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Abstract: Focal liver lesions (FLLs) include a variety of benign and malignant tumors, and are usually differential
diagnosed by ultrasonography. However, traditional two-dimensional contrast-enhanced ultrasound (2D-CEUS) can
evaluate a single slice of a lesion. It cannot fully display perfusion of a lesion and the relationship with the surround-
ing tissues, which may lead to misdiagnosis. This study aimed to investigate real-time three-dimensional CEUS (3D-
CEUS) for evaluation of the vascular configuration of FLLs. Using real-time 3D-CEUS with SonoVue on 161 patients
with FLLs, we found that when compared with 2D-CEUS, real-time 3D-CEUS provided more detailed information
about the origin, continuity, and numbers and structures of the feeding artery. On 3D-CEUS hepatocellular carci-
noma showed intratumoral vessels with diffuse enhancement, metastatic liver cancer showed peritumoral vessels
or absence of tumor vessels with ring-like enhancement or non-enhancement, focal nodular hyperplasia showed a
spoke-wheel artery with diffuse enhancement, and hemangiomas showed nodular enhancement. Our results dem-
onstrate that real-time 3D-CEUS using SonoVue is an effective method for visualizing the characteristic vascular
configuration of FLLs, and this may assist with the diagnosis.
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Introduction sion and relationship with the surrounding tis-
sues. Because of this, using 2D-CEUS may lead
to a misdiagnosis. Previous studies have sug-
gested that three-dimensional CEUS (3D-CEUS)
possesses advantages over 2D-CEUS as it can

display the spatial relation of a lesion with sur-

Focal liver lesions (FLLs) include a variety of
benign and malignant tumors, such as he-
patocellular carcinoma (HCC), metastatic liver
cancer (MLC), hemangiomas, focal nodular

hyperplasia (FNH), and inflammatory lesions.
Ultrasonography has emerged as an excellent
tool for the differential diagnosis of FLLs.

Recently, with the help of low acoustic power
contrast-specific modes with a mechanical
index of less than 0.2, and second-generation
contrast agents such as SonoVue, two-dimen-
sional contrast-enhanced ultrasound (2D-
CEUS) has been widely used for distinguishing
malignant from benign FLLs [1-3]. However,
2D-CEUS can only evaluate a single slice of a
lesion, and cannot fully display a lesions perfu-

rounding tissues [4, 5]. With 3D-CEUS the vol-
ume data can be rotated to different angles
to establish the best position of an image to
fully analyze a selected region. This ability com-
pensates for the single-plane limitation of
2D-CEUS. However, conventional 3D-CEUS pro-
vides a static image, and does not provide
enhancement patterns along with an evolving
phase [6].

Real-time 3D-CEUS with continuous data set
acquisition capacity is called 4D-CEUS. The
technique can accurately illustrate the location
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of a lesion, indicate the spatial relation of liver
tumor blood vessels, and visualize the dynamic
perfusion of 3D regions of interest to provide
richer and more intuitive information [7]. As
such, it has advantages for displaying angio-
graphic structure and dynamic perfusion of
FLLs in real-time.

The aim of the current study was to demon-
strate morphological images of feeding arteries
and spatial tumor enhancement patterns of
FLLs on the real-time 3D-CEUS images, and
to investigate the effectiveness of real-time
3D-CEUS in the differentiation of FLLs.

Materials and methods

This prospective study was approved by the
Institutional Ethics Committee of the First
Affiliated Hospital of Sun Yat-sen University
(Guangzhou, People’s Republic of China), and
informed consent was obtained.

Patients

Between June 2013 and April 2014, patients
suspected of having FLLs by prior conventional
US or computed tomography (CT) were recruit-
ed to undergo real-time 3D-CEUS. For patients
with multiple lesions, real-time 3D-CEUS was
performed on the largest lesion, and if the
largest lesion was not suitable for scanning
due to its location, the next largest lesion was
selected.

