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Abstract
Contrast-enhanced ultrasound (CEUS) has become an established modality in various clinical indications for liver diseases. 
SonoVue®, a pure blood pure agent, and Sonazoid®, which exhibits an additional Kupffer phase, are contrast agents approved 
for liver imaging. This review discusses and compares the current clinical evidence for these two ultrasound contrast agents 
in the characterization and detection of focal liver lesions in the non-cirrhotic and cirrhotic liver, as well as for the use in 
interventional procedures such as liver biopsy guidance, and local ablation treatment monitoring. Reference is made to 
clinical studies which evaluated the accuracy of CEUS using a standard of reference, its safety, or to comparative studies 
of these two agents.
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Introduction

Ultrasound has proven to be a useful tool for liver disease 
diagnosis and treatment follow-up, due to its continuous 
real-time imaging capability, non-invasiveness, low cost 
compared to other imaging modalities, and bed-side conven-
ience[1–3]. The introduction of ultrasound contrast agents 
has significantly expanded the role of ultrasonography in the 
management of patients with liver disease, both for diag-
nosis and for treatment guidance and follow-up. Indeed, 

contrast-enhanced ultrasound (CEUS) in liver imaging has 
been used in the European and Asiatic countries for more 
than 10 years.

SonoVue® (Bracco Imaging SpA, Italy) and Sonazoid® 
(GE Healthcare Norway) are two second generation con-
trast agents approved for clinical use in CEUS of the liver in 
more than one country. SonoVue was first approved in 2001 
in 15 European countries, and is currently registered in 44 
countries, with global sales of over 1 million units in 2018, 
and has an extensive publication record [4–6]. Sonazoid was 
launched in Japan in 2007, and is currently registered in 4 
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countries, with sales of approximately 77,000 units in 2017 
[7]. SonoVue, as the other second generation contrast agents 
Definity and Optison, is a pure blood pool agent; Sonazoid 
exhibits an additional Kupffer phase [1]. Although a few 
studies have reported on the efficacy of Sonazoid-enhanced 
US compared to the use of SonoVue, a systematic analysis 
and comparison of the available evidence based on clini-
cal studies with these two contrast agents is lacking [8, 9]. 
Therefore, the aim of this review is to summarize the exist-
ing publications for CEUS of the liver using SonoVue and 
Sonazoid in the diagnosis of focal liver lesions (FLLs) and 
for CEUS guided liver interventions.

A dedicated literature search was conducted in PubMed up 
to April 2019 to identify original papers and meta-analyses for 
CEUS of the liver using SonoVue and/or Sonazoid. Selected 
were publications that used an independent standard of refer-
ence to assess the accuracy of these two agents. Identified 
indications were characterization or detection of FLLs in the 
non-cirrhotic or cirrhotic liver, and for CEUS guidance of 
liver interventions. Two papers were published later on during 
the preparation of the manuscript, a safety work on Sonazoid 
(71) in June 2019 (e-pub) and a multicenter study performed 
with Sonazoid for HCC surveillance published in September 
2019 (49), which were additionally included in this review.

References that focused on the safety of CEUS with these 
two agents were also reviewed. The results of this analysis 
were presented and discussed during a meeting that took 
place in Beijing on April 30th 2019, involving International 
and Chinese CEUS users with the aim of developing a con-
sensus of the value of CEUS of the liver with SonoVue and 
Sonazoid in the various indications. The discussion was 
based upon the clinical evidence on diagnostic performance, 
safety, patient management, and other practical concerns.

Materials and methods

This is a review paper therefore IRB approval was not 
required. A dedicated literature search was conducted in Pub-
Med to identify original papers and meta-analyses for CEUS 
of the liver using SonoVue and/or Sonazoid. Selected were 
publications that used an independent standard of reference 
to assess the accuracy of these two agents. Identified indica-
tions were characterization or detection of FLLs in the non-
cirrhotic or cirrhotic liver, and for CEUS guidance of liver 
interventions. References that focused on the safety of CEUS 
with these two agents were also reviewed. The results of this 
analysis were presented and discussed during a meeting that 
took place in Beijing on April 30th 2019, involving Interna-
tional and Chinese CEUS users with the aim of developing 
a consensus of the value of CEUS of the liver with SonoVue 
and Sonazoid in the various indications. The discussion was 

based upon the clinical evidence on diagnostic performance, 
safety, patient management, and other practical concerns.

