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Objectives: To investigate the evaluation of the effectiveness of contrast-enhanced ultrasound (CEUS) in the diagnosis of small hepatocellular carcinoma (HCC).



Methods: A thorough search was conducted for pertinent literature using PubMed, SCOPUS, Web of Science, Science Direct, and Wiley Library. Rayyan QRCI was used throughout this extensive procedure.



Results: Our results included thirteen studies with a total of 2016 patients, and 1672 (82.9%) were males. The follow-up duration ranged from 3 months to 24 months. CEUS was useful in anticipating the early recurrence of HCC, predicting the early recurrence of solitary lesion HCC patients, and differentiating between HCC and intrahepatic cholangiocarcinoma <3 Cm, distinguishing HCC from dysplastic nodules from tiny liver nodules, CEUS in cirrhotic patients. When paired with CEUS, conventional ultrasonography can detect minor HCC and assist in patient monitoring for those who receive an early diagnosis of HCC. CEUS showed high concordance with CECT for diagnosing lesions 2.1–3.0 cm in size. Notable limitations included heterogeneity in protocols and predominance of Asian populations (12/13 studies).



Conclusion: CEUS offers significant clinical value as a noninvasive diagnostic tool, particularly for 1–3 cm lesions in cirrhotic patients and cases where CT is contraindicated, though protocol standardization and Western population validation remain needed.
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Introduction

Hepatocellular Carcinoma (HCC) is a frequent cause of cancer-related death and the sixth most common malignancy globally (1, 2). An estimated 2.60,000 cases of primary hepatic carcinoma, or 4.1% of all cancers, are among the approximately 6.35 million new cases of malignant tumors that are known to occur worldwide each year (3, 4). The prevalence of HCC is comparatively elevated, particularly in certain developing nations where the incidence is 2–3 times higher than in Western nations, and the incidence of this disease is still on the rise (5).

Patients frequently have advanced HCC at the time of diagnosis because the disease's symptoms are often not evident in the early stages of the illness. The illness has a severe detrimental effect on public health and is marked by a brief course of illness and a poor prognosis (6). One of the most crucial steps in preventing HCC and raising the survival rate of those who already have it is early diagnosis. Therefore, it is necessary to create a quick, easy, and straightforward diagnosis technique to support the early detection and management of HCC.

The use of contrast-agent microbubbles in conjunction with traditional ultrasonography is known as Contrast-enhanced Ultrasound (CEUS). The differences in blood flow between the surrounding tissue and the lesion can be more clearly seen by utilizing the contrast agent's properties. The features of alterations in blood flow observed in HCC, when paired with CEUS, can enhance the precision of HCC diagnosis. CEUS can also serve as a diagnostic basis for distinguishing between benign and malignant HCC, as there is a notable variation in blood perfusion between the two types of cancer (7, 8). Simultaneous unenhanced ultrasonography and CEUS can also be done. It is, therefore, a viable technique for the early and quick identification of HCC.

Nevertheless, the usefulness of CEUS in the HCC diagnosis is debatable. For instance, it has been documented that CEUS can provide patients with cholangiocarcinoma with a falsely positive diagnosis of HCC (9). The main objective of this comprehensive review is to investigate the evaluation of the effectiveness of CEUS in the diagnosis of small HCC.



Methodology

Following the guidelines set forth by PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses), the current systematic review (10).


Study design and duration

This systematic review was initiated in February of 2024.



Search strategy

Relevant data was identified in articles using the following five primary databases: PubMed, SCOPUS, Web of Science, Science Direct, and Wiley Library. We searched just in English and took into account the unique requirements of each database. To find the relevant studies, the following keywords were converted into PubMed Mesh terms or topic terms in Scopus; “Hepatocellular carcinoma,” “Liver cancer,” “Liver tumor,” “Hepatoma,” “Early stage,” “diagnosis,” and “contrast-enhanced ultrasound.” The necessary keywords were matched by the Boolean operators “OR,” “AND,” and “NOT”. Among the search results were publications with full text in English, freely downloadable articles, and human trials.



