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Abstract: Purpose: This study aims to evaluate the potential of multimodal ultrasound techniques in improving
the visibility of liver lesions that are indistinct under conventional ultrasound. Specifically, we will explore the
application of fusion imaging, contrast-enhanced ultrasound (CEUS), and high-frequency ultrasound in
enhancing the visibility of liver masses. These techniques will be utilized to assist in visualizing liver lesions
and to accurately localize them for the purpose of performing percutaneous tissue biopsy. Lastly, we will
compare the biopsy results with the final diagnosis to assess whether multimodal techniques can enhance the
success rate of percutaneous biopsy for liver masses that are not clearly visible under conventional ultrasound.
Furthermore, the potential impact of these techniques on the development of personalized treatment strategies
for patients was also discussed. Materials and Results: A retrospective analysis was conducted on 144 patients
with liver masses who underwent conventional ultrasound examinations at our hospital from October 2018 to
January 2024. These patients had poor visibility on conventional ultrasound, but the tumor location was visible
on abdominal computerized tomography (CT) or magnetic resonance imaging (MRI) scans. We excluded 71
patients who did not undergo percutaneous liver tumor biopsy and 8 patients who remained non-visualized
under multimodal ultrasound. Finally, 95 patients met the inclusion criteria and their clinical and radiological
data were selected for analysis. Computerized tomography or magnetic resonance imaging-ultrasound
(CT/MR-US) fusion imaging was performed in 55 patients, CEUS was conducted in 95 patients, and high-
frequency ultrasound examination was performed in 21 patients. The visibility of the lesions using these three
techniques was evaluated, and the consistency between the biopsy pathology and the final diagnosis was
analyzed. Results: In the study, a total of 39 cases were identified as solitary liver lesions, 34 cases as multiple
lesions, and an additional 23 cases as diffuse hepatocellular carcinoma. Among them, there were 13 cases
(13.7%) of lesions located in the left lobe, 73 cases (76.8%) in the right lobe, and 9 cases (9.4%) at the junction of
the left and right lobes. The average maximum diameter of the lesions was 2.7 cm (ranging from 0.7 cm to 10.0
cm). The detection rates of lesions using CT/MR-US fusion imaging, contrast-enhanced ultrasound (CEUS),
and high-frequency ultrasound examination were 49.1%, 96.8%, and 76.2%, respectively. All patients in the
entire cohort underwent percutaneous ultrasound-guided biopsy after confirming the target location of the
lesions, including 9 patients underwent percutaneous microwave ablation. No severe complications were
observed. The accuracy rate of the biopsies was 91.6%, and the positive concordance rate was 91.1%. The biopsy
pathology included 39 cases of hepatocellular carcinoma (HCC), 16 cases of intrahepatic cholangiocarcinoma
(ICC), 22 cases of metastatic adenocarcinoma, 3 cases of hepatic adenoma (HA), 1 case of vascular sarcoma,
and 1 case of mixed HCC-ICC. Among the 13 patients with negative pathology findings after biopsy, 8 cases
were considered false negatives (based on follow-up laboratory tests and imaging results consistent with
malignant tumor characteristics), resulting in a false negative rate of 8.9%. Conclusions: The application of
multimodal ultrasound technology can significantly improve the success rate of liver lesion biopsies that are
difficult to visualize using conventional ultrasound. Furthermore, it will facilitate the guidance of microwave
ablation therapy for lesions using multimodal ultrasound imaging, enabling collaborative precision treatment
planning for patients with clinical physicians.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

With the continuous development of imaging technology and multimodal ultrasound
techniques, the detection rate and diagnostic accuracy of liver nodules have significantly improved
[1]. However, pathological examination is still necessary for the definitive diagnosis of liver nodules
[2,3]. Percutaneous liver biopsy guided by ultrasound is one of the main methods for obtaining
pathological specimens, and its effectiveness and safety have been confirmed in clinical practice [4,5].