The eligibility criteria for participation in the
study were: a) age 18-80 years, b) absence of
severe cardiopulmonary diseases, c) absence
of pregnancy or lactation, d) pathologically or
clinically diagnosed FLLS, and e) untreated
FLLs. The reference standards for FLLs in this
study were as previously described [8]. HCC
was diagnosed based upon pathological exami-
nation of ultrasound-guided biopsy or surgical
resection specimen, or according to the diag-
nostic criteria published by the European
Association for the Study of the Liver (EASL).
MLC was diagnosed by ultrasound-guided
biopsy, or based clinical data (history of malig-
nant tumor and the new liver lesions with typi-
cal imaging finding, i.e., arterial-phase hyper-
enhancement and quick contrast washout on
images). Benign tumors were confirmed by their
typical appearance on multi-detector contrast-
enhanced CT, or magnetic resonance imaging
(MRI) with at least 6-months of follow-up, and

1470

those without typical findings were confirmed
by pathological examination.

Patients who were unable to hold their breath,
or had lesions in inappropriate locations for
acquiring 3D images due to artifacts from cos-
tal bone shadows, heart motion, or abdominal
gas were excluded.

CEUS examination

The same sonographer (XYX) with more than
15 years of experience performing abdominal
US and more than 10 years of experience per-
forming CEUS and 3D-CEUS performed all the
examinations using a Toshiba Aplio 500 US
imaging system (Toshiba Medical Systems,
Tokyo, Japan). A convex transducer (PVT-375BT)
with a center frequency of 3.5 MHz was used
for 2D scanning, and a 4D transducer (PVT-
675MVT) with a frequency range of 4-8 MHz
was used for real-time 3D-CEUS.

Before the administration of the contrast
agents, baseline grayscale ultrasound scans of
the entire liver were performed. The imaging
settings of the ultrasound scanner were opti-
mized to get the best depiction of the target
lesion, and the details of the lesions were
recorded. Color Doppler flow imaging (CDFI), or
advanced dynamic flow imaging (ADFI) was also
performed to assess the blood flow.

2D-CEUS was then performed using contrast
harmonic imaging. A bolus of 2.4 mL of ultra-
sound contrast agent (SonoVue, Barcco, Milan,
Italy) was injected intravenously in an antecubi-
tal vein, followed by a flush of 5 mL of normal
saline. Continuous scanning began immediate-
ly after SonoVue administration, and continued
for 3-5 min. The imaging process was continu-
ously monitored, and classified into arterial
phase (i.e., 7-30 s after contrast agent injec-
tion), portal phase (31-120 s), and late phase
(121-360 s) [9]. Digital cine clips were record-
ed and stored for subsequent analysis. The
field of view and gain was optimized to provide
the clearest depiction of the lesion. A split-
screen mode was used to display the CEUS
image on the right side, and the background US
image on the left side on a single monitor.

Subsequently, at an interval of at least 5 min to
allow for contrast clearance of the previous
contrast injection, real-time 3D-CEUS was per-
formed. A second dose of 2.4 mL of SonoVue
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was administered without saline flush, and the
equipment settings and parameters were the
same as used for 2D-CEUS. The real-time
3D-CEUS scanning was initiated when the liver
artery was visualized. The transducer was kept
stable to ensure that the target lesion was in
the scan area during the arterial and early por-
tal phases, and the raw data clips were stored
for subsequent image reconstruction and
analysis.

3D image reconstruction

One author (YL with 5 years of experience in
abdominal US, CEUS, and 3D-CEUS), who was
blinded to the clinical information, final diagno-
sis, and other radiological findings, reconstruct-
ed the 3D images using the Aplio 500 online
analysis software package (CHI-Q, Version 3.7,
Toshiba, Japan). The reformatted images of the
three orthogonal planes were displayed instan-
taneously on the screen. The images were
rotated or translated to obtain the optimal view-
ing orientation, and the size of the subvolume
was adjusted to eliminate unwanted echoes.
Various 3D modes were available with the scan-
ner, including a tomographic ultrasound imag-
ing (TUI) mode. The TUl mode could display
the target lesion in a series of parallel planes,
with a thinnest interval distance of 0.2 mm,
along the A, B, or C plane. These images in opti-
mal mode were also displayed dynamically to
ensure better observation from various direc-
tions, and better understanding of the spatial
relation between the target lesion and adjacent
structures. The whole process of reconstruc-
tion took 3-5 min for each patient. Technical
success was defined as the successful recon-
struction of real-time 3D-CEUS images. The
3D-CEUS data sets were stored digijtally, and
transferred to a high-performance personal
computer for subsequent analysis.

