodular 
tumour parts (which starts in the portal-venous phase).

The defects could be described correctly in all cases using 
the HiFR CEUS technique. The same was applied to the 
description of postoperative defects with locally reduced fat 
content. In these cases, the hypoechoic areas in the B-scan 
appear garland-shaped with a wavy border. MRI examinations 
or a 2-phase multislice CT served as a reference [23].

When assessing vascular changes with CEUS, the decisive 
factor is the extent to which reduced perfusion (e.g. in infarcts, 
behind tumours), increased blood flow (e.g. in hyperaemia, 
micro/macro shunts) or tumour thromboses (including the 
passage of microbubbles into the thrombus) can be detected. 
In Osler‘s disease, signs of hepatic changes include elongation 
and dilatation of the hepatic artery (A hepatica) with early 
contrasting (often < 10 s), rapid contrasting of the portal vein 
(V portae through shunts, < 40 s) and the hepatic veins (< 50 
s) [24–26]. Infarcts and scars show an avascular wedge-shaped 
pattern including typical perfusion changes.

Post-operative or post-ablative defects after interventions 
such as RFA, MWA or IRE may appear similar. Tumour 
recurrences often lead to irregular nodular marginal 
changes, arterially hyper-vascularized with wash-out in 
the late phase [27–30]. HiFR CEUS can prove to be useful 
in imaging micro-shunts or smaller tumour foci as well as 
high-resolution penetration of microbubbles into possible 
tumour thromboses.

However, there are limitations to the CEUS examination, 
even with HiFR. The clear dependence on the examiner‘s 
practical experience, the influence of a deep localization of 
possible foci, liver parenchymal changes, ascites, liver fibrosis 
or unfavorable ultrasound conditions (e.g. air overlay, obesity 
or poor compliance) should be emphasized [5]. In some cases, 
HiFR can make it easier to visualize the relevant findings. 

Atypical partially thrombosed hemangiomas can be 
difficult to diagnose as the central thrombus may indicate a 
partial wash-out [5, 8, 31, 32]. This also applies to adenomas 
with central fat components or necrosis. In smaller NET 
lesions, a wash-out indicating malignancy may be absent, 
which can make differentiation from FNH or adenomas 
more difficult. The central scar of the FNH cannot always 
be imaged. After chemotherapy, partial necrosis can occur 
in metastases, which appear avascular. Partial avascular 
necrosis also occurs after TACE of malignant liver tumours 
[29, 33-35]. Under favorable acoustic conditions, HiFR CEUS 
perfusion imaging can image these partial necroses with a 
high level of detail.

CONCLUSIONS

The extent to which HiFR with perfusion analysis makes 
it possible to achieve a higher diagnostic certainty than 
other CEUS modalities must be the aim of further studies, 
prospective and multicenter if possible, comparable to the 
DEGUM studies.
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