Background information

SonoVue and Sonazoid microbubbles are second-generation 
ultrasound contrast agents, with greater stability than first-
generation agents [1]. SonoVue consists of a monolayer 
phospholipid shell encasing a core of inert sulfur hexafluor-
ide gas (SF6) [10]. The shell of Sonazoid is composed of 
hydrogenated egg phosphotidylserine (HEPS) with a per-
fluorobutane (PFB) core [11]. A summary of the character-
istics of each agent, including composition of the microbub-
bles, their distribution after injection, and technical imaging 
aspects, is presented in Table 1.

Following intravenous injection, SonoVue does not dif-
fuse into the extravascular space but remains in the blood 
vessels (with maximum concentrations occurring within 1 
to 2 min after a single administration) until SF6 dissolves 
in the blood and is rapidly eliminated with expired air [12]. 
The maximum concentration of Sonazoid in the blood is also 
observed shortly after its intravenous administration; elimi-
nation of PFB is also via the lungs [13]. Sonazoid microbub-
bles are phagocytosed by the Kupffer cells (starting approxi-
mately 1 min after administration) and remain stable in these 
resident macrophages in the liver sinusoids, thus providing 
prolonged enhancement of the liver parenchyma up to 2 h 
post-injection [13–16].

Due to the dual blood supply of the liver from the hepatic 
artery (25–30%) and the portal vein (70–75%), three phases 
of vascular enhancement can be observed in CEUS with 
SonoVue: the arterial phase that starts within 10–20 s and 
continues up to 45 s post-injection; the portal venous phase 
that is characterized by arrival of the contrast agent also 
through the portal system and lasts up to 2 min post-injec-
tion; and the late phase during which the microbubbles are 
progressively cleared from the liver parenchyma (up to 5 min 
post-injection) [1]. For Sonazoid, because of the Kupffer cell 
uptake starting approximately 1 min after administration, the 
observed enhancement after 1 min represents a combina-
tion of the vascular phase and the Kupffer phase [16]. The 
pure Kupffer phase (also called post-vascular phase) starts 
approximately 10 min post-injection, when the microbubbles 
have been eliminated from the blood pool, and lasts up to 2 
[16]. In order to avoid overlap with the prior vascular phases, 
scanning in the Kupffer phase should not start earlier than 10 
min from administration of Sonazoid [1]. A complete exami-
nation with SonoVue comprising all three vascular phases 
usually lasts less than 5 min; an examination with Sonazoid, 
because of the Kupffer phase, extends to more than 10 min. 
This difference in examination time between the two agents 
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might become even more pronounced in cases where a re-
injection of contrast agent would be required.

A low mechanical index (MI) technique is used in CEUS 
with second-generation contrast agents, affording continu-
ous real-time scanning that was not possible with first-gen-
eration agents [1]. Sonazoid may require the use of slightly 
higher mechanical index than SonoVue due to the higher 
stiffness of the shell [8]. Some authors have reported higher 
sensitivity using high mechanical index contrast modes 
(0.7–1.2) with Sonazoid compared to low mechanical index 
(0.21–0.23) in detecting Sonazoid microbubbles in normal 
liver parenchyma and in detecting hypervascular hepatocel-
lular carcinomas as perfusion defects in the Kupffer cell 
phase [17, 18].

The enhancement patterns observed in each vascular 
phase, in real time, lead to the identification and characteri-
zation of lesions in the cirrhotic and non-cirrhotic liver [1, 
19]. A complete description of characteristic lesion enhance-
ment patterns and current lexicon is beyond the scope of this 
paper, and the reader is referred to the Guidelines and Good 
Clinical Practice Recommendations for Contrast Enhanced 
Ultrasound (CEUS) in the Liver, and Contrast-enhanced 
ultrasound of the liver: technical and lexicon recommenda-
tions from the ACR CEUS LI-RADS working group [1, 20]. 
The ACR LI-RADS report released in 2017 includes only 
pure blood pool agents.

