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Background & Aims. To investigate the value of dynamic three-dimensional contrast-enhanced ultrasound (3D-CEUS) in the
assessment of therapeutic response of hepatocellular carcinoma (HCC) treatedwith radiofrequency ablation (RFA).Methods. Forty-
two patients (31 men and 11 women; mean age (52.1 ± 13.1 years)) with 42 clinical diagnosed HCC lesions (size range 14-48mm;
mean size 28.4 ± 9.9mm) treated by RFA were included. All patients underwent two-dimensional contrast-enhanced ultrasound
(2D-CEUS) and 3D-CEUS 1 month after treatment. Two radiologists assessed the absence (complete response, CR) or presence
(residual tumor, RT) of any arterially hyperenhancing nodules within or along the margin of the treated HCC lesions. Complete
response on magnetic resonance (MR) imaging acted as standard of reference (SOR). Results. After RFA treatment, 3D-CEUS was
successfully conducted in 34 HCC lesions. CR was observed on both 2D-CEUS and 3D-CEUS in 25/42 (59.5%) HCC and RT in
6/42 (14.3%) HCC lesions. In 3/42 (7.1%) HCC lesion, RT was documented by SOR and 3D-CEUS, but it was not appreciable at
2D-CEUS. In 3/42 (7.1%) HCC lesion, the presence of peripheral RT was suspected by both 2D-CEUS and 3D-CEUS, but it was
not confirmed by SOR. No statistically significant difference between 2D-CEUS and 3D-CEUS in depicting either CR or RT was
found (P = 0.25). Combined with dynamic 3D-CEUS, the diagnostic accuracy was improved from 85.7% to 92.9%. Conclusions.
3D-CEUS might be helpful in better diagnostic performance in the assessment of therapeutic response of HCC treated after RFA.

1. Introduction

Various nonsurgical local minimal invasive treatment op-
tions, including radiofrequency ablation (RFA), transarterial
chemoembolization (TACE), and percutaneous alcoholiza-
tion, have emerged as valid alternative treatments in patients
with hepatocellular carcinoma (HCC) [1, 2]. Among which,
RFA currently represents the first-line therapy for patients
with unresectable HCC [3, 4].

An accurate assessment of therapeutic response is of vital
importance for clinical decision-making procedure. Early
detection of residual tumor or recurrence area after ablation
is key to prompt intervention [5, 6]. With the aim to assess
treatment response and to monitor evolution of the ablative
tissue over time, clinical, laboratory, and imaging follow-
up are usually performed one month after treatment [3, 4].

Medical imaging plays an important role in the evaluation
of RFA treatment response of HCC patients. Changes in
tumor size and tumor vascularity are the very parameters
in evaluation of the therapeutic response. Previously, change
in tumor size has been used in clinical practice to deter-
mine the treatment response according to the World Health
Organization criteria and the Response Evaluation Criteria
in Solid Tumors (RECIST) [7]. Since perfusion changes begin
earlier than size changes after RFA, the ability to evaluate early
perfusion changes of HCC is more crucial [8].

Current imaging modalities mainly focus on tumor size
reduction. Dynamic contrast material enhanced computed
tomographic (CT) and magnetic resonance (MR) imaging
were routinely regarded as the reference standard in the
evaluation of tumor response [9]. They were shown to depict
treatment induced tumor perfusion changes before there
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were changes in lesion size [10, 11]. However, their appli-
cation in clinical assessment of HCC ablation is limited by
accessibility of CT and MR imaging equipment, complexity
of procedure, relative high cost, risk of allergies, radioactive
side effects, contradictions of renal insufficiency, and metal
implants.

The application of two-dimensional contrast-enhanced
ultrasound (2D-CEUS) in the prediction of tumor response
to chemotherapy has been improved to be earlier than using
RECIST criteria [12]. However, after injection of ultrasound
contrast agents, the brief arterial phase makes it hard to
display whole ablative zone or to obtain enough spatial infor-
mation of residual lesion in a short timeframe. Meanwhile,
2D-CEUS displays tumor perfusion in a single plane, it could
not fully display the vascular characteristics if the tumor
contains abundant blood vessels or in a position suboptimal
detection [13–15].

