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Ultrasound (US) plays a pivotal role in the recognition of 
hepatocellular carcinoma (HCC) in cirrhosis (1). HCC 
represents the sixth most common malignancy and the 
fourth most frequent cause of cancer-related death in the 
world (2). Since the early 1980s, the US has described 
the fundamental findings of the HCC nodules appearing 
in a cirrhotic liver and significantly contributed to the 
knowledge of the natural history of this malignancy (3). 
Subsequently, conventional US has been the unique tool 
recognized for surveillance of the appearance of HCC 
nodules in cirrhosis (4). Today, all scientific Societies for the 
study of liver disease endorsed bi-annual US as a sensitive 
tool for surveillance (5-10). At the end of 1990s, availability of 
new US contrast agents represented a true revolution in the 
field of diagnostic US [also see its treatment application (11)]. 
Contrast-enhanced ultrasound (CEUS) can be considered a 
real revolution in the setting of dynamic imaging modalities 
for liver malignancies (12,13). Like contrast-enhanced 
computed tomography (CECT) and contrast-enhanced 
magnetic resonance imaging (CEMRI), CEUS is a dynamic 
technique able to show rapidly, non-invasively and—most 
importantly—in real-time the hepatic vasculature. CEUS 
allows the study of the different phases (arterial, portal 
and late phase) of blood supply of focal liver lesions and 
especially of HCC lesions that can be easily characterized 

(12-14). There are two main US contrast agents on the 
market: the sulphur-hexafluoride (SonoVue, Bracco 
Imaging Italia, Milan, Italy) and perfluorobutane (Sonazoid, 
Daiichi-Sankyo, Tokyo, Japan; GE Healthcare, Milwaukee, 
WI, USA) (12-15). SonoVue is a pure bloodstream agent; it 
is widely distributed in Western and Asian countries and has 
also recently been approved by FDA in USA (16). Sonazoid 
is available in Japan, South Korea, Denmark, Norway and 
was recently approved in China (17). Unlike SonoVue, gas-
containing microbubbles of Sonazoid has the advantage 
to allow very stable Kupffer phase imaging for at least  
60 minutes in addition to vascular phase imaging (17-19).  
Sonazoid is phagocytized by the Kupffer cells, which are 
liver-specific macrophages, amplifying US scattering to 
generate amplified sound waves (18,19). Thus HCC nodules 
that have markedly fewer or absent Kupffer cells show a 
signal defect on US images obtained during the Kupffer 
phase, appearing hypovascular in this phase (19).

CEUS offers a great advantage in clinical practice: 
during surveillance of HCC, if a new nodule is detected 
on conventional US, physicians can immediately perform 
CEUS of the new nodule and characterize this nodule if 
it is a HCC, so to shorten the diagnostic and therapeutic 
work up (20,21). Unfortunately, by using SonoVue, this 
approach does not allow the detection of further HCC 
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nodules: due to the short duration of the arterial phase 
(10–30 seconds), only one nodule can be studied at a  
time (19). Instead, the use of Sonazoid that allows a long-
term study (up to 60 minutes) either of the vascular and 
Kupffer phases, allows such possibility (18). Since the 
HCC nodules do not contain Kupffer cells, they appear 
hypovascular in this phase and therefore new nodules can be 
detected over time (18). Therefore, the possibility of adding 
CEUS using Sonazoid immediately after conventional 
US in order to increase detection of new nodules during 
surveillance could be highly desirable in clinical practice.

The study of Park and colleagues recently appeared on 
Radiology addresses this issue (15). On the basis of above-
mentioned characteristics of Sonazoid, these authors 
“hypothesized that the detection rate of early-stage HCC (BCLC 
stage 0 or A) could be improved with fewer false referrals by 
adding perfluorobutane enhanced US to conventional US” (15). 
Park and coworkers carried out a prospective multi-center 
diagnostic trial on 524 consecutive participants enrolled 
from October 2014 to August 2016 at five tertiary referral 
Hospitals in Korea. All participants had cirrhosis and 
underwent conventional US for surveillance. Participants 
had a mean age of 54 years and were predominantly male. 
The cirrhosis was mainly hepatitis B virus-related (HBV-
related) (94.1% of cases) and most of the participants were 
or had been treated with antiviral treatment (69.7%). 

Fifty-seven percent of 56.7% of participants had child A 
cirrhosis and most of them had an albumin-bilirubin score 
grade 1. The mean body mass index was 24.1. Diagnosis of 
HCC was made either with pathologic analysis and CECT  
and/or CEMRI using gadoxetic acid as contrast medium. 
The primary end points of the study were the detection rate 
of early-stage HCC according to the Barcelona clinic liver 
cancer (BCLC) staging system and false referral rate.