Clinical evidence

Focal liver lesion characterization

CEUS should be used for the characterization of FLLs when 
patients have incidental findings at unenhanced ultrasound, 
are at high risk for hepatocellular carcinoma, cannot undergo 
other imaging modalities for safety reasons (e.g., renal insuf-
ficiency), have indeterminate lesions or conflicting results 
from other imaging studies, or prior to certain interventional 

procedures [1, 19, 21, 22]. Continuous CEUS imaging with 
purely vascular agents in real time permits the assessment 
of characteristic early and late wash out enhancement pat-
terns [20]. The vast majority of clinical evidence for CEUS 
in FLL characterization comes from SonoVue, while much 
less is known for Sonazoid.

A meta-analysis by Friedrich-Rust et al. on contrast-
enhanced ultrasound for the differentiation of benign 
and malignant focal liver lesion included 35 papers with 
SonoVue out of a total of 45 publications. The 35 Sono-
Vue studies comprised a total of 7231 focal liver lesions, 
4221 of which were malignant. The pooled sensitivity was 
93% (range 91–95%) and the pooled specificity was 90% 
(88–93%). As described by the authors, this meta-analysis 
included studies on cirrhotic and non-cirrhotic patients, 
however, only studies evaluating more than one entity of 
FLLs were included to exclude a bias from patient selection 
[23].

The meta-analysis performed by Niu et al. on contrast-
enhanced ultrasonography for the diagnosis of small hepa-
tocellular carcinoma lesions (≤ 2 cm) included 15 publica-
tions, 12 of which presented data for SonoVue [24]. The 
12 SonoVue papers included a total of 778 patients (878 
lesions) and showed a pooled sensitivity of 84% (77–90%) 
and pooled specificity of 89% (81–94%).

A meta-analysis of the diagnosis value of focal liver 
lesions with SonoVue-enhanced ultrasound compared with 
contrast-enhanced computed tomography (CECT) and con-
trast-enhanced magnetic resonance imaging (CEMRI) was 
performed by Guang et al. [25] It included 10 SonoVue stud-
ies, 9 studies with CECT and 10 studies with CEMRI; 2646 
patients (2981 lesions) were included. Only studies evaluat-
ing more than one entity of focal liver lesions were included 
in the present study to exclude a bias from prior patient 
selection. However, these selection criteria may have caused 
a bias themselves, as the approach to focal liver lesions in 
cirrhotic and non-cirrhotic livers is different. Therefore, the 
results of the present meta-analysis will differ from results 

Table 1   Physical characteristics 
of SonoVue and Sonazoid, 
second-generation contrast 
agents available for contrast-
enhanced ultrasound imaging of 
the liver

DSPC 1,2-distearoyl-sn-glycero-3-phosphocholine, DPPG-Na 1,2-dipalmitoyl-sn-glycero-3-phospho-rac-
glycerol sodium
a Depending on ultrasound equipment used

Agent SonoVue (PI) Sonazoid (PI)

Gas Sulfurhexafluoride (SF6) Perfluorobutane (C4F10)
Shell composition Phospholipid monolayer (DSPC, 

DPPG-Na), palmitic acid (stabilizer)
Monolayer of phospholipids 

(Hydrogenated egg phosphatidyl 
serine Na)

Mechanical Index settingsa Low MI (< 0.1); soft shell Intermediate MI (≥ 0.2); stiff shell
Mean size 1.5–2.5 μm 2.3–2.9 μm
Distribution after injection Pure blood pool agent Blood pool effect + uptake (start-

ing ~ 1 min post-injection) by 
liver Kupffer cells
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performed in special patient groups (e.g., series of small 
focal liver lesions or cirrhosis).

The pooled sensitivity was 88% (87–90%), and the pooled 
specificity was 81% (79–84%) for SonoVue-enhanced ultra-
sound. Among the 3 techniques, SonoVue-enhanced ultra-
sound had the highest specificity, and CECT had the highest 
sensitivity (90%, (88–92%)); however, there was no signifi-
cant statistical difference between CECT or CEMRI and 
SonoVue-enhanced ultrasound.

