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Abstract

Hepatocellular carcinoma (HCC) is a prominent contributor 
to cancer-related mortality worldwide. Early detection and 
diagnosis of liver cancer can significantly improve its progno-
sis and patient survival. Ultrasound technology, serving has 
undergone substantial advances as the primary method of 
HCC surveillance and has broadened its scope in recent years 
for effective management of HCC. This article is a compre-
hensive overview of ultrasound technology in the treatment 
of HCC, encompassing early detection, diagnosis, staging, 
treatment evaluation, and prognostic assessment. In addi-
tion, the authors summarized the application of contrast-en-
hanced ultrasound in the diagnosis of HCC and assessment of 
prognosis. Finally, the authors discussed further directions in 
this field by emphasizing overcoming existing obstacles and 
integrating cutting-edge technologies.
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Introduction
Liver cancer is one of the most commonly diagnosed ma-
lignancies and ranks as the fourth leading cause of cancer-
related mortality worldwide. Hepatocellular carcinoma (HCC) 
accounts for approximately 75–85% of primary liver cancers 
and is a high-incidence tumor that is sixth among all cancer 
types and has an upward trend in prevalence. From 1990 to 

2015, there was a notable 75% rise in the global prevalence 
of liver cancer. Projections based on current trends indicate 
that the number of newly diagnosed liver cancer cases may 
increase by up to 62% in 2040. HCC is also characterized 
by a high fatality rate, with a morbidity and mortality ratio 
nearing unity, and its mortality rate is increasing, especially 
in the USA and Europe, where it has emerged as the fastest-
growing contributor to cancer-related death.1 Increased un-
derstanding of the pathogenesis and development of HCC 
has led to increasingly diverse treatment. However, other 
than HCC diagnosed at an early stage, the prognosis remains 
unsatisfactory. Because it is often detected in an advanced 
stage, the therapeutic efficacy of HCC is limited, and the 
overall prognosis is poor. To improve long-term survival and 
prognosis, early detection and diagnosis are crucial for im-
proving the potential of curative treatment, including surgical 
resection and liver transplantation.

Clinical practice guidelines widely recommend ultrasound 
technology as the primary method for screening and moni-
toring HCC due to its noninvasive, cost effective, and conven-
ient nature. The recent development of contrast-enhanced 
ultrasonography has improved the diagnostic accuracy of 
this imaging technique and improved the characterization of 
HCC. Ultrasound is expected to provide more biological in-
formation on HCC, which will enable personalized treatment 
decisions in the era of precision medicine. This review sum-
marizes the latest advancements in ultrasound and methods 
of monitoring HCC, its diagnosis, treatment, prognosis, and 
identifying common complications.

Ultrasound techniques applied to HCC

Two-dimensional gray-scale ultrasound
Two-dimensional (2D) gray-scale ultrasound is the primary 
imaging modality for HCC screening. It provides real-time 
visualization of the liver with insights into tumor location. It 
also facilitates prompt assessment of lesion characteristics, 
tumor borders, morphology, and the dynamic evaluation of 
echogenicity at the tumor margins, within the lesion itself 
and posterior to it. The formation of fibrous capsules and a 
nodule in nodule appearance are distinctive morphologic fea-
tures of HCC and are of significant importance in early-stage 
diagnosis.2 Two-dimensional gray-scale ultrasound is widely 
used in clinical practice to screen HCC in healthy populations 
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and is the foundation of HCC ultrasound diagnosis. It can 
provide a preliminary description of the morphology of HCC 
(Supplementary Fig. 1A/a). However, due to the limited in-
formation about HCC, it has not become a means for further 
diagnosis and adjunctive therapy.

Doppler ultrasound
Color Doppler ultrasound can visualize intricate details of 
blood flow both inside and surrounding HCC. This imaging 
modality encompasses various techniques such as color 
Doppler flow imaging, color Doppler energy, super micro-
vascular imaging, and micro flow imaging. Color Doppler 
flow imaging is effective for visualizing blood vessels with 
a diameter of >1 mm and a flow velocity >3–5 cm/s, both 
within the tumor and at its periphery.3 Color Doppler energy 
is a well-established method of observing low-speed blood 
flow and small blood vessels by displaying an intravascular 
energy-based signal. Super microvascular imaging and mi-
cro flow imaging are recently developed Doppler microflow 
imaging modes that enable clear visualization of low-speed 
small blood flow without the need for contrast agents.4,5 
There is currently a lack of research on the diagnostic and 
therapeutic applications of these two techniques in manag-
ing HCC, especially regarding accurate diagnosis and differ-
ential diagnosis. Their clinical value needs confirmation by 
large multicenter studies. Color Doppler ultrasound provides 
information about the blood flow within HCC tumors and in 
the surrounding tissue. This information helps clinicians un-
derstand tissue differentiation and the extent of vascular 
invasion of HCC. It not only provides important diagnostic 
value but also serves as a therapeutic basis for selecting 
subsequent treatments for HCC, especially for those with a 
rich or relatively poor blood supply. For example, color Dop-
pler ultrasound can image vessels appropriate for transarte-
rial chemoembolization (TACE) (Supplementary Fig. 1B/b). 
In clinical practice, color Doppler ultrasound has become an 
indispensable tool.