After the conventional US, all participants immediately 
underwent CEUS using Sonazoid. When a suspected 
HCC was observed, a Kupffer phase US was subsequently 
performed for the focal lesion and for the remaining liver 
parenchyma. When no suspected HCC was detected with 
conventional US, a Kupffer phase US was immediately 
performed for the evaluation of the entire liver. If an 
additional focal lesion was detected during the Kupffer 
phase, vascular phase US was once again performed for 
the additional lesion via re-administration of Sonazoid. 
In case there was no nodule suspected for HCC on either 
conventional US or Kupffer phase, the examination was 
completed without vascular phase. Results of the trial 
showed that there was no improvement in the detection 
rate of early-stage HCC by adding CEUS with Sonazoid to 
conventional US. In fact, the detection rate of early-stage 
HCC with conventional US was 0.8% [4/524; accuracy 
=95.2%; 95% confidence  interval (95% CI), 93.0–96.9%] 

Table 1 Comparative diagnostic accuracy of B-US and P-US in HCC detection and referral rate

End points
Early stage HCC [95% CI] Any stage HCC [95% CI]

B-US P-US B-US P-US

Detection rate HCC (%)

Sensitivity 66.7 [22–96] 100.0 [54–100] 75.0 [35–97] 100.0 [63–100]

Specificity 95.6 [93–97] 95.6 [93–97] 96.0 [94–97] 99.2 [98–100]

Positive predictive value 14.8 [8–26] 20.7 [15–28] 22.2 [14–34] 66.7 [43–84]

Negative predictive value 99.6 [99–100] 100.0 99.6 [99–100] 100.0

Accuracy 95.2 [93.0–96.9] 95.6 [93.5–97.2] 95.6 [94–97] 99.2 [98–100]

False referral rate HCC (%)

Sensitivity 66.7 [22–96] 100.0 [54–100]

Specificity 95.6 [93–97] 98.8 [98–100]

Positive predictive value 14.8 [8–26] 50.0 [31–68]

Negative predictive value 99.6 [99–100] 100.0

Accuracy 95.2 [93–97] 99.0 [98–100]

Data calculated from the original Park et al. US, ultrasound; B-US, B-mode US; P-US, Perfluorobutane-enhanced US; HCC, hepatocellular 
carcinoma; CI, confidence interval.
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and it was 1.1% (6/524; accuracy =95.6%; 95% CI, 
93.5–97.2%) when CEUS with Sonazoid was added. The 
false referral rate was significantly reduced by 3% (4/524 
vs. 6/524). Table 1 reports the diagnostic test evaluation 
according to the original data of Park and coworkers. 

The results of Park et al. inspired some criticism. Firstly, 
as said above, 94% of their participants have HBV related 
cirrhosis, therefore such results can only be applicable in a 
particular geographic area. Secondly, and not surprisingly, 
the number of new detected HCC was too low: 8 out of 524 
(1.5%) participants were diagnosed with HCC at any stage 
and only 6 out of 524 (1.1%) at early stage HCC. Authors 
themselves state that this was due to the antiviral treatment 
of most of the participants to the study. Maybe if they had 
found a higher number of nodules, the results could have 
been positive since they would have had the possibility to 
add the Sonazoid-CEUS to conventional US. Finally, we 
would have expected that, during a surveillance program, 
new detected nodules would be much less than 3 cm and 
not >3 cm (even up to 6.8 cm) as it happened in a relevant 
rate of cases in the study of Park and colleagues. This 
should be due to the fact that very small nodules were not 
seen at a very early stage or this was the consequence of the 
direct oncogenetic effect of HBV (22).

The study conducted by Park and colleagues (15), 
although reporting a negative result, has the merit of 
being the first to investigate whether adding Sonazoid to 
conventional US could be useful in the detection of new 
lesions in a cirrhotic liver during surveillance. There are 
two considerations that can be made on these results. On 
the one hand, the negative result for the Sonazoid, with all 
limits reported above, reduces the high hopes on adding 
CEUS to conventional US and the prospects of this tool 
to improve detection and even staging of the HCC, at 
least in the liver. Therefore, at least according to results 
of Park et al., CEUS, either using sulfur hexafluoride 
or perfluorobutane, remains a useful tool only for the 
characterization of HCC in cirrhosis. On the other hand, 
the sensitivity of conventional US (resulted in this study 
being 75.0% with an accuracy of 95.6%) is not questioned 
and it can continue to be used without fear of low sensitivity 
as is the case of liver metastases where the add of CEUS 
to conventional US dramatically improves the detection of 
further lesions, increasing CEUS sensitivity up to 40% (23). 
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