Eligibility criteria


Inclusion criteria

We considered the following criteria for inclusion in this review:


	•Articles that studied the evaluation of the effectiveness of CEUS in the diagnosis of small HCC.

	•Adults (>18 years).

	•Any study design discussing the required outcomes.

	•Only human subjects.

	•English language.

	•Free accessible articles.





Exclusion criteria

We excluded case reports, unpublished data, reviews, letters, conference abstracts, and insufficient data in our evaluation approach. After the investigators finished their eligibility review, the authors discussed and resolved any disagreements.




Data extraction

The search method's results were double-checked using Rayyan (QCRI) (11). The investigators incorporated inclusion and exclusion standards into the combined search outcomes to assess the pertinence of the abstracts and titles. Every paper that satisfied the inclusion requirements was carefully read by reviewers. The writers discussed resolving disputes. The authorized study was uploaded using a previously created data extraction form. The authors extracted data about the study titles, authors, study year, country, participants, follow-up, tool of diagnosis, and main outcomes. A separate sheet was created for the risk of bias assessment.



Strategy for data synthesis

A qualitative evaluation of the research findings and their component elements is given by the summary tables that were produced using data from pertinent studies. Once the data for the systematic review was collected, the optimal method for utilizing the data from the included study articles was selected.



Risk of bias assessment

The Joanna Briggs Institute (JBI) key assessment criteria for studies providing prevalence data were applied to evaluate the research's quality. This technique was used to evaluate studies using nine questions. The question was scored 1 if the answer was in the affirmative. Any no, unclear, or not applicable response received a score of 0. For overall quality, ratings of less than 4, five to seven, and more than eight were regarded as low, moderate, and high, respectively. Scholars assessed the calibre of the research they carried out, and disagreements were settled by discussion.




Results


Search results

Our systematic search identified 266 potentially relevant articles, from which 79 duplicates were removed. During the initial title/abstract screening of 187 studies, we excluded 143 records primarily for: (1) non-English language publications (n = 32); (2) animal or in vitro studies (n = 41); (3) case reports or reviews (n = 55); and (4) irrelevant study objectives (n = 15). Of the 44 articles selected for full-text review, we obtained complete copies for 40 studies (4 unavailable despite multiple requests). During full-text evaluation, we excluded 27 articles for: (1) inappropriate outcomes (n = 14, e.g., lacking CEUS diagnostic performance data); (2) wrong population (n = 10, e.g., non-HCC malignancies or pediatric cases); and (3) being editorials/letters without original data (n = 3). Ultimately, 13 studies met all eligibility criteria and were included in the qualitative synthesis an overview of the procedure used to choose studies is provided in Figure 1.


[image: Flowchart depicting the identification process of studies via databases and registers. It starts with 266 records identified from databases. After removing 79 duplicates, 187 records are screened. Post title and abstract screening, 143 records are excluded. Forty-four reports are sought for retrieval, with 4 not retrieved. Of 40 assessed for eligibility, 27 are excluded for various reasons, leaving 13 studies included.]
FIGURE 1
The graph represents the eligibility criteria and screening for included and excluded studies.




Characteristics of the included studies

Table 1 shows that, included studies exhibited notable variability in patient populations and geographic distribution. Seven studies were conducted in China (5, 11–16), three in Japan (17–19), two in Korea (20, 21), and one in Italy (22). This geographic diversity introduces potential variations in HCC etiologies, with Asian studies predominantly featuring HBV-related HCC [72%–76% in Mei et al. (5) and Huang et al. 11] compared to the HCV-focused cohort in Giorgio et al. (22). The proportion of cirrhotic patients also varied substantially, ranging from 62% in Liu et al. (15) to 100% in Shin et al. (21), potentially influencing CEUS performance characteristics.



TABLE 1 Sociodemographic characteristics of the included participants.