3D images analysis

Two investigators (GLH and XHX, both with
more than 8 years experience in US, CEUS, and
3D-CEUS) evaluated the images, and differenc-
es were resolved by consensus. Both investiga-
tors were blinded to the final diagnoses, clinical
information, and other radiological findings.

For real-time 3D-CEUS images, the imaging
quality, feeding arteries, and tumor enhance-
ment patterns in the early phase for all the
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lesions were reviewed. The assessment of the
imaging quality of real-time 3D-CEUS was clas-
sified into four grades: excellent, good, com-
mon and poor. Excellent indicated that the
lesion and feeding arteries were clearly dis-
played without artifact, the continuity of ves-
sels was clear, and the whole image was uni-
form. Good indicated that the lesion and
feeding arteries were displayed with little
artifact, and the whole image was uniform.
Common indicated that the lesion and feeding
arteries were depicted with significant artifact,
or the image was not uniform. Poor indicated
that the lesion and feeding arteries were not
clearly visualized, and the image could not
be further assessed. The potential influence of
the pathological diagnosis, lesion size, loca-
tion, scanning approach, presence of interfer-
ing shadowing, and enhancement level on
3D-CEUS image quality was investigated. An
interference shadow was defined as acoustic
shadowing from the ribs, and gas from the
stomach, intestine, or colon. Real-time 3D-
CEUS was also compared with 2D-CEUS in
assessing the origin (clear or unclear) and
continuity (well or poor) of the feeding arteries.
The number of feeding arteries and structure
(tortuous or normal) were further compared in
subgroups of each histological lesion type.

Lesions with acceptable image quality (includ-
ing excellent, good, and common) were further
evaluated for tumor enhancement patterns.
The tumor enhancement patterns consisted of
tumor vessels and tumor enhancements, which
were divided in four types and four patterns,
respectively.

The four types of tumor vessels were defined
as follows: intratumoral vessels, tortuous ves-
sels distributed in the lesions; spoke-wheel
artery, a centrally located feeding artery with
centrifugal satellite branching; peritumoral
vessels, tumor vessels mainly distributed at
the periphery of the lesions; and absence of
tumor vessels. The intratumoral vessels were
classified according to three patterns: sur-
rounding pattern, branching pattern, and mixed
artery pattern. The surrounding pattern was
defined as the nourishing artery distributed
from the periphery to the center of the lesion;
branching pattern was defined as the nourish-
ing artery located in the center of the lesion,
with branches distributed to the periphery of
the lesion. The four patterns of tumor enhance-

Am J Transl Res 2018;10(5):1469-1480



CEUS for diagnosis of focal liver lesions

Table 1. Image quality of real-time 3D-CEUS for characterization during arterial phase and the poten-

tial influence factors

Image quality
Influencing factors Excellent Good Common Poor P value
(n=90) (n=18) (n=24) (n=29)

Pathology
Malignant (n = 132) 74 11 20 27 0.051
Benign (n = 29) 16 7 4 2

Lesion size
<3.0cm (n=44) 22 5 6 11 0.555
>3.0cm (n=117) 68 13 18 18

Lesion location
Left lobe (n = 36) 15 5 7 9 0.274
Right lobe (n = 125) 75 13 17 20

Depth scanning route
Intercostal (n = 107) 66 14 9 18 0.007
Subcostal (n = 54) 24 4 15 11

Presence of interfering shadowing
Yes (n = 37) 3 11 10 13 <0.001
No (n = 124) 87 7 14 16

Intralesional enhancement level in arterial phase
Hyperenhancement (n = 129) 87 16 16 10 <0.001
Isoenhancement (n = 6) 0 1 0 5
Hypo-or non-enhancement (n = 26) 3 1 8 14

ments included diffuse enhancement, defined
as homogeneous or heterogeneous tumor
enhancement; peripheral ring-like enhance-
ment, defined as ring-shaped enhancement
in the tumor periphery; peripheral nodular
enhancement, defined as enhancement in the
tumor periphery with a nodular shape; and
absence of tumor enhancement compared
with the adjacent liver parenchyma.