Contrast-enhanced ultrasonography
Contrast-enhanced ultrasonography is a revolutionary ad-
vance in the field of ultrasound imaging following the devel-
opment of 2D gray-scale ultrasound and Doppler ultrasound. 
The technique is an effective means of evaluating focal liver 
lesions based on hemodynamic changes. Administration of 
contrast agents allows dynamic monitoring of changes in 
blood flow specifically for HCC. It has been extensively uti-
lized across various stages of management, including pre-
operative diagnosis, guided tumor biopsy, intraoperative 
guidance during radiofrequency ablation procedures, and 
evaluation of early treatment response and complications, 
along with monitoring tumor recurrence. This technique is 
being refined for use in diagnosing and planning treatment 
for HCC. In addition, three-dimensional contrast-enhanced 
ultrasound (3D-CEUS) is an advance of 2D-CEUS. This tech-
nique enables visualization of tumor spatial vascularity and 
intratumoral perfusion by the reconstruction of 3D images 
(Supplementary Fig. 1C/c). CEUS is preferred by many clini-
cians and patients because it provides more accurate tumor 
information and is not affected by issues such as radiation 
from computed tomography (CT) contrast agents.

Ultrasonic contrast agents are materials that include mi-
crobubbles, and their characteristics depend on the type of 
gas and the enclosure composition. As the microvessel di-
ameter is smaller than that of a red blood cell, it can move 
through the bloodstream after intravenous injection. We 
listed the commercially available clinical ultrasound contrast 

agents described by Chang6 and Frinking et al.7 in Supple-
mentary Table 1. They include Levovist, a first-generation 
contrast agent comprising galactose-based gas-filled micro-
bubbles containing palmitic acid (Schering AG, Berlin, Ger-
many). There are three second-generation contrast agents, 
SonoVue (sulfur hexafluoride; Bracco, Milan, Italy), Defin-
ity (Perflutren lipid microspheres; Lantheus Medical Imag-
ing, Billerica, MA, USA), and Sonazoid (perfluorobutane; GE 
Healthcare United Kingdom Ltd., Pollards Wood, UK). Sono-
Vue and Definity are blood-pool contrast agents that circulate 
within blood vessels and Sonazoid specifically accumulates in 
the reticuloendothelial system to enable imaging of Kupffer 
cells. These advanced microbubbles consist of a gas core 
with low diffusion properties enclosed by a highly flexible and 
soft envelope. This design improves stability and persistence 
during diagnostic medical procedures.8,9

Tissue harmonic imaging
Tissue harmonic imaging (THI) detects the harmonics gener-
ated by sound waves as they propagate through tissue, with 
wave signals being meticulously received and intensified for 
imaging purposes. Currently, THI is widely used in diagnos-
ing HCC.10 It can image the morphology and structure of 
the liver, liver cancers, outlines of portal vein tumor thrombi, 
internal echo, the relationship of the tumor with surround-
ing tissues, and enlarged lymph nodes in the hilar region. 
It improves the detection rate of subtle tissue lesions and 
HCC, while being especially valuable in distinguishing hyper-
plastic nodules from malignant nodules among patients with 
liver cirrhosis.11 Previous studies have examined the use of 
contrast agent-enhanced harmonic imaging to evaluate HCC 
diagnosis and treatment response. These studies revealed 
a distinct contrast-enhanced difference between tumors and 
the surrounding normal liver tissue.12 THI significantly im-
proves the accuracy of liver cancer diagnosis but because 
of its principles and technical limitations, it is not currently 
the primary method of evaluating HCC in the clinical setting. 
However, with the integration and development of new tech-
nologies, such as CEUS, it has been gradually adopted for the 
diagnosis and treatment of HCC.