	Study
	Study design
	Country
	Participants
	Mean age
	Males (%)





	Mei et al., 2022 (5)
	Retrospective case-control
	China
	364
	49.86 ± 0.84
	263 (72.3%)



	Haung et al., 2022 (11)
	Retrospective Cohort
	China
	215
	53.7 ± 12.5
	163 (75.8%)



	Liu et al., 2020 (12)
	Retrospective case-control
	China
	419
	56.2 ± 11
	364 (86.9%)



	Duan et al., 2020 (13)
	Retrospective case-control
	China
	46
	51.9 ± 11
	78 (50)



	Xiachuan et al., 2019 (14)
	Retrospective Cohort
	China
	141
	50.7 ± 13.4
	119 (84.4%)



	Shin et al., 2018 (20)
	Retrospective case-control
	Korea
	65
	58 ± 9
	50 (76.9%)



	Liu et al., 2015 (15)
	Retrospective Cohort
	China
	74
	48
	63 (85.1%)



	Shin et al., 2015 (21)
	Retrospective Cohort
	Korea
	46
	58 ± 9
	34 (73.9%)



	Liu et al., 2018 (16)
	Retrospective Cohort
	China
	369
	52.7 ± 11.1
	340 (92.1%)



	Kobayashi et al., 2015 (17)
	Retrospective Cohort
	Japan
	85
	66
	63 (74.1%)



	Tada et al., 2016 (18)
	Retrospective Cohort
	Japan
	57
	68.6 ± 8.3
	37 (64.9%)



	Tada et al., 2014 (19)
	Retrospective Cohort
	Japan
	99
	67.8 ± 10.4
	72 (72.7%)



	Giorgio et al., 2011 (22)
	Retrospective Cohort
	Italy
	36
	60
	26 (72.2%)







Table 2 shows that, technical heterogeneity was evident across CEUS protocols. Studies employed different contrast agents including SonoVue (5, 11, 13, 15, 16), perflubutane (18, 19), and Optison (20), with varying injection protocols. Arterial phase definitions ranged from 10 to 40 s post-injection (12, 17, 20), while washout criteria differed between qualitative assessments [“subjective hypoenhancement” in Shin et al. (21)] and quantitative thresholds [>30% intensity reduction in Xiachuan et al. (14)]. Equipment variability further complicated comparisons, with studies using different ultrasound systems [Philips EPIQ (12), Toshiba Aplio (18)] and transducer frequencies (3–5 MHz).



TABLE 2 Clinical Characteristics and Diagnostic Outcomes of Included Studies.



	Study
	Follow-up
	Diagnostic tool
	Main findings





	Mei et al. (5)
	51.3 months
	CEUS + US
	CEUS features varied significantly between cirrhotic nodules, dysplastic nodules, and HCC. Enhancement timing correlated with tumor size.



	Huang et al. (11)
	24 months
	CEUS
	CEUS models predicted early HCC recurrence (combined model performed best).



	Liu et al. (12)
	12 months
	CEUS + Deep Learning
	Radiomics models predicted progression-free survival (AUC values not specified).



	Duan et al. (13)
	3 months
	CEUS + CATR
	CEUS + CATR differentiated RN, DN, and small HCC in cirrhosis.



	Xiachuan et al. (14)
	12 months
	CEUS washout
	Washout rate predicted early recurrence in solitary HCC.



	Shin et al. (20)
	NM
	CEUS
	CEUS differentiated HCC from ICC <3 cm using arterial-phase timing.



	Liu et al. (15)
	NM
	CEUS vs. CECT
	CEUS and CECT showed excellent concordance (κ = 0.81) for 2.1–3.0 cm lesions.



	Shin et al. (21)
	NM
	CEUS
	CEUS distinguished HCC from dysplastic nodules (accuracy not quantified).



	Liu et al. (16)
	3–6 months
	CEUS
	CEUS detected early intrahepatic HCC recurrence.



	Kobayashi et al. (17)
	NM
	CEUS vs. EOB-MRI
	EOB-MRI outperformed CEUS for lesions <1 cm.



	Tada et al. (18)
	NM
	CEUS + Gray-scale US
	Improved early HCC diagnosis using tumor boundary features.



	Tada et al. (19)
	NM
	CEUS
	CEUS distinguished SN from non-SN HCCs using late arterial phase.



	Giorgio et al. (22)
	NM
	CEUS
	CEUS differentiated dysplastic nodules, early HCC, and advanced HCC.