In a guidance and systemic review of the literature from 
the National Institute for Health and Care Excellence (United 
Kingdom), the clinical effectiveness of CEUS with Sono-
Vue in the published literature for the characterization of 
FLLs identified either from routine monitoring of cirrhotic 
patients, or as incidental findings, was examined in compari-
son with CECT and/or CEMRI [26, 27]. A health economic 
analysis was also included. Seven of the published studies 
identified in the literature search were conducted in cirrhotic 
patients undergoing routine monitoring with unenhanced US 
and concerned the differentiation of hepatocellular carci-
noma (HCC) versus other lesion types in small to medium 
(< 30 mm) FLLs. There was no consistent evidence for any 
significant difference in test performance among CEUS, 
CECT and CEMRI; CEUS with SonoVue showed sensitiv-
ity and specificity values around 90% for characterization 
of FLLs 11–30 mm in size. The primary outcome measure 
in the published studies conducted in patients with FLLs 
incidentally detected at unenhanced US was differentiation 
between malignant and benign lesions. All studies reported 
no significant differences among the 3 imaging modalities. 
The pooled estimates of sensitivity for diagnosis of “any 
liver malignancy” were approximately 95% for both CEUS 
with SonoVue and CECT. The pooled estimates of specific-
ity were 94% and 93%, respectively. One study comparing 
CEUS with CEMRI found similar sensitivity and specificity 
values for both modalities. It was concluded that SonoVue 
CEUS could provide similar diagnostic performance to other 
imaging modalities (CECT and CEMRI) for the assessment 
of FLLs. Economic analyses indicated that CEUS was a 
cost-effective replacement for CEMRI. The use of CEUS 
instead of CECT was considered cost-effective in the sur-
veillance of cirrhosis and the characterization of incidentally 
detected FLLs, with similar costs and effects for the detec-
tion of liver metastases from CRC.

A Phase III study sponsored by GE Healthcare, compared 
the efficacy and safety of Sonazoid and SonoVue in patients 
with FLLs undergoing pre- and post-contrast ultrasound 
imaging; a total of 424 patients received either Sonazoid 
or SonoVue [9]. The study is not published at the time of 
submission of this manuscript and only summary results 
are available from the registry of clinical trials run by the 
United States National Library of Medicine (clinicaltrials.
gov NCT03335566) and from an abstract presented at the 

16th World Federation for Ultrasound in Medicine and Biol-
ogy Congress. The primary endpoint of the study was the 
percentage of patients with accuracy improvement in post-
contrast versus pre-contrast ultrasound for diagnosis of the 
liver target lesion as malignant or benign; histopathology, 
CECT, or CEMRI were the reference standard in the study. 
Ultrasound images, pre- and post-contrast, were evaluated by 
three blinded readers. Improvement in accuracy across the 
three readers ranged from 17 to 22.1% among patients who 
received Sonazoid and from 14.6 to 24.2% among those who 
received SonoVue. The improvement in accuracy was sta-
tistically significant for 1 reader with Sonazoid (p = 0.033), 
and 1 other reader for SonoVue (p = 0.012). The investiga-
tors concluded that Sonazoid and SonoVue were similar in 
diagnosing FLLs as benign or malignant.

A recently published study with a comparative parallel 
group design assessed the efficacy of Sonazoid and SonoVue 
in the characterization of FLL in 65 patients with at least 
one hepatic lesion [8]. Like the phase III study above, the 
primary objective was to test accuracy improvement com-
pared to unenhanced ultrasound, which was not significantly 
different for the two agents. The sensitivity for diagnosis 
of HCC, metastasis, hemangioma, FNH, or other benign 
lesions ranged between 83.3 and 100% for SonoVue and 
between 84.6 and 100% for Sonazoid; the lowest sensitivity 
was observed for HCCs with both contrast agents. Specifici-
ties ranged between 95% and 100% for both agents. It was 
concluded that the diagnostic value of Sonazoid is noninfe-
rior to that of SonoVue.

Results from both single study reports and meta-analyses 
in the peer-reviewed literature confirm the high sensitivity 
and specificity of SonoVue-enhanced ultrasonography for 
characterization of FLLs in adults; less evidence is available 
for Sonazoid. Sonazoid was presented as equivalent to Sono-
Vue for the determination of FLL malignancy when combin-
ing vascular and Kupffer phase in the above reported phase 
III study [8, 9]. The clinical evidence also confirms that all 
vascular phases are relevant to assess the typical patterns of 
vascular enhancement. Presence and timing of washout are 
relevant for differentiating benign from malignant lesion; 
furthermore, the differentiation of early versus late washout 
in the vascular phase adds in assessment for CCC and HCC 
diagnosis [19]. No clear added value of the Kupffer phase is 
documented thus far for the FLL characterization as benign 
vs malignant or for a specific lesion type characterization.

