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Abstract

Hepatocellular carcinoma (HCC) is a global problem constituting the second leading cause 

of cancer deaths worldwide, thereby necessitating an accurate and cost-effective solution for 

managing care. Ultrasound is well poised to address this need due to its low cost, portability, 

safety, and excellent temporal resolution. The role of ultrasound for HCC screening has been 

well established and supported by multiple international guidelines. Similarly, contrast-enhanced 

ultrasound (CEUS) can be used for the characterization of focal liver lesions in high-risk 

populations, and standardized criteria for CEUS have been established by the American College 

of Radiology Liver Imaging Reporting & Data System (LI-RADS). Following HCC identification, 

CEUS can also be highly beneficial in treatment planning, delivery, and monitoring HCC response 

to locoregional therapies. Specific advantages of CEUS include providing real-time treatment 

guidance and improved diagnostic performance for the detection of residual tumor viability or 

recurrence, thereby identifying patients in need of retreatment substantially earlier than contrast­

enhanced CT and MRI. This review provides a primer on ultrasound and CEUS for the screening 

and characterization of HCC, with an emphasis on assessing tumor response to locoregional 

therapies.
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Introduction

Ultrasound plays a central role in HCC (hepatocellular carcinoma) screening in at-risk 

populations. It is supported by the majority of liver societies including the American 

Association for the Study of Liver Diseases (AASLD) and the ACR appropriateness criteria 

[1]. With the guidance of the Ultrasound Liver Imaging and Reporting Data System (US LI­
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RADS), there are now specific recommendations for the technical performance of the exam 

and the reporting of findings which are connected to management recommendations [2]. 

Once a focal lesion is detected in an at-risk patient, CEUS can then be used to characterize 

the lesion and confirm HCC. Similarly, CEUS LI-RADS provides guidance on enhancement 

patterns and contrast kinetics for the characterization of HCC and other liver observations 

[2].

Following locoregional treatment of HCC, gray-scale ultrasound can provide information 

limited to size and morphology of tumor, with Doppler ultrasound and its variations 

(power Doppler, microvascular perfusion, etc.) providing some clue as to tumor viability. 

However, the use of CEUS places ultrasound on a similar footing as CT/MR and allows 

for assessment of tumor viability and treatment response via contrast enhancement. In this 

way, ultrasound may provide “one-stop” shopping for HCC detection, characterization, and 

treatment response assessment in a non-invasive, accessible, and cost-effective way with 

a low-risk profile for allergies, nephrotoxicity, and other issues associated with CT/MRI 

contrast agents.

This paper will briefly explore the role of ultrasound in focal liver observation detection 

and characterization. The focus of the paper, however, will be on the use of CEUS 

in locoregional treatment response. Principles of ultrasound contrast enhancement and 

differences between CEUS and MR/CT in assessing locoregional treatment response such 

as percutaneous ablation, transarterial chemoembolization, and radioembolization will be 

discussed.

The role of ultrasound and CEUS for HCC screening and characterization

HCC is a global problem constituting the second leading cause of cancer deaths worldwide, 

thereby, necessitating an accurate and cost-effective solution for detection of such a deadly 

disease [3]. Furthermore, HCC is the fastest-rising cause of cancer mortality in the United 

States [4]. Fortunately, HCC is a disease that can be positively impacted by screening 

and surveillance, fulfilling criteria put forth by the World Health Organization [4]. Target 

at-risk screening populations exist consisting of people with cirrhosis of any cause, some 

non-cirrhotic patients with hepatitis B, and patients with current or prior history of HCC. 

Additionally, the trajectory of disease severity can be halted with early detection. A 

screening modality with reasonable accuracy that is accessible and cost-effective exists in 

ultrasound. Most importantly, however, ultrasound is the only modality that has been shown 

to reduce disease-specific mortality in large-scale randomized controlled trials [5]. Notably, 

the largest randomized controlled trial studied 18,816 patients with hepatitis B virus or 

chronic hepatitis in Shanghai and found that screening and surveillance with ultrasound and 

serum alpha-fetoprotein every six months reduced mortality by 37% despite poor patient 

compliance [6]. Similar reductions have been seen in other trials [7]. Based on this and 

other data, many of the liver societies, including the American Association for the Study of 

Liver Diseases (AASLD), European Study of Liver Diseases (EASLD), and Asian Pacific 

Association for the Study of the Liver (APASL), advocate ultrasound for HCC screening 

and surveillance in at-risk patients as a clinically proven means of reducing mortality in an 

accessible and cost-effective way. Indeed, MRI and CT can be used for HCC screening as 
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well, particularly in select high-risk patients who may have limitations in screening with 

ultrasound. However, MRI and CT HCC screening have not been proven to reduce mortality 

in randomized controlled trials and may not be global solutions due to specificity, cost, and 

accessibility.