Recently, dynamic three-dimensional contrast-enhanced
ultrasound (3D-CEUS) technique has been reported to
improve the display of tumor vascularity, allowing evalu-
ation of the tumor perfusion in three orthogonal planes
[16]. Dynamic 3D-CEUS is employed more often in the
observation of the spatial morphology of the tumor and its
relationship with the surrounding large vessels than in the
clinical evaluation of HCC ablation response [17].

The purpose of our current study is to investigate the
diagnostic performance of dynamic 3D-CEUS compared
with 2D-CEUS in the assessment of therapeutic response of
HCC treated with RFA.The influence of 3D-CEUS on clinical
outcome was also evaluated.

2. Patients and Methods

2.1. Patients. Over the periods of July 2016 to October 2017,
a total of 42 HCC patients underwent RFA were involved
in this study. The target lesion was defined as the only or
biggest lesion of each patient. The patients’ age ranged from
24 to 71 years (Mean 52.1 ± 13.1 years). The size of target
HCC lesions ranged from 14 to 48mm (Mean 28.4 ± 9.9mm).
The HCC lesions were diagnosed by histological (biopsy or
operation) (31 cases), CE-CT (2 cases), and CE-MR imaging
(9 cases) results before any treatment. Baseline characteristics
of 42 patients were shown in Table 1. All patients underwent
RFA treatment after full diagnosis. At 1 month after RFA
procedure, CE-MR and CEUS (both 2D-CEUS and 3D-
CEUS) were performed to predict the therapeutic response.
The patients would be advised to add another procedure of
RFA in case that there was a definite evidence of residual
tumor on MR images.

Inclusion criteria comprised the following: patients with
single lesion of size no more than 50mm or with up to
3 lesions of size no more than 30mm; informed consent
before ablation; and the quality of 3D-CEUS images meets
the requirements of diagnosis.

Exclusion criteria were as follows: patients with con-
traindications according to the guidelines of the European
Federation of Societies for Ultrasound in Medicine and
Biology (EFSUMB) [18, 19]. Patients’ inability to tolerate

Table 1: Baseline characteristics of 42 patients with 42 HCC lesions
in our study.

Characteristic Value (n = 42 patients)
Male/female 31/11
Age (y)

Mean ± standard deviation 52.1 ± 13.1
Range 24 - 71

Diagnosis
Histological result 31
CE-CT 2
CE-MR 9

Number of HCC lesions
Solitary 28
Multiple 14

Size of the target lesions (mm)
Mean ± standard deviation 28.4 ± 9.9
Range 14 - 48

Liver disease
Liver cirrhosis 38
Chronic liver disease 4

CE-MR or dynamic 3D-CEUS examination; and receiving
other local tumor therapies between two examinations.

2.2. 2D-CEUS. All target lesions were evaluated by 2D-
CEUS firstly and then evaluated by dynamic 3D-CEUS. Two
experienced radiologists (more than 10 years of CEUS of the
liver), who were aware of the patients’ clinical histories,
performed 2D-CEUS scanning by an Aplio500 ultrasound
system (Toshiba, Otawara, Japan), provided with a 3.5MHz
(center-frequency) PVT-375BT convex array probe and con-
trast harmonic imaging (CHI) software. The ultrasound
contrast agent used in the present study was sulfur hexaflu-
oride (SonoVue, Bracco, Milan, Italy), which was injected
intravenously as a 2.4mL bolus followed by 5mL of normal
sterile saline flush using a 20-Gauge peripheral intravenous
cannula. A very low mechanical index (MI), ranging from
0.05 to 0.08, was used for real-time imaging.