Ultrasound elastography
Ultrasound elastography is an imaging technique that uses 
ultrasound to detect the molecular and microstructural fea-
tures of target tissues, providing valuable information on tis-
sue elasticity and its distribution. Ultrasound elastography 
has two modes, strain elastography and shear wave elas-
tography (SWE).13,14 SWE overcomes subjective factors that 
could impact strain elastography results, such as probe pres-
sure and frequency. It has advantages for diagnosing ab-
dominal organ disease, including liver fibrosis.13,15,16 SWE 
can effectively detect and assess the severity of liver fibrosis 
outside tumor lesions in patients with HCC (Supplementary 
Fig. 1D/d).

Acoustic radiation force impulse (ARFI) imaging is a key 
component of SWE. Virtual touch tissue quantification is an 
integral component of ARFI. It collects lateral shear wave 
data by sequential detection of pulsed waves and determines 
tissue stiffness by calculating velocity values. ARFI uses sta-
ble acoustic pulses to differentiate benign from malignant 
tumors while enabling elastic assessment of deep-seated 
tissues such as the liver, kidneys, and spleen.17 The advan-
tages of ARFI include decreased inter-operator variability, 
high-level repeatability, tissue stiffness quantification, deep 
tissue penetration by focused ultrasound beams, and effi-
cient contrast conversion.18
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Ultrasound fusion imaging
Investigation of the clinical applications of ultrasound fusion 
imaging has expanded because of advancements in ultra-
sound technology and computing power.19–21 This innovative 
technique depends on an automated combination of ultra-
sound and radiological imaging that enables synchronous 
correlation of ultrasound images and one or more cross-sec-
tional radiological images such as CT, magnetic resonance im-
aging (MRI) or positron emission tomography-CT. These cor-
related images are then reconstructed in a 3D format within 
their corresponding plane.22 Providing a simultaneous dis-
play of multiplanar reconstruction images on a single screen, 
allows physicians to quickly make diagnostic or procedural 
decisions with greater efficiency.23,24 This method integrates 
diverse ultrasound techniques, such as color Doppler ultra-
sound, elastography, and CEUS, for precise localization and 
characterization of lesions based on specific requirements.22 
The procedure uses complex algorithms, restricted comput-
ing competence, and integration of multiple ultrasound and 
radiology techniques. The process relies on skillful operators, 
and has the potential of image offset during fusion. Moreo-
ver, challenges arise from changes in patient positioning that 
interfere with the accurate alignment of the ultrasound im-
age with CT or MRI image. While this innovative technology 
holds broad application potential, further study is needed to 
standardize technological parameters across various sce-
narios. In recent years, ultrasound fusion imaging has been 
rapidly developing, and clinical use has begun advances that 
make it easier to integrate ultrasound and CT/MRI images 
(Supplementary Fig. 1E-F/e-f), and further technological in-
novations are underway. In the future, an important direction 
for ultrasound imaging will be the development of ultrasound 
fusion imaging technology.

Application of ultrasound technologies in different 
stages of diagnosis and treatment of HCC

Surveillance
Ultrasound is an essential technique for HCC surveillance. 
Abdominal ultrasonography is the preferred method for 
monitoring patients at high risk of HCC, including those with 
cirrhosis, and noncirrhotic patients with chronic hepatitis B 
virus (HBV) and/or hepatitis C virus (HCV) infection or high 
HBV-DNA levels. Noncirrhotic patients with a family history 
of HCC and those with nonalcoholic fatty liver disease should 
also receive regular ultrasound monitoring. A randomized 
controlled clinical trial including over 18,000 Chinese HCC 
patients found that ultrasound screening reduced the mortal-
ity risk by 37%.25 Moreover, long-term prospective follow-up 
of patients with compensated viral cirrhosis suggested that 
consistent adherence to the recommended 6-month screen-
ing interval resulted detection of more early HCC cases, 
which exhibited a survival benefit of the earlier treatment 
procedures.26 Two-dimensional gray-scale ultrasound im-
aging is a practical clinical application that can be used for 
early screening of HCC. This technique is both convenient to 
implement and capable of achieving the purpose of prelimi-
nary screening. Ultrasound has a sensitivity of 40–81% and 
a specificity of 80–100% for HCC monitoring.1 One reason 
for differences in the effectiveness of surveillance is that the 
surveillance populations had different high-risk factors for 
HCC. For patients with HBV, ultrasound detected HCC with 
a sensitivity of 84% for any stage and 63% for the early 
stage. However, for patients with cirrhosis, the combined 
sensitivity of ultrasound for early HCC was only 47% (95% 
CI: 33–61%). One reason is that cirrhosis with fibrous septa 

and regenerative nodules that appear as a coarse pattern on 
ultrasound may mask the existence of early HCC. Another 
important factor influencing the sensitivity is the size of the 
HCC lesion. Smaller lesions are often associated with a lower 
sensitivity of surveillance, with those <2 cm in diameter hav-
ing a sensitivity of only 65%. Indeed, the above data are 
largely dependent on the expertise of the operator and the 
influence of several patient-level factors including obesity, 
alcoholic or nonalcoholic steatohepatitis cirrhosis, and Child-
Pugh class B or C cirrhosis.27,28 These factors are the primary 
cause of the wide variation in ultrasound sensitivity observed 
in different clinics and patients.