Although ultrasound has been advocated for HCC screening, no standardized or 

recommended means of performing or reporting the exams previously existed until 

recently. In 2014, US LI-RADS was created to provide a standardized lexicon, technical 

recommendations, and a reporting guide for findings, which are tied to management 

recommendations (Fig. 1 [8]). The technical recommendations of US LI-RADS provide 

suggestions for equipment and patient parameters as well as a list of suggested sonographic 

windows, imaging techniques, and images to assure complete coverage of the liver. 

These recommendations attempt to increase the quality and reproducibility of the exam 

and ultimately, the accuracy of ultrasound screening and surveillance. Once the exam is 

performed, US LI-RADS provides a category score of 1, 2, or 3 reflecting findings (termed 

observations) and suggested management. A category 1 exam contains no observations 

suspicious for HCC and places the patient at routine screening in six months. Category 

2 exams have a subthreshold observation, usually less than 1 cm for which a 3–6-month 

follow-up exam is suggested, while category 3 exams have an observation for which a 

contrast-enhanced exam (either CEUS, CT, or MRI) is required for further evaluation. 

LI-RADS also provides a visualization score meant to convey the expected sensitivity of 

ultrasound for visualization of the liver and detection of HCC. Here, visualization score 

A is an exam with little limitation, B is moderate limitation, and C is severe limitation 

for the detection of HCC (Fig. 1. Category scores 1,2,3 and visualization scores A,B,C). 

Examples of these classifications are provided in Fig. 2. In this way, exams are technically 

optimized for HCC detection, exams are assessed for the adequacy of visualization of HCC, 

and ultimate findings are connected to further management.

Once a focal liver lesion is detected by ultrasound, it can be successfully characterized 

by CEUS. Ultrasound contrast agents consist of gas bubbles of different composition 

typically stabilized by a phospholipid or protein envelope that is injected intravenously, 

small enough to transverse the pulmonary vasculature, thereby reaching the target organ 

vasculature. Ultrasound contrast agents differ from CT/MR agents in that they are true 

intravascular contrast agents without deposition into the extravascular space. This has 

implications in the enhancement patterns of some lesions, most notably cholangiocarcinoma. 

Additionally, many benign masses such as hemangiomas can be conclusively identified by 

CEUS, thereby obviating the need to biopsy [9]. The CEUS characteristics of various lesions 

are comprehensively described in CEUS LI-RADS, a guideline which strives to provide 

guidance for technical performance, interpretation, and reporting of CEUS exams (Fig. 3 

[9]). In CEUS, lesion diagnosis is based not only on the morphologic appearance of contrast 

enhancement but also on the contrast kinetics. HCC typically will appear as hyper-enhancing 

in the early arterial phase, with mild washout that occurs later and less profoundly than 

is seen with other malignancies such as metastases or cholangiocarcinoma (See Fig. 4 for 

example). Several studies have validated the use of CEUS in HCC characterization. A 

meta-analysis of 53 studies from 1998–2016 by Zhang, et al. shows a pooled sensitivity of 

85% and a specificity of 91% [10]. A recent study by Huang, et al. concentrating on small 
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HCCs less than 2.0 cm showed a sensitivity of 73.3% and a specificity of 97.1%, which 

compares favorably to sensitivities and specificity of MRI in HCC characterization [11]. 

Consequently, while ultrasound is a favorable tool for the identification of suspicious masses 

in high-risk populations, CEUS can be used for the characterization and identification of 

HCC.

CEUS assessment of response to locoregional therapy

Following identification and characterization, a variety of locoregional therapies are 

available for the treatment of HCC and can be used for palliative care, locoregional 

tumor control, or bridge to transplant. While the level of established evidence varies by 

therapy, CEUS has inherent properties that can be advantageous relative to CE-MRI/CT 

for monitoring response to locoregional therapy. The portability and real-time nature of 

CEUS enable treatment guidance at the patient bedside, and CEUS can provide real-time 

feedback on tumor viability. Lack of concerns with ionizing radiation and renal contrast 

contraindications combined with low cost make CEUS a practical alternative worldwide as 

described above. Finally, the higher temporal resolution and limited artifacts generated by 

embolic material also provide the potential for earlier (within minutes to days) detection of 

viable tumor, resulting in much earlier retreatment, if required [12]. However, it should also 

be pointed out that many of the limitations of conventional ultrasound still apply to CEUS. 