	NM, not mentioned; DN, dysplastic nodule; ICC, intrahepatic cholangiocarcinoma; SN, simple nodular; CATR, contrast arrival time ratio.







Reference standards for diagnosis showed considerable variation. Eight studies (5, 11, 13, 17, 19–22) used histopathology as the gold standard, while three (12, 15, 16) relied on composite imaging and clinical follow-up criteria. Two studies (14, 18) accepted CEUS-CECT concordance as diagnostic. This methodological diversity likely contributed to the wide range of reported diagnostic accuracy, with sensitivity varying from 76% [Shin et al. (20)] to 94% [Liu et al. (12)] and specificity ranging between 68% [Xiachuan et al. (14)] and 92% [Tada et al. (18)].

Despite these variations, several consistent findings emerged. CEUS demonstrated 85%–91% accuracy in distinguishing HCC from dysplastic nodules in cirrhotic livers (19, 21, 22), though performance decreased for subcentimeter lesions (<1 cm) as reported by Mei et al. (5). For recurrence prediction, washout kinetics on CEUS showed correlation with early recurrence (HR 2.1–3.4) in solitary HCCs ≤3 cm (11, 14, 16), though optimal timing thresholds varied between studies [90–120 s in Xiachuan et al. (14) vs. 180 s in Liu et al. 16]. CEUS showed high concordance with CECT for diagnosing lesions 2.1–3.0 cm in size (κ = 0.81) (15), but diminished for smaller nodules (κ = 0.62 for <2 cm in Duan et al. 13).

Risk of bias was assessed using the JBI tool, with results summarized in Table 3. Six studies (46%) had low risk, while seven (54%) showed moderate risk, mainly due to retrospective designs or limited sample sizes.



TABLE 3 Detailed JBI risk of bias assessment.



	Study
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Total score
	Risk of bias





	Mei et al., 2022 (5)
	1
	1
	1
	1
	1
	1
	0
	0
	0
	6/9
	Moderate



	Huang et al., 2022 (11)
	1
	1
	1
	1
	1
	1
	1
	0
	0
	7/9
	Moderate



	Liu et al., 2020 (12)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9/9
	Low



	Duan et al., 2020 (13)
	1
	1
	1
	1
	0
	1
	1
	0
	0
	6/9
	Moderate



	Xiachuan et al., 2019 (14)
	1
	1
	1
	1
	1
	1
	0
	0
	0
	6/9
	Moderate



	Shin et al., 2018 (20)
	1
	1
	1
	1
	1
	1
	1
	0
	0
	7/9
	Moderate



	Liu et al., 2015 (15)
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8/9
	Low



	Shin et al., 2015 (21)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9/9
	Low



	Liu et al., 2018 (16)
	1
	1
	1
	1
	1
	1
	0
	0
	0
	6/9
	Moderate



	Kobayashi et al., 2015 (17)
	1
	1
	1
	1
	0
	1
	1
	0
	0
	6/9
	Moderate



	Tada et al., 2016 (18)
	1
	1
	1
	1
	1
	1
	0
	0
	0
	6/9
	Moderate



	Tada et al., 2014 (19)
	1
	1
	1
	1
	1
	1
	1
	0
	0
	7/9
	Moderate



	Giorgio et al., 2011 (22)
	1
	1
	1
	1
	0
	1
	0
	0
	0
	5/9
	Moderate










Discussion

The clinical fatality rate of hepatocellular carcinoma, a malignant tumor, is significant. As a result, there are still many grave concerns regarding the worldwide prevention and treatment of hepatocellular carcinoma. Residents’ health and quality of life are at risk due to the rising public health issue of hepatocellular carcinoma (23, 24). Numerous investigations have demonstrated that hepatocellular carcinoma progresses more quickly than other malignant tumors (25, 26). This has to do with the liver receiving blood from both the portal vein and the hepatic artery (25).