Statistical analysis

Quantitative variables were expressed as the
mean + standard deviation. Categorical vari-
ables were expressed as relative frequency.
Factors potentially influencing image quality,
such as lesion size, lesion location, lesion
depth, scanning approach, interfering factors,
and intralesion enhancement level in the arte-
rial phase, were evaluated using chi-square
tests. Categorical variables measured on real-
time 3D-CEUS and 2D-CEUS images were also
compared using chi-square tests, and the
sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy were
calculated. All statistical analyses were per-
formed using SPSS version 16.0 (SPSS, Chi-
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cago, IL). A two-tailed P value < 0.05 was con-
sidered significant.

Results

A total of 161 patients were enrolled in the
study. There were 125 males and 36 females,
with a mean age of 49.6 + 14.0 years (range,
32-71 years). Among them, 103 patients had
solitary tumors, and 58 had multiple tumors.
For patients with multiple lesions, only the larg-
est one was selected for evaluation. Thus, 161
lesions with a mean diameter of 5.5 + 3.2 cm
(range, 1.3-11.7 cm) were examined. There
were 132 malignant lesions, and 29 benign
lesions. Among the malignant lesions, 109
were HCC (39 diagnosed by clinical criteria, 70
confirmed by pathological examination), 3 were
intrahepatic cholangiocarcinoma (ICC), and 20
were MLC (all diagnosed based upon clinical
data) from colon carcinoma (n = 7), rectal carci-
noma (n = 5), gastrointestinal stromal tumor (n
= 1), pancreatic neuroendocrine tumor (n = 1),
pancreatic carcinoma (n = 1), esophageal carci-
noma (n = 1), ampullary carcinoma (n = 1), and
breast cancer (n = 5). The 29 benign tumors
consisted of 16 hemangiomas and 13 FNHs.
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Table 2. The origin and continuity of feeding arteries on
real-time 3D-CEUS and 2D-CEUS images (n = 161)

respectively. “Excellent” image quali-
ty was found in 67.4% (87/129)

hyperenhanced lesions and in 11.5%

Origin Continuous arrangement 3/96) h h o
Clear Unclear Well Poor (./ ) ypo— or non-en gnce e
2D.CEUS % = - 4 sions. No isoenhanced lesions were
i scored as having “Excellent” image
Real-time 3D-CEUS 109 52 110 51

quality.

Table 3. The feeding artery numbers on real-time 3D-CEUS

and 2D-CEUS images (n = 161)

Among the potential influencing fac-
tors, the scanning approach, pres-
ence of interfering shadowing, and

Feeding artery numbers

1 2 3 >3 0/unclear

intralesional enhancement extent in

Malignant lesions (n = 132)
2D-CEUS
Real-time 3D-CEUS
Benign lesions (n = 29)
2D-CEUS 7
Real-time 3D-CEUS

51 15 8 6 52
36 29 19 10 38

1 0 O 21
11 2 0 O 16

Pvalue the arterial phase correlated with
the image quality of real-time 3D-

0.005 CEUS. The lesion location, size and
depth did not have a significant in-
fluence on the image quality (Table
1).

0.387

Among the 29 lesions with poor

Table 4. The feeding artery structures on real-time 3D-

CEUS and 2D-CEUS images (n = 109)

imaging quality, there were 27 malig-
nant tumors (3 ICCs, 17 HCCs and
7 MLCs) and 2 benign tumors (2
hemangiomas). Comparison of the

Feeding artery structures

lesions with acceptable imaging qu-

Tortuous Normal Unclear Pvalue ality and poor imaging quality show-
Malignant lesions ed significant differences in inter-
fering shadowing (P = 0.002) and
2D-CEUS 47 17 59 0.017 . .
) enhancement level in the arterial
Real-time 3D-CEUS 69 10 44 phase (P < 0.001).
Benign lesions
2D-CEUS 2 1 26 0.458 Real-time 3D-CEUS versus 2D-CEUS
Real-time 3D-CEUS 1 6 22 in the evaluation of the feeding

Three hemangiomas and 4 FNHs with atypical
radiologic findings were confirmed with biopsy,
and the remaining 22 lesions were diagnosed
by CT/MRI with the clinical data.