2.3. 3D-CEUS. After carefully determined the position and
orientation of the probe contacted after 2D-CEUS, 3D-CEUS
was performed in the same session with an interval time of
at least 15min. Dynamic 3D-CEUS was performed by the
same ultrasound unit provided with a volumetric mechanical
3.5MHz (central frequency) PVT-382 MV convex array
probe and CHI software. SonoVue was then injected intra-
venously as a 2.4mL bolus followed by 5mL of normal sterile
saline flush. The “4D” and “contrast” scanning mode were
started in succession when the lesion was displayed definitely
and clearly. The imaging window and transducer orientation
were optimized tominimize out-of-plane motion. MI was set
in the range of 0.10-0.14. Raw data of more than 3min was
stored for postprocedure analysis and the major observation
period was focused on the first 1min. During dynamic 3D-
CEUS acquisition process, the probe was kept stable in
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the scanning area. Patients were instructed to keep quiet
breathing during imaging process to reduce interference of
great respiratory motion.

2.4. Imaging Analysis. Volumes of 3D-CEUS were stored in
raw data format and reviewed using the built-in proprietary
software (CHI-Q,Version 5.01, Toshiba, Japan).Dynamic 3D-
CEUS images can be postprocessed by rotation, adjustment of
the contrast ratio, etc. The “multislice” display mode allows
multisection observation from arbitrary orientation of the
3D dynamic images. The function of “inversion” can be
used to investigate the shape of perfusion defect area. Two
experienced readers were also asked to report (both 2D-
CEUS and dynamic 3D-CEUS) independently: (1) complete
response (CR): the absence of any nodular arterially enhanc-
ing portion within or at the margin of treated HCC; (2)
residual tumor (RT): any nodular arterially hyperenhanced
area within or along the edge of a treated HCC indicated
incomplete ablation [16, 20–22]. The presence of a uniform
and thin (4-5 to 7-8mm thick) peripheral rim of contrast
enhancement surrounding the treated zone was regarded
as benign reactive hyperemia on CEUS [20], while if there
existed divergence on either 2D-CEUS or 3D-CEUS dynamic
images, the images would be discussed until agreement was
reached.

Clinical assessment and laboratory data were also applied
to confirm the diagnosis in case the imaging results con-
tradicted one another. As to RT, dynamic 3D-CEUS can
obtain the residual area on the 3 orthogonal planes at peak
enhancement and the ratio of the volume of residual area to
the whole lesion can also be calculated.

2.4.1. Reference Standard-MR Imaging (SOR). MR images are
considered the most accurate modality for tumor response
assessment following liver thermal ablation and early detec-
tion of RT. Enhanced MR imaging was performed on
1.5T clinical MR imaging unit (Magnetom Aera; Siemens,
Erlangen, Germany) during 3 days before and after CEUS.
MR contrast agent, gadopentetate dimeglumine (Magnevist,
Bayer Schering Pharma), was injected intravenously. The
area, which presented typical hyperperfusion in the arterial
phasewithin or along themargin, was regarded as RT. CRwas
considered without any enhancement within or at the margin
of the ablative zone.

After RFA treatment, CE-MR scans were performed at an
interval no more than 3 days of 2D-CEUS and 3D-CEUS.
Diagnostic criteria for complete treatment at MR imaging
were the absence of any enhancing portion within or at the
margin of the ablative zone during the hepatic arterial phase,
as previously reported [23]. Diagnostic criteria for residual
viable tumoral tissue at CE-MR imaging were any nodular
arterially enhancing area within or along the margin of the
treated HCC [21].

2.5. Statistical Analysis. On the basis of SOR findings,
detailed lesion-by-lesion analysis was performed and sensi-
tivity and specificity (diagnostic performance) for 3D-CEUS
were calculated. The statistical significance of the difference

between 2D-CEUS and 3D-CEUS in the assessment of RFA
therapeutic response of HCCwas tested by two-tailed McNe-
mar’s test with the continuity correction. Kappa value was
used to check their consistency. The diagnostic performance,
including sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and accuracy with
95% CI for 2D-CEUS, and the combination of 2D-CEUS
and 3D-CEUS, was calculated by Fisher’s exact test. Statistical
significance was considered to be present at a P < 0.05.

2.6. Institutional Board Approval. This prospective study was
approved by the institutional review board of our institution.
Informed consent was waived before 3D-CEUS examination.
The procedure followed was in accordance with the Declara-
tion of Helsinki.

3. Results

No adverse events have been registered in our patients during
or immediately after injection of contrast agent.