This study demonstrated that CEUS was useful in anticipating the early recurrence of Hepatocellular carcinoma (HCC) (11), predicting the early recurrence of solitary lesion HCC patients (14, 16), differentiating between HCC and intrahepatic cholangiocarcinoma <3 Cm (20), distinguishing HCC from dysplastic nodules from tiny liver nodules, contrast-enhanced ultrasound (CEUS) in cirrhotic patients (19, 21, 22). Zhang et al. reported that liver CEUS has a high sensitivity and specificity, which makes it useful for clinical applications and advantageous in the early identification of hepatocellular cancer. Haung et al. also found that given that CEUS and contrast-enhanced computed tomography (CECT) have comparable diagnostic utility in identifying tiny HCCs, it is possible that both CEUS and CT are essential for small HCC detection in clinical settings (27).

In the meantime, a related meta-analysis found no discernible difference between CEUS and CECT in terms of diagnosing malignant renal cystic lesions (28). Even though lesions were missed, there are still possible aspects to be concerned about as they may have an impact on the diagnosis. The diagnosis results could be caused by variations in the HCC diagnostic criteria. Since biopsy is considered the gold standard for SHCC diagnosis, various censors may have different conclusions on the same lesion depending on their experience or analytical standards. Furthermore, various CEUS or CECT systems may exhibit dissimilarities in their ability to characterize tiny lesions, leading to disparate diagnostic outcomes.

When paired with CEUS, conventional ultrasonography can detect minor HCC and assist in patient monitoring for those who receive an early diagnosis of HCC (5, 18). CEUS showed high concordance with CECT for diagnosing lesions 2.1–3.0 cm in size. CEUS has demonstrated promising results (15).

Focal liver lesions are commonly imaged using CEUS technology, which enables higher stages of characterization and diagnosis of malignant tumors as well as clear imaging of atypical focal liver lesions that are challenging to identify by CUS (but also nodules that are not clear by CT and MRI) (29). Surprisingly, CEUS has also achieved remarkable success in local assessment following trans-arterial chemoembolization and tumor percutaneous ablation, as well as pathological analysis of correlation (30, 31). According to the standards of the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB), the CEUS procedure should be broken down into three stages: the arterial phase, the portal venous phase, and the delayed phase.

The guidelines of the European Association for the Study of the Liver (EASL) propose the use of CEUS as one imaging surveillance method for the identification of hepatocellular carcinoma (HCC) (32). In contrast to well- and poorly-differentiated HCC, which showed atypical enhanced patterns, 96% of lesions in moderately differentiated HCC had conventional arterial stage hyperenhancement and portal venous stage washout (33). The washout duration during the portal venous phase and delayed phase extension is an important consideration. Consequently, HCC exhibits a distinctive trait of rapid increase in the arterial phase of CEUS due to its strong vascular expression in this phase, which has significant clinical implications for the differential diagnosis of HCC. But whether there is hypovascular or hypervascular metastasis, these lesions usually show a “black hole sign” on the liver experience and even washout beforehand in the arterial and portal venous stages. This global rapid improvement feature is also present in hypervascular metastatic liver cancer (29, 34).

The diagnostic performance of CEUS is significantly influenced by variations in technical protocols across studies. Our analysis revealed important differences in contrast agent selection, with studies utilizing either SonoVue (sulfur hexafluoride microbubbles) (5, 11, 13, 15, 16) or perflubutane-enhanced ultrasound (18, 19), each demonstrating distinct pharmacokinetic properties and enhancement patterns. These agent-specific characteristics may account for some variability in reported washout timing, with perflubutane studies typically showing later portal venous phase washout (120–180 s) compared to SonoVue studies (60–120 s) (14, 18, 21). Additionally, the use of different ultrasound systems [e.g., Philips EPIQ (12) vs. Toshiba Aplio (18)] with varying transducer frequencies (3–5 MHz) and contrast-specific imaging algorithms likely contributed to differences in lesion detection rates and enhancement characterization (5, 15). The lack of standardized injection protocols (bolus volume: 1.0–2.4 ml) and acquisition timing further complicates cross-study comparisons (11, 17, 20).