To enhance the sensitivity, it is imperative to reinforce 
the professional and standardized training for personnel 
who perform HCC ultrasound monitoring. It is also effective 
to monitor HCC with sensitive biological indicators and ul-
trasound. A meta-analysis that compared the performance 
of ultrasound alone with ultrasound plus alpha-fetoprotein 
(AFP) found that the former was 63% (95% CI: 48–75%) 
and the latter was 45% (95% CI: 30–62%), showing that the 
combination of ultrasound and AFP improved HCC detection 
at an early stage. The diagnostic odds ratio, considering both 
sensitivity and specificity, was higher when combining the 
two tests than using ultrasound alone. The 2017 Asian-Pa-
cific Association for the Study of the Liver guidelines recom-
mend a combination of AFP level and ultrasound for routine 
monitoring of HCC.29 However, emerging data suggest that 
AFP has a limited diagnostic advantage (6–8%), and when 
combined with ultrasound, the increase in the percentage of 
detected cases includes false-positive results and increases 
surveillance costs.30 It remains to be seen whether AFP im-
proves the sensitivity of ultrasound and needs more research 
and clinical experience.

Diagnosis and staging
If liver nodules are detected, diagnosis and staging are nec-
essary to guide subsequent treatment strategies. B-mode 
ultrasound serves as a reliable for imaging the macroscopic 
characteristics of HCC with distinct presentations varying by 
size on ultrasonography. The 2 cm threshold represents a 
significant differentiation between HCC sizes in ultrasound 
appearance. Nodules that are <2 cm often lack characteriza-
tion, whereas those >2 cm usually have typical ultrasound 
features such as a mosaic pattern, nodular appearance in 
nodules, peripheral sound-through (halo sign), and silhou-
ette.31 HCC can be classified into five types by its macro-
scopic characteristics: small nodular type with inconspicuous 
margin, simple nodular type, simple nodular type with the 
outgrowth of nodules, confluent multinodular type, and infil-
trating type. These types are ordered in terms of malignancy 
increment. Small nodules are classified into two groups by 
Moribana et al (Fig. 1).32 depending on the presence of ha-
los, type 1 (with halos) and type 2 (without halos). Type 2 is 
further divided into three subgroups. Type 2a is homogene-
ously hyperechoic, type 2b is hypoechoic with smooth mar-
gins, and type 2c is hypoechoic with irregular or indistinct 
margins. There is a gradual increase in malignant potential 
among the three subtypes.

In addition to CT and MRI, CEUS is a frequently utilized 
imaging modality for diagnosing liver cancer. All guidelines 
recommend the use of contrast-enhanced imaging when ul-
trasound has identified focal lesions larger than 1 cm. CEUS 
is a dynamic imaging technique that enables quantitative 
evaluation of microcirculation within tissues following the 
injection of a contrast agent. Rapid real-time acquisition of 
sequential images with contrast agent concentrations over 
time enables subsequent extraction and adjustment of per-
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fusion parameters. Perfusion imaging provides important 
quantitative information regarding tumor vasculature and 
angiogenesis. CEUS thus enables the dynamic observation 
of nodules during the influx, dispersion, and absorption of 
contrast medium in a specific liver, which makes it more fre-
quently used for high-risk HCC screening and assessment of 
suspected liver nodules. A recent review describes important 
ultrasound updates and CEUS techniques.33 CEUS increases 
diagnostic accuracy by improving sensitivity and specificity 
and facilitating a more professional and optimized diagnostic 
process. In contrast, CT scans involve radiation exposure and 
possible risk of allergy to the iodine contrast agent. Although 
without radiation, MRI is more expensive and requires a 
gadolinium contrast agent that can lead to nephrotoxicity in 
some patients. Furthermore, recent data indicated a long-
term risk of gadolinium accumulation, with uncertain clinical 
implications.34

Diagnosis and staging of HCC by CEUS imaging
Significant hemodynamic changes take place during hepa-

tocarcinogenesis. The blood supply to the nodule increases 
with the degree of malignant transformation. Specifically, the 
portal bundle in the nodule decreases while the number of 
unpaired arteries increases. Ultimately, HCC is primarily sup-
plied by the hepatic arterial system by abnormal unpaired 
arteries. This leads to excessive enhancement in the hepatic 
arterial phase of the liver on the CEUS background accom-
panied by a distinguishing pattern during the portal venous 
phase and/or delayed phase. The blood supply in HCC is 
positively associated with its malignancy, the detection of 
which is a key reference index in the diagnosis and staging 
of HCC. Notably, CEUS is effective for showing the distribu-
tion of tumor vessels and its sensitivity is superior to that of 
enhanced CT.