Dynamic 3D-CEUS of the ablative zone was acquired in
all cases. Among which, the valid adoption rate of 3D-CEUS
was achieved in 34 HCC lesions (81.0%, 34/42). Eight HCC
lesions displayed not clear enough 3D-CEUS images and, as
a result, their dynamic 3D data were not used to assess the
therapeutic response. The reasons why they had poor display
quality were as follows: 3 lesions were located along with
the diaphragm, 3 lesions were at a depth about 100-120mm
from the probe surface, and 2 patients breathed too rapidly.
During the brief arterial phase, 3D-CEUS failed to capture
the enhancement of these lesions as a whole. A poor display
contributed to lack of confidence in the judgment of RT.

3.1. Evaluation of Complete Response. By SOR, 78.6% (33/42)
HCC lesions after RFA (size range: 14-45mm; mean size
27.1 ± 10.2mm) were confirmed as CR, while 21.4% (9/42)
lesions (size range: 18-48mm;mean size 32.0 ± 9.9mm) were
documented as RT (Figure 1). CR was observed on both 2D-
CEUS and 3D-CEUS in 25/42 (59.5%)HCC (Figure 2) andRT
in 6/42 (14.3%)HCC lesions. In 5/42 (11.9%)HCC lesions, CR
was observed on 2D-CEUS but was not definitely determined
on 3D-CEUS.

3.2. Detection and Contrast Enhancement of RT Areas. An
arterial nodular hyperenhanced pattern was observed in 3
HCC lesions (3/42, 7.1%) both on 2D-CEUS and on 3D-
CEUS; 3 HCC lesions were (3/42, 7.1%) only on 3D-CEUS
while not on 2D-CEUS images; and 3 HCC lesions were
(3/42, 7.1%) only on 2D-CEUS images while not successfully
displayed on 3D-CEUS images. All the 9 lesions (9/42, 21.4%)
were regarded as RT proven by SOR and treated immediately.

A thin rim enhanced pattern was observed in 7 HCC
lesions both on 2D-CEUS and on 3D-CEUS images, whereas
a rough rim pattern was observed in 3 HCC lesions. The
former was regarded as CR and the latter suspected RT by
CEUS; however, all the 10 lesions were diagnosed as CR by
SOR for perfusion defects on MR images (Table 2).
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(a) (b)

(c) (d)

(e) (f)

Figure 1: Residual tumor after radiofrequency ablation (RFA). Conventional ultrasound image in a 65-year-old man showed a 45 mm sized
homogeneous hypoechoic lesion in the right hepatic lobe. No color signal can be detected inside the lesion by color Doppler flow imaging
(CDFI) (a). There was a small enhanced area along the border of the lesion on dynamic 3D-CEUS (right) other than 2D-CEUS (left) images
(b). Contrast MR imaging showed confirmed RT inside the lesion with local enhancement (c). The “multislice” display mode showed the
RT area on several slices of 3D-CEUS image (d). The contour of the whole lesion was depicted manually and its corresponding volume was
calculated automatically (e). The volume of the 3 nodular RT area can also be calculated.The residual proportion added up to 13.4% (f).

The enhanced volume and the whole lesion volume of
the RT lesion determined by 3D-CEUS were contoured on
the plane, and the ratio of enhanced area to the whole
lesion was calculated. It showed that residual proportion was
10.0% ± 4.5% (range: 4.6%-15.9%) (Figure 1).

3.3. 2D-CEUS vs 3D-CEUS. The posterior border of the le-
sions (11.9%, 5/42) cannot be demonstrated on 2D-CEUS
in the case of presence of attenuation due to RFA treat-
ment, whereas it can be replenished on dynamic 3D-CEUS
(Figure 3). Due to the particular advantage of 3D-CEUS, a

nodular RT area was observed in 1 lesion on 3D-CEUS while
not on 2D-CEUS images in our study.

For 34 HCC lesions evaluated by both 2D-CEUS and 3D-
CEUS, 3D-CEUS and 2D-CEUS provided the same diagnosis
in 91.2% (31/34) cases, showing excellent intermodality agree-
ment. There was not any statistically significant difference
between conventional 2D-CEUS and 3D-CEUS in depicting
either CR or RT (P = 0.25).They had a good consistency (𝜅 =
0.75).