Focal Liver Lesion Detection

After initial assessment with unenhanced ultrasound, CEUS 
may be added to the ultrasound examination to aid in FLL 
detection to monitor treatment in oncology patients, routine 
surveillance in patients with chronic liver diseases or cir-
rhosis, or in pediatric patients where radiation exposure is 
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a concern [28–30]. New CEUS techniques (e.g., Cadence 
contrast specific imaging, Siemens, Erlangen, Germany) 
have also improved detection of microbubbles and extended 
examination duration for the late vascular phase. The devel-
opment of artificial intelligence tools could be of further 
help, especially for young, less experienced users.

Twelve published studies were identified that focused 
on detection of FLLs with SonoVue-enhanced ultrasound, 
involving a total of 873 patients. A range of 77.5%-100% 
was found for sensitivity and 76.7%-97.6% for specificity in 
the detection of FLLs vs. CT [31–42].

The assessment conducted by the National Institute for 
Health and Care Excellence in 2012 also included 4 pub-
lished studies comparing the performance of CEUS with 
SonoVue versus the performance of CECT or CEMRI for 
detection of liver metastases in patients with known primary 
cancer (colorectal cancer in most cases) [26]. There was 
no difference found in diagnostic performance among the 3 
imaging modalities. Per-patient and per-lesion estimates of 
sensitivity were generally high and above 83% for all imag-
ing modalities in all studies; in one study, sensitivity was 
greater than 95% for both CEUS and CECT. The data avail-
able indicate that SonoVue CEUS alone may be adequate 
to rule out liver metastases in people with known primary 
malignancies.

In a prospective Phase II clinical trial published by Cor-
reas et al., Sonazoid was used in a dose-testing analysis to 
determine the optimal dose for the detection of liver metas-
tases in patients with extra-hepatic malignancy vs. con-
trast-enhanced computed tomography (CECT) or contrast-
enhanced magnetic resonance imaging (CEMRI) [43]. The 
sensitivity and specificity of Sonazoid were 78% and 29%, 
respectively in the 41 patients who received a dose of 0.12 
µL/kg, which corresponds to the approved dose of the con-
trast agent for liver CEUS.

CEUS with Sonazoid was compared to CEMRI and 
CECT for the diagnosis of hepatocellular carcinoma (HCC) 
in a study from Alaboudy et al. [44] Thirty-two patients 
undergoing surgery and intra-operative contrast-enhanced 
ultrasound were included. The overall diagnostic sensitivity 
of CEUS, CECT, and CEMRI was comparable (72%, 74%, 
and 86%, respectively) and no significant difference among 
the modalities in the diagnosis of HCC was observed (p 
= 0.092). When combining the different imaging modali-
ties, the diagnostic sensitivity of CEUS + CEMRI was 90%, 
while addition of Sonazoid-enhanced US to CECT, and 
CECT to CE MRI had a sensitivity of 82 and 88%, respec-
tively. There was no significant difference between the three 
imaging combinations (p = 0.970).

Kunishi et al. evaluated the detection rate of HCC using 
CEUS with Sonazoid according to tumor size and typical 
or atypical vascular pattern of the lesion [45]. Eighty-seven 
HCCs with a maximum diameter between 1 and 3 cm were 

included. The overall detection rate of CEUS with Sona-
zoid was 83%, whereas the detection rate for HCCs with 
a maximum diameter of 1–2 cm was 80%. HCCs with a 
typical vascular pattern showed a detection rate of 99% 
(67/68), whereas HCCs with atypical enhancement pat-
tern had a detection of 26% (5/19). Fifteen of the 87 HCCs 
(17%) missed at CEUS with Sonazoid were isoechoic in the 
post-vascular phase and were regarded as not having been 
detected. These 15 lesions were pathologically diagnosed as 
well-differentiated HCC.

Goto et al. used Kupffer phase imaging (≥ 15 min post-
injection) with Sonazoid for the detection of HCC vs. unen-
hanced ultrasound, with CECT as the reference standard 
[46]. The detection sensitivity for unenhanced ultrasound 
was 84% for reader A and 85% for reader B. Sonazoid-
enhanced sensitivity was 73% for reader A and 83% for 
reader B. Unenhanced ultrasound specificity was 90% and 
95%, respectively; for Sonazoid specificity was 99% and 
98%, respectively. The authors reported that a significant 
proportion of false-negative nodules are hyperechoic in 
B-mode US, likely because echogenicity hampers visuali-
zation of the defect in Kupffer imaging. They concluded that 
Kupffer phase by CEUS with Sonazoid showed mediocre 
sensitivity for HCC detection.