Influencing factors for the image quality of
real-time 3D-CEUS

The technical success was 100% (161/161).
During the arterial phase, the image quality
of the 161 lesions was determined to be
“Excellent” in 82 (54.3%) lesions, “Good” in 17
(11.3%) lesions, “Common” in 23 (15.2%)
lesions, and “Poor” in 29 (19.2%) lesions. After
review of the real-time 3D-CEUS images, inter-
fering shadowing was present in 37 (23.0%)
of 161 lesions. Intercostal scanning was
performed in 107 (66.5%) patients, and the
remaining 54 (33.5%) patients were scanned
from a subcostal approach. Hyper-, iso-, and
hypo- or non-enhancement was visualized in
129 (80.1%), 6 (3.7%), and 26 (16.1%) lesions,
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artery

The comparison of real-time 3D-CEUS and
2D-CEUS showed significant differences in
both the origin (P = 0.029) and continuity (P <
0.001) of the feeding artery (Table 2).

In the subgroup assessment, the malignant
lesions exhibited angled, massive and tor-
tuous feeding arteries by rotating real-time
3D-CEUS images. Feeding artery numbers
(P =0.005, Table 3) and structures (P = 0.017,
Table 4) showed significant differences be-
tween real-time 3D-CEUS and 2D-CEUS in HCC
(Figure 1). However, no significant differences
were found between 2D-CEUS and real-time
3D-CEUS in the artery numbers and structures
of benign lesions (P = 0.387 and P = 0.458,
respectively).

Characteristics and diagnostic performance of
real-time 3D-CEUS images

We excluded 29 (29/161, 18.0%) lesions with
poor image quality due to inadequate visualiza-
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Figure 1. A 68-year-old male with HCC (tumor size, 8.1 cm x 5.6 cm) in segments V and VIl of the liver. A. 2D-CEUS
did not exhibit the feeding artery during the whole process. B. Real-time 3D-CEUS showed a clear feeding artery
(white arrow), with four surrounding branches (white arrowhead) supplying the lesion, which is called a surrounding

pattern.

tion. Therefore, a total of 132 lesions were fur-
ther analyzed for tumor vessels and tumor
enhancements on the real-time 3D-CEUS im-
ages. Among them, there were 92 HCCs, 13
MLCs, 13 FNHs, and 14 hemangiomas. The
tumor vessels and tumor enhancements of
the 132 FLLs are presented in Tables 5 and 6,
respectively.

HCC

Of the 92 HCCs, 87 (87/92, 94.6%) lesions had
intratumoral vessels, and 48 of these had a
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surrounding pattern (Figure 1), 14 a branch-
ing pattern (Figure 2), and 25 a mixed artery
pattern. Among them, most (86/87, 98.9%)
lesions exhibited intratumoral vessels with dif-
fuse enhancement, and only one (1/87, 1.1%)
had early intratumoral vessels with rim-like
enhancement. Another 5 HCC lesions exhibit-
ed rim-like enhancement: two with peritumoral
vessels and three without tumor vessels. If
lesions displaying intratumoral vessels with
diffuse enhancement were diagnosed as HCC,
the sensitivity, specificity, and accuracy were
93.5%, 85.0%, and 89.6%, respectively.
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Table 5. Vascular structure of FLLs with acceptable image quality (n = 132)
HCC(n=92) MLC(n=13) FNH(n=13) Hemangiomas (n=14)

Intratumoral vessels  Surrounding 48 (53.3%) 0 (0%) 0 (0%) 0 (0%)
Branching 14 (15.2%) 2 (15.4%) 2 (15.4%) 0 (0%)
Mix 25 (27.2%) 2 (15.4%) 0 (0%) 0 (0%)
Total 87 (94.6%) 4 (30.8%) 2 (15.4%) 0 (0%)
Spoke-wheel artery 0 (0%) 0 (0%) 11 (84.6%) 0 (0%)
Peritumoral vessels 2 (0%) 5 (38.5%) 0 (0%) 2 (15.3%)
Absence of tumor vessels 3(1.1%) 5 (30.8%) 0 (0%) 12 (85.7%)