The modality may be user and reader dependent, and both radiologist and sonographer 

training may vary by institution. Patient body habitus, bowel gas, and lesion size and 

location within the liver may limit imaging access in some patients. Finally, CEUS is 

not as readily available as MRI but its acceptance and availability are rapidly increasing. 

Despite these limitations, evidence continues to emerge on the potential benefit of CEUS for 

evaluating locoregional therapies. This evidence is discussed in more detail below.

Ablation

Thermal ablation is a preferred non-surgical treatment method for HCC patients with 

Barcelona Clinic Liver Cancer (BCLC) stage 0-A disease and for the treatment of a variety 

of other solid tumors in the liver [13]. It is primarily performed using microwave ablation 

(MWA) or radiofrequency ablation (RFA), although success has also been demonstrated 

with laser and cryoablation [14]. The procedure is generally performed under ultrasound or 

CT guidance, in which real-time feedback of the ablation cavity can be provided. There is 

no uniform consensus on follow-up schedules, although 1-month follow-up with CE-MRI 

or CT is generally used, with 3–6-month interval follow-up thereafter to monitor for tumor 

recurrence [15, 16].

CEUS can be successfully used to improve real-time image guidance during thermal liver 

ablation due to its ability to delineate real-time tumor perfusion dynamics [17, 18]. The 

technique was demonstrated to improve electrode placement, especially in patients with 

lesions that are incompletely visualized on routine gray-scale sonography, resulting in 

improved treatment outcomes [19]. In patients with HCC poorly imaged by gray-scale 

ultrasound selected for radiofrequency ablation, Minami et al. demonstrated complete tumor 

ablation after a single treatment in 95.2% of the patients treated using CEUS-guided ablation 
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versus 32% in patients where the treatment was guided by routine gray-scale ultrasound 

alone [20]. Similar findings were presented by Yan et al. with a tumor recurrence rate of 

16% in patients treated with CEUS-guided ablation compared to 48% in patients treated 

with ablation under routine ultrasound guidance [21]. In addition, patients treated with 

CEUS-guided MWA demonstrated significantly better progress-free survival [17].

For treatment assessment, the vast majority of studies with CEUS have been performed 

within the first week or first month after RFA. These studies have demonstrated exceptional 

sensitivity of CEUS, often exceeding 80% with near 100% specificity (Table 1). This 

diagnostic performance is generally equivalent or often better than CECT or MRI performed 

within the same timeline (Table 1). In addition, due to its exceptional temporal and spatial 

resolution and relative portability, CEUS can be used for immediate assessment of RFA 

treatment effect while the patients are still in the interventional suite, allowing immediate 

retreatment and substantial reduction in incomplete ablation rates after initial treatment 

[22-24]. In addition, CEUS performed at the end of ablation can be used to evaluate for 

immediate post-procedural complications, such as hemorrhage and hepatic infarction [22]. 

However, some limitations of CEUS may affect its diagnostic accuracy when performed 

immediately or within the first 30 min after the ablation. In these instances, post-ablative 

reactive hyperemia may mask viable enhancing tumor and its irregular profile may falsely 

indicate the persistence of tumor [25]. Additionally, gas bubbles produced during the 

ablation may obscure portions of the tumors, limiting visualization [26]. As a result, CEUS 

performed immediately post treatment may have sensitivity in detecting incomplete ablation 

as low as 33% due to difficulty in differentiating viable tumor from post-procedural reactive 

hyperemia and is generally not recommended for this early post-treatment [27, 28].

CEUS can also be successfully used for the detection of residual tumor in patients with 

both primary and metastatic liver malignancies treated with MWA. Pregler et al. examined 

30 consecutive patients with an untreated HCC lesion larger than or equal to 3 cm treated 

with percutaneous MWA. In all patients, both CEUS and CE-MRI were performed 24 h after 

the ablation with 6-week post-ablation MRI used as reference standard. The sensitivities 

and specificities for the detection of residual tumor on day 1 were 100% and 83% for 

CEUS and 87% and 67% for MRI [29]. Similar findings were presented in a larger study 

by Peng et al. who evaluated 231 lesions treated by MWA [30]. In their study, residual 

tumor detection with CEUS and CE-MRI 1 month after ablation demonstrated sensitivities 

of 86.5% and 84.6%; specificities of 98.3% and 98.9%; and overall accuracies of 95.7% 

and 95.7%, respectively, with no significant statistical differences in diagnostic performance 

between CEUS and CE-MRI. Examples of CEUS cases from HCCs following partial and 

complete MWA are provided in Figs. 5 and 6, respectively.