HCC tumor vascularity by Sonazoid early vascular phase 
(10–30 s post-injection) and Kupffer phase imaging (≥ 10 
min post-injection), as compared to CECT, was evaluated 
by Mandai et al. in 92 newly diagnosed HCC nodules in 
88 patients [47]. Truth standard in this study were typical 
enhancement patterns in at least 2 imaging modalities or 
biopsy. Hyperenhancement at the early vascular phase of 
Sonazoid was demonstrated in 71 (77%) lesions including 
66 lesions that showed high density on the arterial phase of 
CT. The detection of tumors at the post-vascular phase of 
Sonazoid was 83%, with 76 hypoenhancing lesions at CEUS, 
including 70 lesions that showed low density on the portal 
phase of CT). The investigators found that the detection rate 
of vascularity with Sonazoid for both the early vascular and 
the post-vascular phase was significantly lower for nodules 
located deeper than 9 cm from the abdominal wall than for 
nodules located within 9 cm.

The findings of contrast-enhanced intraoperative ultra-
sound using Sonazoid and histologic grade of hepatocel-
lular carcinoma (HCC) were correlated by Arita et al. [48] 
The study comprised 374 histologically proven HCCs in 239 
consecutive patients. The proportion of hypoechoic tumors 
during the Kupffer phase was significantly lower among 
well-differentiated than among moderately and poorly dif-
ferentiated HCCs (54% vs 92%, p < 0.0001). Duisyenbi 
reported that only 58 of 84 HCCs (69%) showed a perfu-
sion defect in the post vascular phase using low MI imaging 
with Sonazoid, meaning that especially well-differentiated 
HCCs do not wash out at Kupffer phase imaging [18]. These 
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authors and others suggest that the low MI contrast mode 
used with Sonazoid does not eliminate the background B 
mode signal sufficiently [18, 46, 48].

A recently published multicenter trial evaluated the added 
value of Sonazoid CEUS when combined with conventional 
B-mode US as an HCC surveillance tool in patients with liver 
cirrhosis [49]. The study included 524 participants; 10 HCCs 
were confirmed in 8 participants. The detection rate of early 
stage HCC was not significantly improved by adding Sona-
zoid CEUS to conventional B-mode US (difference, 0.4% 
(95% confidence interval: 20.3%, 1.1%); p = 0.16). Also, the 
detection rate of any stage of HCC was not improved by add-
ing Sonazoid CEUS to unenhanced US. The study confirmed 
that CEUS improves the characterization of FLL since the 
number of false positive cases, and thus the false referral rate, 
was reduced from 4.4% (23 of 524) with B-mode US to 1.1% 
(six of 524) when Sonazoid CEUS was added.

In summary, high values of sensitivity and specificity are 
reported with SonoVue for detection of FLLs and the assess-
ment conducted by NICE concluded that CEUS with Sono-
Vue alone may be adequate to rule out liver metastases in 
patients with known primary malignancy. Detection of metas-
tases was only moderate with Sonazoid in one study. Sona-
zoid does not appear to have any additional advantage over 
vascular phase agents in the detection of HCC. Lack of tis-
sue background suppression in Sonazoid CEUS may hamper 
visualization of wash out in the post-vascular phase, and some 
well-differentiated HCCs do not wash out at Kupffer phase.

CEUS‑guided Interventions

Biopsy

CEUS has added value in the guidance of percutaneous 
lesion biopsy because the needle is more precisely targeted, 
avoiding avascular or hypovascular areas, increases the ease 
of biopsy of very small nodules, and facilitates placement of 
the needle to tumor-affected organ areas where involvement 
is irregular [50].

Studies have shown the high rate of technical success that 
SonoVue and Sonazoid CEUS affords for the guided biopsy 
of lesions [51–54]. Similar success rates close to or higher 
than 90% are reported for both agents, as reported in Table 2.