Superparamagnetic iron oxide, like Sonazoid, can be 
phagocytosed by hepatic Kupffer cells,35 and. It can assist 
in estimating the histological grade of HCC by post-vascular 
phase ratio (post-contrast echo of the tumor lesion/post-con-
trast echo of adjacent liver). Sonazoid CEUS uses the con-
trast echogenicity of neoplastic lesions or non-neoplastic liver 

Fig. 1.  Classification of B-mode ultrasonographic images of small hepatocellular carcinoma. Hepatocellular carcinoma nodules <3 cm were divided into two 
groups using B-mode ultrasonography, type 1 (A) with and type 2 without a halo. Type 2 was divided into three subgroups, type 2a, homogenous hyperechoic (B); type 
2b, hypoechoic with a smooth margin (C); and type 2c, hypoechoic with an irregular or unclear margin (D).
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parenchyma as a quantitative parameter to evaluate HCC 
staging. The Kupffer phase ratio decreases with decreasing 
HCC differentiation. Under this condition, all moderately and 
poorly differentiated HCCs had a hypoechoic pattern char-
acterized by perfusion defects.36 In contrast, the majority 
(69.2%) of well-differentiated HCCs had an isoechoic pat-
tern, which was consistent with the histology of the HCC cat-
egory.36

The American College of Radiology launched the Liver 
Imaging Reporting and Data System (LI-RADS) for CEUS in 
2016.37 This system utilizes SonoVue (Bracco Imaging SpA, 
Milan, Italy) as a contrast agent to classify hepatic nodules 
based on their size, pattern of arterial phase enhancement, 
type of clearance, and duration between enhancement and 
clearance. The system categorizes nodules into five types 
(LR-1 to 5) that determine the possibility of HCC and the 
LR-M category that indicates probable malignancy without 
specificity (Supplementary Fig. 2). In 2017, CEUS incorpo-
rated a revised edition of LI-RADS to enhance diagnostic effi-
ciency. Notably, the LI-RADS system proposed by the Ameri-
can College of Radiology provides a distinct algorithm with 
auxiliary imaging capabilities for ultrasound screening and 
surveillance of HCC, as well as for the diagnosis of non-HCC 
malignancy and large vessel invasion, which surpasses previ-
ously established diagnosis. Although supporting evidence is 
still limited, it has significant potential to enhance the detec-
tion and characterization of hepatic nodules.

Vascular invasion is a common feature of HCC. Microvas-

cular invasion (MVI) is usually detected by postoperative 
pathology, and when observed in pathological tissues it of-
ten indicates the progress of HCC. MVI is known to indicate 
the risk of recurrence and prognosis of HCC, even though its 
definition in HCC has yet to be standardized. Owing to the 
strong diagnostic performance of CEUS in HCC, an increasing 
number of studies have explored its potential in the diagnosis 
of MVI. A study developed a CEUS nomogram for predict-
ing pre-operative MVI in HCC. The investigators compared 
it with a nomogram based on gadopentetate dimeglumine-
enhanced MRI (commonly referred to as Gd-MRI) and veri-
fied that it was a reliable tool for predicting MVI in HCC with 
a predictive performance equal to that of Gd-MRI.38 An ul-
trasound-based radiomics score for pre-operative prediction 
of MVI in HCC developed in another study was found to be 
an independent predictor.39 Another study used CEUS-based 
radiomics and deep convolutional neural network models as 
noninvasive predictors of MVI status in HCC (Fig. 2).40 CEUS 
predicted poor prognosis of patients, which is of great signifi-
cance for developing treatment strategies. In clinical prac-
tice, surgeons examine pathological tissue after liver cancer 
resection to detect MVI. This process relies on the examina-
tion and analysis of pathological tissue. However, if CEUS can 
successfully predict MVI and gain consensus among experts, 
it would be a significant innovation.