Recent developments in CEUS technology allow fusion of previously obtained CT/MRI/

PET-CT in which the tumor is most conspicuous, with real-time CEUS used for guidance 

of ablation probe/antenna placement to improve lesion visualization, procedure guidance, 

and post-treatment assessment. This approach has shown to be useful for improving the 

treatment effectiveness rate up to 98.8–100% compared to 67.7–93.5% reported in previous 

studies under guidance by conventional ultrasound [31-36].

Eisenbrey et al. Page 5

Abdom Radiol (NY). Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Transarterial embolization

Transarterial embolization is a catheter directed therapy in which embolic material with or 

without chemotherapy is deposited into the tumor vasculature via the hepatic artery and its 

branches [37]. It is recommended for HCC patients with BCLC stage B disease but can also 

be used in stage A patients not amenable to ablation or in stage C patients for downstaging 

or palliative care [38]. It is also used for patients with other primary and metastatic liver 

tumors. Treatment response is currently evaluated using CECT or CE-MRI 4 to 6 weeks 

post treatment [39]. However, CEUS has demonstrated several clear advantages over CT and 

MRI approaches and has been extensively validated in multiple clinical trials (Table 2).

Contrast-enhanced CT and MR imaging is generally obtained only after 4 weeks 

post transarterial chemoembolization (TACE) to reduce arterial phase hyperenhancement 

associated with post-ablation inflammation and hyperemia within the tumor and in the 

surrounding liver parenchyma on both CT and MRI and lipiodol artifacts on CT [40-42]. 

This typically results in a 6–8-week delay of retreatment in patients with incomplete 

ablation. However, initial TACE data demonstrated a return-to-normal liver function 

approximately 7 days post treatment [43], indicating retreatment via repeat TACE or 

percutaneous ablation is permissible much earlier. Unlike CT and MRI, CEUS demonstrates 

very minimal artifacts from lipiodol deposition and is able to reliably differentiate viable 

tumor from post-procedural inflammation. As a result, many studies have demonstrated an 

ability of CEUS to detect viable tumor substantially sooner than the current 4–6 weeks 

required to assess TACE treatment response with CT and MRI (Table 2).

Protocols for CEUS of TACE treatment response evaluation typically follow similar 

guidelines to those recommended for indeterminate liver imaging, as in CEUS LI-RADS. 

Continuous imaging is used with sonographic focus on looking for residual tumor 

enhancement during the arterial enhancement phase. Volumetric (3D and 4D) CEUS has 

been explored for locoregional embolization follow-up, but currently only recommended for 

research purposes. In liver masses completely treated by TACE, the treatment cavity should 

demonstrate well-defined margins on CEUS with no internal flow on any enhancement 

phase and no evidence of nodular peripheral enhancement.

Follow-up times range from days to up to two weeks and demonstrate similar diagnostic 

performance to CT and MRI imaging at 1 month [44-50]. Examples of CEUS 1–2 weeks 

post treatment in cases with and without viable tumor are presented in Figs. 7 and 8, 

respectively. Concordant findings are observed with CE-MRI 4–6 months post treatment, 

demonstrating how treatment planning can be initiated earlier using CEUS.

Additionally, the improved temporal resolution of CEUS relative to CT and MRI allows 

detection of smaller areas of viable tumor not appreciated by other imaging modalities. 

While the specificity of CEUS is variable, several studies have demonstrated superior 

sensitivity of CEUS for detecting viable tumor relative to contrast-enhanced crosssectional 

imaging [46, 50-52]. Volumetric and quantitative approaches using 3D and 4D CEUS may 

further improve this diagnostic performance, although these are still in their infancy [53, 

54]. An example of CEUS acquired 1 month post treatment and the accompanying CE-MRI 
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are provided in Fig. 9. Residual enhancement is evident within the tumor on CEUS, but 

not clearly appreciated on CE-MRI. Viable tumor in this case was later confirmed by tumor 

growth and retreatment angiography. While this example demonstrates clear clinical benefit, 

larger multi-center trials with blinded readers are still needed to directly compare modalities 

and are currently underway (see for example NCT# 02,764,801).