Monitoring of ablation procedures

Local-ablative treatment such as radiofrequency (RF) abla-
tion and microwave ablation (MW) are effective techniques 
for local tumor control in patients with low burden HCC and 
metastases [55, 56]. CEUS enables real-time evaluation of 
the tumor microvasculature, making it a valuable tool for 
pre-treatment assessment, for immediate evaluation during 
the intervention, and for follow-up evaluation of treatment 
efficacy [57].

A study by Liu et al. demonstrated the efficiency and 
feasibility of SonoVue CEUS in patients with HCC who 
underwent MW ablation under CEUS guidance [58]. CEUS 
and either CECT or CEMRI follow-ups were performed at 
1- and 3-month intervals for one year, then at 6-month inter-
vals thereafter. A total of 107 patients were included in the 
study; 105 HCCs were successfully visualized with Sono-
Vue CEUS and treated. A complete ablation was obtained 
in 104 lesions, as confirmed at 1-month follow-up. The tech-
nique effectiveness rate was therefore 99%. Another study 
using SonoVue for CEUS-guided MW ablation found that 
lesion boundaries were more extensive with CEUS over 
unenhanced ultrasonography, and procedural complications 
were higher in the unenhanced ultrasound group [59]. Tumor 
recurrence rates were significantly lower, and progression-
free survival significantly higher in the CEUS group.

Sonazoid imaging identified 96% of HCCs in a study 
by Miyamoto et al. [60] MDCT performed one day follow-
ing guided RF ablation indicated that complete ablation was 
achieved in 96% of tumors. Kupffer-phase imaging with Sona-
zoid was evaluated by Park et al. for lesion conspicuity and 
guidance of percutaneous biopsy or RF ablation of FLLs [53]. 
Technical success rates were 95% for biopsy and 70% for RF 
ablation.

SonoVue was found to be an effective immediate assess-
ment of RF ablation of malignant liver lesions, leading to 
a change in therapeutic management in 59% of the cases, 
in a study from Wiggerman et al. [57] Patients underwent 
CT-guided RFA after initial examination by unenhanced 
ultrasound, CEUS, and CECT. CEUS was performed imme-
diately post-RF ablation to assess ablation. Where necessary, 
additional ablation cycles were performed with CEUS re-
evaluation. The combined CT and CEUS RF ablation pro-
cedure resulted in complete ablations for all treated lesions 
in a 3-month follow up. In another study by Mauri et al, 
intraprocedural CEUS with SonoVue detected incomplete 
RF ablation in 36.5% of patients [61]. At the 24-h follow-
up after additional ablative cycles, complete ablation was 
reported in 94.6% of patients. CEUS reduced the number of 
re-treatments and related costs per patient.

Post-ablation follow-up is critical to patient management, 
and a brief list of studies presenting additional information 
on this subject is shown in Table 3 [62–66]. The accuracy 

Table 2   Technical rate of success for CEUS-guided liver lesion 
biopsy

Contrast agent Lesions (N) Technical 
success (%)

Sparchez et al. [51] SonoVue 86 98
Eso et al. [52] Sonazoid 65 92
Park et al. [53] Sonazoid 41 95
Kang et al. [54] Sonazoid 16 88
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values for the detection of ablation success ranged from 92 
to 97%.

Key for a successful local-ablative treatment is an accu-
rate assessment of viable tumor tissue and microvasculature, 
that requires CEUS imaging during the early vascular phase, 
and to make sure lesion margins are negative; there is no 
evidence that Kupffer phase imaging with a prolonged post-
vascular enhancement of the liver parenchyma has any addi-
tional value. Intraoperative assessment with CEUS is key to 
avoid repeated ablation procedures. Multimodality fusion 
imaging helps to best locate the lesion and guide the ablation 
procedures, and fusion 3D imaging for precise determination 
of safe margins [67, 68].

Other potential, useful indications of CEUS are not within 
the scope of this review, e.g., monitoring of systemic tumor 
treatment in oncology patients is not discussed.

Safety

In order to investigate the safety profile of SonoVue in a 
clinical setting, Piscaglia et al. conducted a retrospective 
study in 28 Italian centers on post-marketing use in abdomi-
nal examinations [69]. A total of 23,188 examinations were 
included. No fatal events occurred. Adverse events (AEs) 
were reported in 29 cases (0.0086%); two of these were 
graded as serious. SonoVue AE reporting rate in this study 
was lower than, or similar to, reported data on radiologic and 
MR contrast agents. A retrospective analysis of 30,222 cases 
from Tang et al. in patients who had undergone SonoVue 
CEUS of abdominal and superficial organs at a large hos-
pital in China between 2005 and 2014 [70]. There were no 
fatal cases. Six patients (0.020%) experienced AEs, 2 were 
considered serious (0.007%).