3.4. Diagnostic Efficacy of 2D-CEUS Combined with 3D-
CEUS. In 3/42 (7.1%)HCC, RT was documented by SOR and
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Figure 2: Complete response after RFA. B mode ultrasound image in a 65-year-old man showed a 25 mm sized inhomogeneous hypoechoic
lesion in the right hepatic lobe (a). 2D-CEUS showed the nonenhanced necrotic area was larger than the target lesion (b). The contour of the
ablative zone was depictedmanually and its volume was 5.88ml (c). “Inversion”mode showed the nonenhanced area on 3D-CEUS image (d).

Table 2: Contrast appearances of 42 HCC lesions observed by two modalities of CEUS and the corresponding SOR results.

Contrast enhancement pattern Number of lesions
RT confirmed by SOR 9

Nodular enhance pattern(RT)
Observed on 2D-CEUS alone (not successfully displayed on 3D-CEUS) 3
Observed on 3D-CEUS alone (not observed on 2D-CEUS) 3
Observed on both 2D-CEUS and 3D-CEUS 3

CR confirmed by SOR 33
Rim enhanced pattern (CR)

Thin (observed on both 2D-CEUS and 3D-CEUS) 7
Rough (observed on both 2D-CEUS and 3D-CEUS) 3

Without enhancement(CR)
Observed on both 2D-CEUS and 3D-CEUS 18
Observed on 2D-CEUS alone (not definite determined on 3D-CEUS) 5

CEUS: contrast-enhanced ultrasound; SOR: standard of reference; RT: residual tumor; CR: complete response.

3D-CEUS, but it was not appreciable at 2D-CEUS. In 3/42
(7.1%) HCC, the presence of peripheral RT was suspected by
both 2D-CEUS and 3D-CEUS, but it was not confirmed by
SOR.

On a lesion-by-lesion basis, sensitivity, specificity, posi-
tive and negative predictive values, and accuracy of 2D-CEUS
were 66.7% (95%CI 0.299-0.925),90.9% (95%CI 0.757-0.981),
66.7% (95%CI 0.299-0.925), 90.9% (95%CI 0.756-0.981), and
85.7% respectively. The corresponding indexes of the combi-
nation of 2D-CEUS and 3D-CEUS were 100% (95%CI 0.541-
1.000), 91.7% (95%CI 0.775-0.983), 66.7% (95%CI 0.299-
0.925), 100% (95%CI 0.894-1.000), and 92.9% (Table 3).

4. Discussion

Due to recent advances in RFA and its use for therapeutic
indications, the commonly used RECIST [3, 4, 24] criteria
based on the size of HCC lesions do not fulfil the require-
ments for functional assessment of tumor response, and new
imaging modalities are needed [25].

4.1. Comparison between 2D-CEUS and 3D-CEUS. The
changes of the vascularization ofHCCcould be interpreted as
a response to a certain therapy [26]. According to the current
EFSUMB guidelines, dynamic CEUS examinations should
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(a) (b)

Figure 3: Presence of attenuation due to RFA treatment. B mode ultrasound image in a 71-year-old man showed a 25 mm sized lesion treated
by RFA in the right lobe of the liver. It had posterior attenuation caused by scars or necrosis (a). Its posterior border cannot be demonstrated
by 2D-CEUS (left), whereas it can be shown on dynamic 3D-CEUS.The relationship of the lesion and the posterior adjacent large vessels can
also be shown (b).

Table 3: Comparison of the diagnostic efficacy of 2D-CEUS and 2D-CEUS combined with 3D-CEUS.