However, CEUS has some limitations. Firstly, inter-observ-
er and intra-observer differences can always arise during the 
diagnosis of HCC using CEUS given the operator-dependent 

Fig. 2.  Progress in predicting microvascular invasion in hepatocellular carcinoma using contrast-enhanced ultrasound. (A) A flow chart of a radiomic 
model for predicting MVI status in HCC patients and the study of radiomic workflow. (B) The use of artificial intelligence to help radiologists identify malignant and 
focal liver lesions using contrast-enhanced ultrasound. (C) A nomogram of contrast-enhanced ultrasonography - liver imaging reporting model and clinical parameters 
predicting MVI in patients with liver cancer. AFP, alpha fetoprotein; AI, artificial intelligence; BM, B-mode; AP, artery phase; PVP, portal venous phase; DP, delay phase; 
HCC, hepatocellular carcinoma; MVI, microvascular invasion.
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nature. Secondly, use of ultrasound is restricted in patients 
with severe obesity, air in the intestine, or heterogeneous 
cirrhosis. Thirdly, ultrasound findings are often insufficient 
in cases with deep, subdiaphragmatic, and multiple lesions. 
Finally, its ability to visualize the entire liver is also limited. 
Fortunately, implementing standardized protocols and using 
safe, stable contrast agents has strengthened the reproduc-
ibility and dependability of CEUS.

Ultrasound combined with other new techniques in 
the diagnosis of HCC
The primary dispute regarding CEUS is its limited universal-
ity in interpreting real-time imaging by different readers. 
The development of computer-aided diagnostic (CAD) sys-
tems and artificial intelligence (AI)-assisted identification has 
been proved to have remarkable capabilities to address this 
challenging issue. CAD has the potential to augment the di-
agnostic effectiveness of clinical physicians, and computer 
analysis results can provide clinicians with secondary refer-
ence opinions, which enhance the consistency of image inter-
pretation by healthcare providers. A recent study has proven 
the potential of CEUS with CAD systems to identify poorly 
differentiated liver cancers including HCC. The results offer 
substantial promise for hepatologists to improve the diag-
nostic ability to distinguish among three levels of tissue dif-
ferentiation in HCC.41 The technique may also assist in the 
noninvasive assessment of the malignancy level of liver can-
cer in the context of personalized medicine.

Deep learning models can learn predictive features direct-
ly from raw image pixels, eliminating the need for subjective 
feature engineering required in traditional machine learning. 
They have a higher tolerance for variation and noise in data. 

Some studies reported that AI strategies based on CEUS re-
sulted in better performance of the healthcare provider and 
decreased inter-observer variability when distinguishing HCC 
from other tumor-related or benign conditions. In one study, 
Hu et al.42 developed an AI system based on CEUS to dif-
ferentiate between benign and malignant liver focal lesions. 
The diagnostic performance of the AI system was superior to 
that of radiologists. A study by Liu F et al.43 used radiomics 
modeling to classify the progression-free survival (PFS) of 
different treatment groups with two radiomic features, radi-
ofrequency ablation (RFA) and surgical resection (SR), that 
enabled personalized 2-year PFS predictions, which indicated 
that radiomics based on CEUS can optimize curative treat-
ment of patients with early-stage HCC.

Evaluation of treatment effect
Early-stage HCC is primarily recommended for curative 
surgical resection. However, even with this treatment, HCC 
has a recurrence rate of 12% after 5 years. Unfortunately, 
the majority of patients with HCC are initially diagnosed at 
intermediate or advanced stages, which deprives them of 
the opportunity of curative resection. Recent noteworthy 
advances in the systemic treatment of HCC, local admin-
istration of TACE, hepatic arterial infusion chemotherapy, 
selective internal radiation therapy, stereotactic body ra-
diation therapy, and ablation techniques including RFA and 
microwave ablation (MWA). Systemic drug treatment in-
cludes molecular targeted therapies and immunotherapy. 
In addition to diagnostic and surveillance functions, CEUS 
has been used to evaluate locoregional treatments such 
as RFA and TACE in patients with HCC (Fig. 3). CEUS can 
assess the efficacy of these interventions by identifying al-

Fig. 3.  Assessment of treatment efficacy and adjunct therapy in hepatocellular carcinoma patients based on ultrasound. (A) Ultrasound monitoring images 
of patients with HCC (arrow) 3 months after sorafenib treatment. (B) Ultrasound-guided surgical procedure of patients with recurrent HCC (arrowhead). (C) Ultrasound 
images of nodules of patients with HCC undergoing transcatheter arterial chemoembolization. Circles are the preoperative lesion, and asterisk is the postoperative le-
sion. (D) Results of ultrasound monitoring 1 year after liver transplantation, showed good liver growth. HCC, hepatocellular carcinoma.
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terations of tumor vascularization and detecting residual or 
recurrent tumors.