Table 6. Enhancement pattern of FLLs with acceptable image qual- vessels. Four lesions exhibit-

ity (n =132) ed non-enhancement without
HCC MLC FNH Hemangiomas tumor vessels. The remaining

(h=92) (n=13) (n=13) (n = 14) four lesions showed diffuse

Diffuse enhancement 86 (93.5%) 4 (30.8%) 13 (100%) O (0%) enhancement with intratu-
Nodular enhancement ~ 0(0%)  0(0%)  0(0%) 13 (92.9%) moral vessels. If lesions dis-
Rim-like enhancement 6 (6.5%) 5 (38.4%) 0 (0%) 1 (7.1%) playing peritumoral vessels
Non-enhancement 0(0% 4(30.8%) O (0%) 0 (0%) or absence of tumor vessels

with ring-like enhancement
or nonenhancement were di-
agnosed as MLC, the sensi-
tivity, specificity, and accura-
cy were 69.2%, 95.0%, and
92.4%, respectively.

FNH

There were 13 FNH lesions
in the study. Eleven (11/13,
84.6%) lesions showed a
spoke-wheel artery with dif-
fuse enhancement (Figure 4).
The remaining two (2/13,
15.4%) lesions showed intra-
tumoral vessels with diffuse
enhancement. If lesions dis-
playing a spoke-wheel arte-
ry with diffuse enhancement
were diagnosed as FNH, the
sensitivity, specificity, and ac-
curacy were 84.6%, 100%,
and 98.5%, respectively.

Figure 2. A 37-year-old male with HCC (tumor size, 11.7 cm x 10.7 cm) in seg-
ments V and VIII of the liver. Real-time 2D-CEUS does not exhibit the feeding
artery while real-time 3D-CEUS showed diffuse enhancement with intratu-
moral vessels showing a branching pattern.

Hemangiomas

MLC Most (13/14, 92.9%) hemangiomas showed
nodular enhancement without tumor vessels
(n =12, 92.3%) (Figure 5) or peritumoral ves-
sels (n = 1, 7.7%). Only one (1/14, 7.1%) lesion

Different tumor vessels and tumor enhance-
ment was detected in the 13 MLCs. Four

lesions showed rim-like enhancement with per-
itumoral vessels (Figure 3), and one lesion
showed rim-like enhancement without tumor
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had rim-like enhancement with peritumoral
vessels. Lesions displaying nodular enhance-
ment had a sensitivity of 92.9%, a specificity of
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Figure 3. A 34-year-old male with MLC from rectal cancer (tumor size, 1.5
cm x 1.3 cm) in segment VI of the liver. Real-time 3D-CEUS showed rim-like

enhancement with peritumoral vessels.

Figure 4. A 29-year-old female with FNH (tumor size, 4.7 cm x 4.4 cm) in
segment V of the liver. Real-time 3D-CEUS showed a spoke-wheel artery with
diffuse enhancement.

100%, and an accuracy of 99.2% for the diag-
nosis of hemangioma.

Discussion
In the present study, we investigated the vascu-

lar configurations of FLLs using real-time
3D-CEUS with SonoVue. Different FLLs dis-
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played characteristic vascu-
lar structures and enhance-
ment patterns on the real-time
3D-CEUS images, which can
aid in the differential diagno-
sis of FLLs. Compared with
2D-CEUS, 3D-CEUS exhibited
a higher spatial resolution of
the continuous perfusion of
the feeding vessels and their
origin, distribution, and con-
tinuity. The results indicate
that real-time 3D-CEUS using
SonoVue is an effective me-
thod for visualizing the char-
acteristic vascular configura-
tions of FLLs. While the te-
chnique is effective, the sc-
anning approach, interfering
factors, and intralesional en-
hancement level in the arte-
rial phase influenced the final
image quality.