Diagnostic performance 2D-CEUS 2D-CEUS + 3D-CEUS
Sensitivity 6/9 (66.7 %) 6/6 (100 %)
Specificity 30/33 (90.9 %) 33/36 (91.7 %)
PPV 6/9 (66.7 %) 6/9 (66.7 %)
NPV 30/33 (90.9 %) 33/33 (100 %)
Accuracy 36/42 (85.7 %) 39/42(92.9 %)
2D-CEUS: two-dimensional contrast-enhanced ultrasound; 3D-CEUS: three-dimensional contrast-enhanced ultrasound; PPV: positive predictive value; NPV:
negative predictive value.

ideally be reproducible irrespective of the ultrasound equip-
ment, data acquisition, and analysis software used [18, 19].The
advantages of CEUS include a good safety profile, simplicity,
patient tolerance, lack of ionizing radiation, and real-time
multiplanar imaging capability [18, 19]. Previously, in the
case of percutaneous therapies of malignant liver tumors,
CEUS enables the assessment of tumor microvascularization
(particularly arterial hypervascularization) between treat-
ments [27]. This may contribute to an improved therapeutic
monitoring in locoregional treatments [28]. Other results
illustrated the dependence of 2D-CEUS imaging on operator’
accuracy because the operator has to find the exact same 2D
plane to accurately monitor longitudinal perfusion changes,
which is not possible in clinical practice [29–31].

As shown in our result, 3D-CEUS can reduce false posi-
tive rate, as dynamic 3D-CEUS images have the advantages
of showing enhanced images in 3D plane and providing
more detailed spatial information compared with the 2D-
CEUS images. In comparison to conventional 2D-CEUS, 3D-
CEUS could objectively depict tumor vascularity and intratu-
moral perfusion by reconstructing stereoscopic images [32].
The capability of clearly display the posterior information
of the target lesions with posterior attenuation is another
remarkable advantage of dynamic 3D-CEUS, as shown in
Figure 3. Luo et al. found that 3D-CEUS was useful in the
evaluation and characterization of vascular patterns of focal
liver tumors [33]. Xu et al. described the advantages of 3D-
CEUS in the evaluation of 51 lesions in 51 patients with
liver cancer who underwent local therapies and found that

3D-CEUSnot only enhanced the diagnostic confidence in the
majority of the patients but also changed the management of
some patients [34]. Depending on expertise of operators, not
all RT areas can be observed on 2D-CEUS images in such
a short arterial phase and 3D-CEUS can make up for the
deficiency to some extent, especially for nodular enhanced
RT, as shown in Figure 1. Combined with dynamic 3D-
CEUS, CEUS produced satisfactory results for the evaluation
of treatment response in HCC patients after RFA therapies.
3D-CEUS imaging could more accurately measure tumor
perfusion for the entire target lesion, which is critically
needed for long-term monitoring of treatment response in
HCCs.

4.2. 3D-CEUS Enhancement Pattern of Residual HCC Lesion
after RFA. Dynamic 3D-CEUS is equipped with new kinetic
imaging capability and can continuously display dynamic
perfusion process in the tumor depend on postacquisition
reconstruction. This modality is particularly valuable for
illustrating the tumor enhancement kinetics during the
arterial phase. In our study, most of residual HCC lesions
after RFA appeared as irregular hyperenhanced nodules of
the lesions during the arterial phase, which also showed
hypoenhancement during the portal venous and late phase
on dynamic 3D-CEUS images.The stereoscopic visualization
of residual HCCmorphology is most obvious during arterial
phase. However, the false positive rate will occur in case the
rough rim enhancement would be mistaken as the overlap
of inflammatory zone and nodular residual HCC on both
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2D-CEUS and 3D-CEUS. Rough rim enhanced pattern is
quite equivocal and, as a matter, the 3 lesions that showed this
pattern were classified CR at SOR.The result suggests that the
rim enhancement pattern might be a source of misdiagnosis
and its clinical significance should be questioned.

Dynamic 3D-CEUS is superior to 2D-CEUS in display-
ing the spatial relationship of HCCs and their vascularity
patterns and simultaneous imaging of HCC perfusion and
anatomic features [35]. Dynamic 3D-CEUS can be shown
in “multislice” displaying mode, which can help display RT
alongside the border of the HCC lesions. It can display the
size and shape of RT by depicting its enhanced contour and
obtain the ratio of RT to the whole lesion in order to guide
further treatment. It also allows observation on the ROI
fromdifferent perspective as well as volume reconstruction to
display stereoscopic morphology of the structure of interest.
Dynamic 3D-CEUS has revealed more details of the bound-
ary and RT area of HCC.