Assessment of targeted therapy and immunotherapy
The insidious progression of HCC often leads to a delayed 
diagnosis at an advanced stage, necessitating the reliance on 
systemic treatments such as targeted therapy, chemothera-
py, and immunotherapy. Recent studies of tumor molecular 
signaling pathways and microenvironments have highlighted 
targeted therapy as the pivotal point for the management 
of late-stage HCC. Sorafenib was approved in 2007 as the 
first drug for systemic treatment of HCC. This anti-angiogenic 
drug targets endothelial cells rather than tumor cells, thereby 
inhibiting the formation of tumor microvessels without caus-
ing significant clinical alterations in tumor size. The efficacy of 
sorafenib treatment is influenced by the incidence of severe 
adverse events. As it is vital to promptly assess the effective-
ness of targeted drug therapy, CEUS might serve as a valu-
able early predictor of sorafenib treatment effectiveness in 
patients with advanced liver cancer. CEUS has been shown to 
accurately image tumor blood supply and perfusion, to reflect 
the influence of targeted drug therapy on the tumor microen-
vironment, helped to predict tumor response to drugs, to im-
prove the accuracy of predicting PFS and overall survival.26,44 
Previous studies consistently demonstrated that CEUS could 
predict the efficacy of drugs that target angiogenesis at an 
early stage, which is a reference important for the precise 
treatment of liver cancer and possibly prolonging life.44,45

Assessment of ablation therapy
Thermal ablation is the preferred nonsurgical treatment option 
for HCC patients with Barcelona Clinic Liver Cancer (BCLC) 
0-A stage. Promising results have been achieved with tech-
niques such as MWA and RFA.46 Within a week or month after 
RFA, CEUS had a sensitivity exceeding 80% and an almost 
perfect specificity (100%) for assessing the response to RFA. 
However, in certain instances, the immediate assessment of 
the effectiveness of RFA therapy during the interventional 
procedure is necessary for prompt retreatment. CEUS with 
its unique temporal and spatial resolution, as well as its port-
ability, can effectively facilitate this process while significantly 
reducing incomplete ablation following initial treatment.47,48 
Furthermore, there is evidence suggesting that the fusion of 
3D-CEUS is a feasible and accurate tool for evaluating the im-
mediate efficacy of thermal ablation in HCC patients. Recent 
studies have used a novel single-modal fusion imaging tech-
nique that employed 3D-CEUS to assess the ablation borders 
following MWA of HCC, achieving a success rate of >95% in 
image fusion. The performance. of 3D-CEUS fusion has been 
excellent in terms of time efficiency and a success rate con-
sistent with contrast-enhanced CT fusion.49

Assessment of TACE
TACE is a minimally invasive treatment for patients with 
HCC at the BCLC B stage. It involves the administration of a 
combination of chemotherapy and embolic agents through a 
catheter into the blood vessels of the tumor, including the he-
patic artery and its branches. It can also be used for BCLC A 
stage patients and for downgrading or palliative treatment of 
BCLC C stage patients.50 Enhanced CT and MRI evaluations 
are usually conducted 4 weeks after TACE to diminish arte-
rial phase hyperenhancement caused by inflammation and 
congestion in and around the tumor following ablation, and 
eliminating the iodized oil artifact observed in CT scans. This 
delay in retreatment, normally lasting 6–8 weeks, impacts 
patients who have undergone incomplete ablation. CEUS can 

identify treated lesions in less than 4 weeks. After successful 
TACE treatment of liver masses, CEUS images show specific 
characteristics such as well-defined margins, absence of in-
ternal blood flow throughout the enhancement stage, and 
lack of peripheral nodular enhancement. Unlike CT and MRI, 
CEUS is rarely affected by iodized oil deposition artifacts, and 
can differentiate viable tumors from postoperative inflamma-
tion. Relevant studies have demonstrated that CEUS is able 
to detect viable tumors 4–6 weeks earlier than CT and MRI 
for assessment of TACE treatment response. This result has 
significant importance for the disease management of HCC 
patients.

Assessment of transarterial radioembolization
Transarterial radiation embolization is the recommended 
treatment for HCC patients with stage B BCLC. The Y-90 iso-
tope generates pure beta radiation as it decays to stable Y-90 
with a half-life of 64 h, effectively eliminating cancerous cells 
and achieving the treatment objective.51,52 It has been ob-
served that CEUS is able to detect changes in tumor blood 
perfusion as early as 1 week after treatment. Furthermore, 
early alterations in tumor vasculature and hemodynamics 
have a strong association with long-term CT or MRI findings 
3–4 months after treatment. The aforementioned advantag-
es of temporal resolution, cost effectiveness, and accessibil-
ity position CEUS as an ideal method for monitoring the liver 
cancer response to transarterial radiation embolization.