A growing number of studies
have examined 3D-CEUS for
the evaluation of FLLs [4,
10-13]. In the retrospective
study of Luo et al. [14], 84
patients with FLLs underwent
automatic scanning with stat-
ic 3D sonography 20-60 sec-
onds after administration of
a perflubutane contrast ag-
ent. The main pattern and in-
tratumoral vessels with early
homogeneous or heteroge-
neous tumor enhancement
had an acceptable sensitivi-
ty and specificity for FLLs.
Therefore, 3D-CEUS was th-
ought to be an alternative
method for visualizing the
characteristic vascularity of
FLLs that may contribute to
their diagnosis. Compared
with 3D contrast-enhanced
CT, 3D-CEUS was shown to have similar sensi-
tivity and specificity in characterizing various
FLLs [10]. However, a static 3D-CEUS technique
that could not visualize dynamic perfusion was
used in that study. Recently, Dong et al. [4]
used dynamic 3D-CEUS to demonstrate the
vascular configuration of FLLs. Nevertheless,
dynamic 3D-CEUS was not real-time in that
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Figure 5. A 72-year-old male with hemangiomas (tumor size, 4.0 cm x 3.3
cm) in segments VIl and VIII of the liver. A. US showed hypersonic lesions.
B. ADFI showed no feeding artery. C, D. 2D-CEUS showed a feeding artery
with an unclear origin and poor continuity. E, F. Real-time 3D-CEUS showed
a clear feeding artery (white arrow), with a clear origin and good continuity.

study. A time delay is present when 3D acquisi-
tion is selected, and the 3D program is initiated
[4].

In the present study, we used realtime
3D-CEUS to determine the characteristic vas-
cularity of FLLs, and compared it with 2D-
CEUS images of the feeding artery. Real-time
3D-CEUS can display the origin, continuity, and
numbers and structures of the feeding arteries
in the malignant lesions in more detail. No dif-
ference in terms of numbers and structures
was found in benign lesions due to their small
number. In fact, the feeding arteries were less
tortuous in benign lesions. In some lesions, the
2D-CEUS images failed to display the feeding
arteries on the initially selected sections, but
the continuity and spatial relations of the arter-
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ies were clearly displayed by
real-time 3D-CEUS through
image post-processing. Real-
time 3D-CEUS offers the ad-
vantage of providing enhanc-
ed images in the three or-
thogonal planes, which faci-
litates the review of the imag-
es from various directions
and slice-by-slice in real-time.
Additionally, 3D-CEUS provi-
des detailed information ab-
out the spatial relations be-
tween the tumors and ad-
jacent structures. Therefore,
real-time 3D-CEUS may dem-
onstrate tumor information
that is missed by 2D-CEUS,
and even by static 3D-CEUS.
Therefore, real-time 3D-CEUS
is superior to 2D-CEUS in re-
vealing the feeding artery of
FLLs.

On the real-time 3D-CEUS
images, most HCCs exhibit-
ed early diffuse enhancement
of intratumoral vessels, while
the main enhancement pat-
terns of hepatic hemangio-
ma and FNHs were periphe-
ral nodular enhancement and
spoke-wheel arteries with ea-
rly tumor enhancement, res-
pectively. However, different
enhancement patterns were
detected in the MLCs during the arterial ph-
ase. Most MLCs displayed peritumoral vessels
or absence of tumor vessels with ring-like
enhancement or non-enhancement, which was
consistent with the findings of Luo et al. [12].
Based upon this diagnostic criterion, the se-
nsitivity for MLCs is relatively low. A possible
explanation may be that the quick wash-out of
contrast and marked hypoenhancement in the
portal or late phases is the typical enhance-
ment pattern of MLCs. However, due to the
technical limitations of the current 4D probe,
only the arterial phase was stored and used to
differentiate FLLs in the present study.