5. Limitation

The obvious limitation of dynamic 3D-CEUS is that the
lesions at remote location are not suitable to be evaluated. It
is difficult for 3D-CEUS to capture the enhancement of RT in
such a relative short arterial phase in the case the lesion is in
low displaying quality. However, 2D-CEUS has the advantage
in displaying the lesions located in deep or marginal area. In
view of this, dynamic 3D-CEUS is currently unable to replace
the role of 2D-CEUS in therapeutic response evaluation
of HCC. A current limitation was found to be the lack
of TIC and quantitative indexes analysis, which might be
more sensitive in evaluating early treatment response. More
studies are needed to evaluate whether dynamic 3D-CEUS
quantitative analysis could monitor RFA therapy in HCC
lesions. Another major limitation of CEUS imaging is the
respiratorymotion.As proposed in the current study, keeping
quiet breathing during imaging process is probably a good
alternative.

6. Conclusion

It is feasible to use dynamic 3D-CEUS as an assistance to
2D-CEUS to evaluate early response and monitor therapy
response of RFA in HCC patients. The combination of 2D-
CEUS and 3D-CEUS might have potential to be applied
as an alternative to CE-MR imaging in clinical follow-up
assessment after RFA treatment in HCC patients.
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changes in hepatocellular carcinoma after the administration of



8 BioMed Research International

thalidomide assessed by reperfusion kinetics during microbub-
ble infusion: Preliminary results,” Investigative Radiology, vol.
41, no. 1, pp. 15–21, 2006.

[15] N. Lassau, S. Koscielny, L. Chami et al., “Advanced hepa-
tocellular carcinoma: early evaluation of response to beva-
cizumab therapy at dynamic contrast-enhanced us with
quantification—preliminary results,” Radiology, vol. 258, no. 1,
pp. 291–300, 2011.

[16] W. Luo, K. Numata, M. Morimoto et al., “Role of Sonazoid-
enhanced three-dimensional ultrasonography in the evaluation
of percutaneous radiofrequency ablation of hepatocellular car-
cinoma,” European Journal of Radiology, vol. 75, no. 1, pp. 91–97,
2010.

[17] T. V. Bartolotta, A. Taibbi, D. Matranga, M. Midiri, and R.
Lagalla, “3D versus 2D contrast-enhanced sonography in the
evaluation of therapeutic response of hepatocellular carcinoma
after locoregional therapies: preliminary findings,” La Radiolo-
gia Medica, vol. 120, no. 8, pp. 695–704, 2015.

[18] M. Claudon, C. F. Dietrich, B. I. Choi et al., “Guidelines and
good clinical practice recommendations for contrast enhanced
ultrasound (CEUS) in the liver—update 2012: a WFUMB-
EFSUMB initiative in cooperation with representatives of
AFSUMB, AIUM, ASUM, FLAUS and ICUS,” Ultrasound in
Medicine & Biology, vol. 39, no. 2, pp. 187–210, 2013.

[19] C. Dietrich, “The EFSUMB and WFUMB Guidelines and Rec-
ommendations on the Clinical Practice of Contrast Enhanced
Ultrasound (CEUS). Update 2011 on Hepatic (EFSUMB and
WFUMB) and Non-hepatic Applications (EFSUMB),” Ultra-
schall Med, vol. 34, pp. 11–29, 2013.

[20] T. V. Bartolotta, A. Taibbi, M. Midiri, and M. De Maria, “Hep-
atocellular cancer response to radiofrequency tumor ablation:
Contrast-enhanced ultrasound,” Abdominal Imaging, vol. 33,
no. 5, pp. 501–511, 2008.

[21] V. Yaghmai, C. Besa, E. Kim, J. L. Gatlin, N. A. Siddiqui, and
B. Taouli, “Imaging assessment of hepatocellular carcinoma
response to locoregional and systemic therapy,” American Jour-
nal of Roentgenology, vol. 201, no. 1, pp. 80–96, 2013.