The ability of CEUS to aid in TACE treatment planning has also been demonstrated. 

Advanced processing approaches using CEUS prior to treatment have been shown to be 

useful for predicting the likelihood of treatment response [55, 56]. These works employ 

artificial intelligence and characterization of vascular networks to identify tumors likely to 

fully take up and retain embolic material [57, 58]. Intra-procedural CEUS has also been 

used with arterial injection through the treating catheter do identify residual blood flow post 

deployment of the embolic material [57-59]. Finally, CEUS follow-up of previously treated 

lesions has also been used to identify the specific feeding vessels for aiding in retreatment 

planning, demonstrating good (85%) correlation with angiography findings at retreatment 

[60].

Radioembolization

Transarterial radioembolization (TARE) is recommended for patients with BCLC stage B 

disease but is also frequently used in patients with stage C disease at many institutions 

[61]. Aside from HCC, the technique has also been shown to be effective for other primary 

and metastatic liver tumors [62, 63]. This approach involves arterial injection of (20–40 

μm) glass beads containing yttrium-90 (Y-90) into the tumor blood supply. The radioisotope 

undergoes a pure beta emission as it decays to stable Zirconium-90 with a half-life of 

64 h [64]. Dosages vary by institutional protocols, tumor size, and treatment planning. 

Traditional dosages range from approximately 110–150 Gy [65], with reported response 

rates ranging from 25–80% [65-68]. However, recently the safety and benefits of radiation 

segmentectomy, in which one to two segments are treated with dosages > 190 Gy, have been 

demonstrated in patients with BCLC stages A-B disease [69, 70].

Treatment response of HCC to TARE is generally assessed using contrast-enhanced MRI. 

Follow-up times vary by institution, but generally are greater than 3 months after treatment 

to enable reduction of post-treatment inflammation and improve radiotherapy response 

assessment [71]. The use of LI-RADS for treatment response has been proposed but has 

yet to be fully validated, with early data demonstrating a propensity for equivocal findings 

[72]. The use of mRECIST has shown moderate interobserver (κ = 0.56) agreement, but 

this decreases in cases with heterogeneous enhancement prior to treatment [73]. These 

limitations in follow-up time, definitive diagnosis, and imperfect correlation to pathologic 

necrosis have generated interest in using CEUS to monitor TARE response.

Limited data on the use of CEUS to monitor response to TARE currently exist [12]. The 

ability of CEUS to monitor changes in tumoral perfusion following TARE has been noted 

as early as one week post treatment [74] with changes in tumoral vascularity and perfusion 

dynamics correlating well with longer term mRECIST CT or MRI findings 3–4 months post 

treatment [75]. An example of CEUS post TARE is provided in Fig. 10. Notice that the 
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areas of patchy enhancement are clearly visible on CEUS, indicating viable tissue within 

the treatment cavity. Given the advantages in temporal resolution, cost, and accessibility 

described above, CEUS is well poised as a modality for monitoring HCC response to TARE. 

However, larger studies investigating diagnostic performance with longer patient follow-up 

time are still needed before clinical adoption is justified.

Conclusions

The role of ultrasound in screening and CEUS characterization of HCC in high-risk 

populations is well established. Additionally, the inherent properties of CEUS (cost, safety, 

portability, and high temporal resolution) make it well poised as a first-line imaging 

modality for monitoring HCC response to locoregional therapy, providing assessment that 

can be performed within minutes to days after treatment, substantially sooner than with 

CECT and MRI and with similar if not potentially better accuracy.
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Fig. 1. 
American College of Radiology US LI-RADS criteria describing reporting criteria for HCC 

screening in high-risk populations. Reproduced with permission from the American College 

of Radiology (ACR) [8]
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Fig. 2. 
US LI-RADS Category and Visualization Scores. Figure 2A-D Category Scores. a US-1 

Negative: No ultrasound evidence of HCC. Here, a benign cyst is shown with the arrow. 

b US-2 Subthreshold. Observation is detected that may warrant short-term ultrasound 

surveillance. The arrow points to a subcentimeter echogenic observation only seen on the 

high-resolution linear array surface images. c, d Positive: Observation is detected that may 

warrant multiphase contrast-enhanced imaging. Here, a solid hypoechoic mass is detected on 

screening ultrasound marked by the arrow. Figure 2e-g Visualization Scores. e Visualization 