In the dose testing study by Correas et al. with Sona-
zoid in 163 patients, a total of 23 AEs (14.4%) occurred 
with similar frequency across all dose groups, but were 
slightly higher in the highest dose group (0.36 µL/kg body 
weight, three times the approved dose) [43]. Five of these 
AEs (3.0%) were considered related to the use of Sonazoid. 
Four of these five cases occurred in the highest dose group. 

All reported events were mild in intensity. In the Sonazoid 
Phase III trial on the identification of FLLs reported by Jiang 
et al. in 424 subjects, no serious AEs or deaths were reported 
[28]. Mild Treatment-Emergent AEs were reported in that 
study for 55 (13%) of subjects. In a recent publication, safety 
results from a phase III trial with Sonazoid in 54 patients 
were reported [71]. Treatment-emergent AEs were recorded 
for 13 (24.1%) patients. Four patients (7.4%) experienced 
AEs for which there was a reasonable possibility that the 
AE was related to the contrast agent. The most common AE 
was abdominal pain (9.3%), followed by heart rate irregular-
ity (5.6%). None of the 54 patients showed serious adverse 
effects.

The Sonazoid shell does contains HEPS, an egg product; 
in patients allergic to eggs or egg products, Sonazoid should 
be used only when the benefit outweighs the risk [72].

Overall, both SonoVue and Sonazoid have good safety 
profiles for abdominal imaging.

Conclusion

The evidence assessed in this review demonstrates the 
importance of the vascular phases in the diagnostic algo-
rithm for FLLs. The pure post-vascular phase that is impor-
tant to Sonazoid liver imaging begins at about 10 min and 
can extend to an hour or more [1]. This may potentially 
allow the assessment of wash out related findings during the 
late phase for a longer period of time, when compared to a 
blood pool agent. However, the post-vascular phase may not 
be practical for the work flow in a busy practice. It should 
be also considered that some benign lesions do not have 
Kupffer cells and may result as false positive findings at the 
post-vascular phase [73, 74]. It has also been reported that 
well differentiated hypervascular HCCs are more difficult to 
detect during the post-vascular phase [18, 46, 48].

CEUS has a proven high diagnostic accuracy in the char-
acterization and detection of FLL in the non-cirrhotic liver, 
comparable to CT and MRI. For surveillance of patients 
with liver cirrhosis the detection of HCC is a crucial require-
ment. However, due to the short duration of arterial phase 

Table 3   Accuracy results with 
follow-up intervals for CEUS 
post-ablation examinations

Contrast agent Treated 
lesions 
(N)

Accuracy (%) Follow up time Reference standard

Du et al. [62] SonoVue 78 97 20–30 min CEMRI at 1 month
Luo et al. [63] Sonazoid 63 97 1 day CECT at 1 month
Zheng et al. 

[64]
SonoVue 221 92 1–31 months CECT at 1–31 months

Bo et al. [65] SonoVue 73 96 1 month CECT/CEMRI at 1 month
Frieser et al. 

[66]
SonoVue 91 96 1–3 months CECT/CEMRI at > 6 months
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hyperenhancement of HCC adequate assessment of the 
whole liver is considered to be impossible, and the CEUS 
WFUMB guidelines do not recommend routine use of CEUS 
for the surveillance of patients at risk for HCC [75].

The bulk of the published data comes from the purely 
vascular agent SonoVue. Due to the limited published 
reports with Sonazoid, further studies might be needed with 
this agent to accurately correlate enhancement patterns and 
diagnostic accuracy.

CEUS is generally useful in various treatment monitoring 
indications for the guided biopsy and ablation procedure for 
pre-treatment, intraoperative and post-treatment assessment. 
CEUS is particularly beneficial for the immediate treatment 
evaluation during the intervention. Since the key informa-
tion for guidance of interventional procedures is obtained 
during the early vascular phase, an additional benefit of the 
prolonged examination time by Kupffer phase imaging has 
not yet been identified.
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