[22] O.Catalano,R. Lobianco,M.Esposito, andA. Siani, “Hepatocel-
lular carcinoma recurrence after percutaneous ablation therapy:
Helical CTpatterns,”Abdominal Imaging, vol. 26, no. 4, pp. 375–
383, 2001.

[23] P. Limanond, P. Zimmerman, S. S. Raman, B. M. Kadell, and
D. S. K. Lu, “Interpretation of CT and MRI after Radiofre-
quency Ablation of Hepatic Malignancies,”American Journal of
Roentgenology, vol. 181, no. 6, pp. 1635–1640, 2003.

[24] J. K. Heimbach, L. M. Kulik, R. S. Finn et al., “AASLDguidelines
for the treatment of hepatocellular carcinoma,”Hepatology, vol.
67, no. 1, pp. 358–380, 2018.

[25] R. S. Benjamin, H. Choi, H. A. Macapinlac et al., “We should
desist using RECIST, at least in GIST,” Journal of Clinical
Oncology, vol. 25, no. 13, pp. 1760–1764, 2007.

[26] N. Lassau, M. Lamuraglia, L. Chami et al., “Gastrointestinal
stromal tumors treated with imatinib: Monitoring response
with contrast-enhanced sonography,” American Journal of
Roentgenology, vol. 187, no. 5, pp. 1267–1273, 2006.

[27] P. Wiggermann, W. A. Wohlgemuth, M. Heibl et al., “Dynamic
evaluation and quantification of microvascularization during
degradable starch microspheres transarterial Chemoembolisa-
tion (DSM-TACE) of HCC lesions using contrast enhanced
ultrasound (CEUS): A feasibility study,” Clinical Hemorheology
and Microcirculation, vol. 53, no. 4, pp. 337–348, 2013.

[28] D. A. Clevert, M. D’Anastasi, and E. M. Jung, “Contrast-
enhanced ultrasound and microcirculation: efficiency through
dynamics–current developments,” Clinical Hemorheology and
Microcirculation, vol. 53, pp. 171–186, 2013.

[29] K. Hoyt, A. Sorace, and R. Saini, “Quantitative mapping of
tumor vascularity using volumetric contrast-enhanced ultra-
sound.,” Investigative Radiology, vol. 47, no. 3, pp. 167–174, 2012.

[30] S. Feingold, R. Gessner, I. M. Guracar, and P. A. Dayton, “Quan-
titative volumetric perfusion mapping of the microvasculature
using contrast ultrasound,” Investigative Radiology, vol. 45, no.
10, pp. 669–674, 2010.

[31] M. R.Meijerink, J. H. T.M. vanWaesberghe, C. van Schaik et al.,
“Perfusion CT and US of Colorectal Cancer Liver Metastases:
A Correlative Study of Two Dynamic Imaging Modalities,”
Ultrasound inMedicine & Biology, vol. 36, no. 10, pp. 1626–1636,
2010.

[32] H.-X. Xu,M.-D. Lu, X.-H. Xie et al., “Treatment response evalu-
ationwith three-dimensional contrast-enhanced ultrasound for
liver cancer after local therapies,”European Journal of Radiology,
vol. 76, no. 1, pp. 81–88, 2010.

[33] W. Luo, K. Numata, M. Morimoto et al., “Three-dimensional
contrast-enhanced sonography of vascular patterns of focal
liver tumors: Pilot study of visualization methods,” American
Journal of Roentgenology, vol. 192, no. 1, pp. 165–173, 2009.

[34] H.-X. Xu, M.-D. Lu, X.-H. Xie et al., “Three-dimensional
contrast-enhanced ultrasound of the liver: Experience of 92
cases,” Ultrasonics, vol. 49, no. 3, pp. 377–385, 2009.

[35] F.-J. Dong, J.-F. Xu, D. Du et al., “3D analysis is superior to
2D analysis for contrast-enhanced ultrasound in revealing
vascularity in focal liver lesions - A retrospective analysis of 83
cases,” Ultrasonics, vol. 70, pp. 221–226, 2016.