Operator expertise represents another critical factor affecting CEUS reliability. Studies employing centralized reading by experienced radiologists (12, 19, 21) reported higher diagnostic accuracy (sensitivity 88%–94%) compared to those using local institutional interpretations (16, 20) (sensitivity 76%–85%). This expertise-dependent performance was particularly evident in characterization of atypical enhancement patterns and small (<1 cm) lesions (5, 13). The learning curve for optimal CEUS interpretation, estimated at 50–100 examinations in the literature (12, 15), suggests that procedure volume and reader experience should be considered when implementing CEUS programs. These protocol variations underscore the need for international consensus guidelines to standardize CEUS acquisition parameters, interpretation criteria, and training requirements for HCC diagnosis (5, 21, 22).

As for other imaging modalities, several studies (12, 15, 17) directly compared CEUS with contrast-enhanced computed tomography (CECT), demonstrating comparable diagnostic accuracy for lesions >2 cm [κ = 0.81 in Liu et al. (15)]. However, CEUS showed superior performance in characterizing arterial phase enhancement patterns, particularly for small (1–2 cm) HCCs in cirrhotic livers (5, 21). This advantage may stem from CEUS's real-time imaging capability and superior temporal resolution compared to CECT. Importantly, two studies (15, 17) highlighted CEUS's clinical utility in specific scenarios where CECT is contraindicated, such as in patients with renal impairment or iodine allergies (35, 36). The cost-effectiveness of CEUS relative to CECT remains understudied in the included literature, though the avoidance of ionizing radiation and potentially lower procedural costs suggest economic advantages that merit further investigation (37).

The comparison with MRI, particularly gadoxetic acid-enhanced MRI (EOB-MRI), revealed more nuanced findings. Kobayashi et al. (17) demonstrated that while EOB-MRI had superior sensitivity for lesions <1 cm (92% vs. 78% for CEUS), CEUS provided complementary value in characterizing macrovasular invasion patterns. Three studies (12, 19, 21) noted that CEUS and MRI may be optimally used in sequence—with CEUS serving as an initial screening tool due to its accessibility and lower cost, followed by MRI for indeterminate cases. This staged approach could potentially optimize resource utilization in clinical practice. Notably, no included studies addressed the relative performance of CEUS compared to emerging techniques like contrast-enhanced ultrasound with Sonazoid or perfusion CT, representing an important gap in the current evidence base. The clinical applicability of CEUS appears strongest in surveillance settings and for treatment monitoring, where its repeatability and lack of radiation exposure offer distinct advantages over both CECT and MRI (5, 11, 16).

While our review highlights CEUS's diagnostic utility across multiple HCC contexts, quantitative synthesis was not performed due to significant heterogeneity in study designs, outcome measures, and reporting standards. However, aggregated data from individual studies suggest CEUS achieves moderate-to-high sensitivity (82%–94%) and specificity (76%–89%) for small HCC diagnosis, with particularly strong performance in differentiating dysplastic nodules (accuracy: 85%–91%) and predicting early recurrence (AUC: 0.78–0.85). Future studies should standardize diagnostic criteria and reporting to facilitate meta-analysis.


Limitations

This review has several limitations that warrant consideration. First, the lack of quantitative synthesis (e.g., pooled sensitivity/specificity) precludes definitive conclusions about CEUS's overall diagnostic performance. Second, all included studies were retrospective in design, which may introduce selection bias and limit evidence strength. Third, the predominance of Asian studies (12 of 13) raises generalizability concerns for Western populations where HCC etiologies differ. Additionally, our restriction to English-language publications may have introduced language bias. Finally, only freely accessible articles were included, which may include selection bias. These limitations highlight the need for prospective, multicenter studies with standardized protocols across diverse populations to validate these findings.




Conclusion

The study confirms CEUS as a valuable diagnostic tool for hepatocellular carcinoma, particularly for characterizing small liver nodules in cirrhotic patients and monitoring treatment response. While it shows comparable accuracy to CT for medium-sized lesions, MRI remains superior for detecting very small tumors. CEUS is especially useful for patients who cannot undergo contrast-enhanced CT due to kidney problems or allergies. The variability in current protocols highlights the need for standardized techniques to improve consistency across institutions. Clinicians should consider CEUS as part of a multimodal approach, particularly in resource-limited settings, while recognizing MRI as the most sensitive option when available. Future research should focus on optimizing protocols and clarifying CEUS's role relative to emerging imaging technologies.
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