We found that the scanning approach, interfer-
ing shadowing, and intralesional enhancement
level significantly influenced the final image
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quality of 3D-CEUS. In the present study, inter-
costal scanning was found to be beneficial in
obtaining high image quality, in contrast with
the results reported by Xu et al. [1]. Perhaps,
most tumors scanned in the subcostal
approach are likely to be influenced by heart
motion or respiratory movement, which may
result in signal loss during 3D scanning. On the
other hand, real-time 3D-CEUS images in the
arterial phase of the lesions achieved a high
image quality in 92.2% of hyperenhanced,
46.2% of hypo- or non-enhanced lesions, and
only 16.7% of isoenhanced lesions. Therefore,
the isoenhanced lesions on CEUS are not
appropriate for 3D examination because insuf-
ficient contrast is present at the interface of
the lesion and surrounding liver parenchyma,
as shown in unenhanced liver ultrasound scan-
ning. Similarly, clear intralesional vascularity on
3D-CEUS was visualized in most of the hyper-
enhanced FLLs. Better results were obtained in
hyperenhanced lesions due to a superior spa-
tial relation, significant contrast, and the infor-
mation content of the lesions.

In our department, static 3D-CEUS evaluation
of the liver had been utilized for many years
[15]. Recently, the 3D technique has improved,
and is gradually being used in more applica-
tions, such as guidance for puncture proce-
dures [16] and the assessment of local treat-
ment efficacy [17, 12, 7]. In 2011, Sugimoto
et al. [16] designed a liver phantom that con-
tained four simulated spherical masses of two
different sizes, and in two different positions
within an acrylic box. Punctures with 2D and
real-time 3D ultrasound guidance were per-
formed and compared. The results suggested
that real-time 3D ultrasound-guided punctures
were markedly more accurate than 2D ultra-
sound-guided punctures in most tumor models
of different diameters and depths. With the
help of ultrasound contrast agents, the 3D
technique is useful for differentiating FLLs,
and also for evaluating the treatment efficacy
after local therapies (such as radiofrequency
ablation, microwave ablation, and transcathe-
ter arterial chemoembolization) for malignant
FLLs [17-19]. Previous studies have reported
that 3D-CEUS showed highly consistent ass-
essment of ablation efficacy for HCC compar-
ed with contrast-enhanced CT, and has the
potential to serve as an alternative to contrast-
enhanced CT in follow-up after ablation [18,
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19]. Compared with 2D-CEUS, 3D-CEUS im-
proved the diagnostic confidence in assessing
the response of liver cancer to local therapies
in the majority of patients, and even led to
changes in the management of some patients
[20], although the diagnostic performance is
similar [20, 21].

Although real-time 3D-CEUS images were suc-
cessfully reconstructed for all the FLLs, 29
FLLs including 83.3% of iso-enhanced lesions
and 53.8% of hypo- or non-enhancing lesions
were excluded in evaluating the diagnostic per-
formance due to poor image quality. Moreover,
we only investigated images in the arterial
phase because of inadequate image quality in
the portal and late phases. In spite of the
improvement of the current 4D probe, the spa-
tial resolution is still limited, especially in the
portal and late phases. As such, new genera-
tion 4D probes are in development to allow
uninterrupted monitoring of the 3D informa-
tion.

This study has several limitations. Firstly, most
lesions were malignant, and a selection bias
may exist. The study population may not be
representative of a screening population. Se-
condly, real-time 3D-CEUS images in the por-
tal and late phases were not evaluated due
to poor image quality, although these images
could be obtained. Given that in 18.0% of
cases, unsatisfactory 3D-CEUS image quality
may impact image evaluation, these lesions
were excluded in assessing the diagnostic
performance. Thirdly, we used tumor enhance-
ment patterns to differentiate FLLs, without
using the characteristics of feeding arteries.
Perhaps, the combination of tumor enhance-
ment patterns and the characteristics of the
feeding artery could improve the diagnostic
performance of real-time 3D-CEUS; this hy-
pothesis will be investigated in our further
studies. Fourthly, the diagnostic performance
of real-time 3D-CEUS in the differentiation of
FLLs was not compared with 2D-CEUS. Finally,
the evaluation of inter-observer agreement was
not investigated; different results from the two
investigators were resolved by consensus.

In conclusion, real-time 3D-CEUS using So-
noVue is an effective technique for visualizing
the characteristic vascular configurations of
FLLs, and may contribute to the diagnosis of
these lesions. Further large-scale multicenter
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studies are required to confirm our observa-
tions.
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