A has no or minimal limitations. f Visualization B has moderate limitations due to extensive 

coarsened echotexture from cirrhosis. g Visualization C has severe limitations due to a very 

limited sonographic window
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Fig. 3. 
American College of Radiology CEUS LI-RADS criteria describing reporting criteria for the 

characterization of focal liver lesions in high-risk populations. Reproduced with permission 

from the ACR [9]
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Fig. 4. 
Example images showing the use of CEUS LI-RADS. (Left) B-mode image demonstrating 

an indeterminate liver lesion (arrows). (Center) CEUS shows hyperenhancement in the 

mass (arrows) relative to the adjacent liver during the arterial phase. (Right) Late and mild 

washout is observed within the mass (arrow) in the portal phase. Using CEUS LI-RADS 

criteria, this mass is classified as CEUS LR-5
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Fig. 5. 
HCC patient after MWA ablation. a Late-arterial CT image demonstrates avascular ablation 

cavity (*) and a vague area of increased enhancement anterior to the ablation cavity 

(arrow) that was interpreted as AV-shunt. b Portal-venous CT image in the same patient 

demonstrates area of decreased enhancement anterior to the ablation cavity (arrow) that 

was interpreted as post-ablation changes with no evidence of recurrent or residual tumor. 

On ultrasound, the ablation cavity is well visualized on B-mode (circled). c Early arterial 

CEUS with avascular ablation cavity (*) similar to CT and a large area of arterial phase 

hyperenhancement (arrow), which on portalvenous CEUS image d demonstrated early 

washout (arrow), consistent with incomplete ablation and large residual tumor anterior to 

the ablation cavity
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Fig. 6. 
HCC patient after MWA ablation. a Pre-contrast T1-weighted MRI image demonstrates 

ablation cavity (*) expected post-ablation hemorrhagic necrosis. b Contrast-enhanced MRI 

image demonstrates avascular ablation cavity (*) with mild peripheral enhancement (arrow). 

c Early arterial CEUS demonstrates completely avascular ablation cavity (*), similar to 

MRI, with small area of central calci fication (arrow) seen on corresponding B-mode image. 

No areas of arterial phase hyperenhancement (APHE) were detected in the surrounding liver 

parenchyma. d Portal venous CEUS image demonstrates no contrast washout surrounding 

the ablation cavity (arrow), confirming the absence of residual untreated tumor. Please, note 

far superior resolution of CEUS compared to CE-MRI
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Fig. 7. 
HCC patient after TACE. (Top): CEUS 1 week post treatment demonstrates the tumor 

(circled on B-mode) with peripheral nodular enhancement (arrow) in the arterial phase, 

suggesting the presence of viable tumor. (Bottom) Similar findings are demonstrated on CE­

MRI 1 month post treatment, indicating a need for retreatment. These findings illustrate how 

retreatment can potentially be performed earlier when using CEUS for residual detection
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Fig. 8. 
HCC patient after TACE. (Top) CEUS 1 week post treatment demonstrates the tumor 

(circled on B-mode) with no internal enhancement (arrow) in the arterial phase with 

smooth margins indicating complete tumor embolization. (Bottom) Similar findings are 

demonstrated on CE-MRI 1 month post treatment, indicating the absence of viable tumor 

(arrow). These findings illustrate how patient management can be established earlier using 

CEUS as compared to MRI
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Fig. 9. 
HCC patient after TACE. a CEUS 1 month post treatment demonstrates clear internal 

enhancement within the tumor (circled on B-mode) in the arterial phase and irregular 

enhancing margins on the right border of the treatment cavity (arrow), indicating viable 

tumor. b CE-MRI at 1 month demonstrates no clear evidence of residual tumor viability 

within the treatment cavity (arrow). Tumor viability was later confirmed by tumor growth 

and viable vascularity on angiography during retreatment. These findings show how CEUS 

can improve the diagnostic performance of MRI for monitoring response of HCC to TACE
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Fig. 10. 
Incomplete HCC treatment after TARE. a pretreatment contrast-enhanced MRI shows a 

6.8 cm HCC (circled) in segment 6/7. b MRI 4 months post TARE demonstrates patchy 

arterial phase contrast enhancement (arrow) within the treated HCC. c CEUS 4 months post 

TARE using dual imaging showing the tumor (circled) on B-mode and patchy arterial phase 

contrast enhancement within the viable residual tumor (arrow) with much greater resolution 

compared to MRI
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