Liver transplantation
Although the indications for CEUS in in-situ liver transplanta-
tion have not been fully validated by large multicenter stud-
ies, its use is progressively increasing in specialized centers. 
The purpose of preoperative imaging for liver transplantation 
is to select appropriate candidates for in-situ liver transplan-
tation by excluding contraindications such as HCC or extrahe-
patic malignancies, while also evaluating the patency of the 
hepatic vascular and biliary systems alongside anatomical 
variations.53 CEUS is a potential diagnostic tool for assessing 
focal liver lesions and portal vein thrombosis prior to surgery. 
Prompt identification and management of various complica-
tions that may occur following in-situ liver transplantation 
are crucial to ensure graft longevity and optimal function-
ality, particularly when they manifest shortly after surgery. 
CEUS has a key role in the surveillance of postoperative com-
plications, but its use is currently limited to specific instances 
identified by CT or MRI, where it is an adjunct diagnostic 
tool for problem-solving purposes. Its primary objective is to 
function as a reliable and integrated initial screening proce-
dure to avoid potential complications.54,55

Summary
In general, ultrasonography is a valuable imaging technique 
for diagnosis, surveillance, and management of liver tumors 
and provides reliable information for clinicians and radiolo-
gists. Compared with other imaging modalities, its noninva-
siveness, absence of radiation exposure, ease-of-use, cost 
effectiveness, minimal renal burden, and real-time imaging 
make it an appealing option for assessing liver lesions in 
clinical practice, particularly in patients with liver cirrhosis or 
undergoing locoregional treatment.

Previous reviews focused on the diagnostic use of ultra-
sound in HCC or its assistive role in treatment. They did 
not link the ultrasound techniques or provide a unified ex-
planation of the selection and uses of different ultrasound 
techniques throughout the entire diagnostic and treatment 
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process of HCC. This review comprehensively covers the use 
of ultrasound for screening, diagnosis, staging, monitoring, 
adjunctive therapy, and prognosis of HCC. The advantages 
and disadvantages of different ultrasound stages and tech-
niques are discussed following the sequence of patient evalu-
ation from diagnosis to treatment, along with corresponding 
adjunctive measures or alternative technologies to help cli-
nicians choose among. available ultrasound techniques. We 
also review the latest ultrasound advances described in HCC 
studies, including imagingomics, AI, and others. These tech-
nological developments enable a more precise and efficient 
application of ultrasound in HCC. For example, imagingomics 
analyzes big data and pattern recognition to extract valu-
able information from a large number of ultrasound images, 
assisting physicians in more accurately diagnosing and stag-
ing HCC. AI, on the other hand, enhances the interpretation 
and diagnostic accuracy of ultrasound images by machine 
learning and deep learning algorithms. It also increases the 
speed of image analysis, providing more reliable evidence for 
clinical decision-making. These latest advancements continu-
ously increase the benefit of ultrasound technology in the 
management of HCC, making it an indispensable tool.

However, there are several limitations of ultrasound in the 
diagnosis and treatment of HCC. Firstly, accurate interpreta-
tion of the results relies heavily on the expertise and ex-
perience of the examiner. Secondly, lack of standardization 
across centers and modalities may be attributed to insuf-
ficient high-quality studies. Thirdly, advantages of ultrasound 
relative to other noninvasive imaging techniques are not 
complete as far as detecting complications such as thrombi 
in patients with HCC. Furthermore, there is a dearth of novel 
contrast agents, contrast-specific imaging modalities, and 
analytical methods. Therefore, it is imperative to acknowl-
edge that CEUS can often only serve in clinical practice as 
an adjunctive approach alongside other noninvasive tech-
niques. Moreover, it is advisable to carry out the procedure 
under the guidance of experienced operators to ensure the 
reproducibility of data. Future investigations should focus on 
improving image quality for perfusion imaging, and exploring 
standardized protocols for forthcoming studies.

In this context, future research on the application of ul-
trasound in HCC might proceed by (1) incorporating inter-
national large-scale settings with cohorts from diverse back-
grounds to obtain more comprehensive data on ultrasound 
imaging, especially CEUS in HCC management, (2) compar-
ing and analyzing various ultrasound imaging methods, op-
timizing and integrating various imaging models to provide 
accurate biological information for the diagnosis and treat-
ment of HCC, (3) actively promoting collaborative research 
by industry, universities, and scientific institutions, along 
with enhancing the development of new contrast agents and 
contrast-specific imaging methods, and (4) giving full play to 
the advantages of an AI algorithm, improve the quality and 
interpretability of images, and enhance the ability of diagno-
sis and evaluation of liver tumors.
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