However, liver nodules can be influenced by liver conditions such as hepatitis, cirrhosis, and
fatty liver, as well as factors like lesion location, lung interference, and lesion size, making it difficult
to visualize some lesions or achieve satisfactory imaging results during conventional ultrasound
examinations. To improve the problem, computerized tomography or magnetic resonance -
ultrasound (CT/MR-US) fusion imaging technology, contrast-enhanced ultrasound (CEUS), and
high-frequency ultrasound techniques have been applied [1]. Fusion imaging technology combines
ultrasound with CT/MR images, providing more accurate localization and guidance [6]. CEUS
utilizes the backscattering and nonlinear effects of microbubble contrast agents to achieve real-time
imaging of lesions and their perfusion information [7]. High-frequency ultrasound, using a higher-
resolution linear array transducer, significantly improves image quality and facilitates the
visualization and observation of lesions within the detectable range [8]. Previous studies have
focused on evaluating the success rate of biopsies using ultrasound contrast or fusion imaging
separately. Currently, there is a relative scarcity of research that comprehensively evaluates the
success rate of biopsies using a combination of multiple ultrasound techniques. Therefore, the aim of
this study is to summarize data from patients with non-visualized liver lesions on conventional
ultrasound and, after applying multi-modal ultrasound, re-visualize these lesions and perform
percutaneous liver biopsies. Furthermore, the study aims to explore the value of multimodal
ultrasound techniques in guiding biopsy for liver nodules that are difficult to visualize using
conventional ultrasound.

2. Materials and methods
2.1. Patients

This retrospective study enrolled 144 patients with non-visualized liver masses on conventional
ultrasound from the Nanjing Drum Tower Hospital from October 2018 to January 2024. The following
inclusion criteria were applied: (1) Patients above the age of 18; (2) Presence of liver masses confirmed
by MR or CT imaging; (3) Poor visualization of liver lesions during conventional ultrasound
examinations; (4) Diffuse liver masses with unclear borders, requiring multimodal ultrasound
techniques for correlation with CT/MR findings; (5) Visualization of liver lesions after underwent
CT/MR-US fusion imaging, CEUS, or high-frequency ultrasound examinations; (6) Preoperative
evaluations consistent with indications for liver biopsy. The following exclusion criteria were
applied: (1) Persistence of non-visualized lesions after CT/MR-US fusion imaging, CEUS, or high-
frequency ultrasound examinations; (2) Failure to undergo percutaneous liver biopsy due to various
reasons. After excluded 8 patients with non-visualized lesions under multimodal ultrasound and 71
patients who did not underwent percutaneous liver tumor biopsy, a total of 95 patients meeting the
inclusion criteria were selected for analysis based on their clinical and radiological data (Figure 1).
All patients underwent complete blood routine, liver function test, coagulation test, infectious disease
test, digestive tract test and electrocardiogram (ECG) before operation. Informed of the risks and
potential complications of liver biopsy, and were signed with informed consent.
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144 patients with non-visualized liver masses on
conventional ultrasound, but the mass was
confirmed by CT/MR

| l

Fusion imaging Contrast enhanced High-frequency
ultrasound ultrasound
A total of 136 patients underwent one or more Excluded patients in whom the lesions were
of the aforementioned three examinations, not visualized after undergoing the above
which resulted in the visualization of the lesions three examinations

excluded 71 patients who did not
ynderwent percutaneous liver
tumor biopsy

A total of 95 patients were
included after exclusion criteria

Figure 1. Study analysis patient inclusion flowchart.

2.2. Multimodal Ultrasound Assessment
2.2.1. Conventional Ultrasound and Fusion Imaging Methods

Conventional examination was peformed using a GE LOGIQTM E9 machine (GE Healthcare,
USA) with a 1-5 MHz convex probe. We first assessed the liver condition, evaluated the presence of
hepatitis or liver cirrhosis, and determined the adequacy of lesion visualization. If the lesions were
poorly visualized, the patient's CT/MR images were reviewed, and a preliminary assessment of the
lesion location was performed before proceeding with fusion imaging. The specific steps were as
follows: 1) DICOM-formatted CT or MR images were imported into the ultrasound machine; 2) The
patient was positioned in a supine position. First, single-plane registration was performed, followed
by selecting anatomical landmarks such as the portal vein and hepatic vein bifurcation for point-to-
point registration. After completing the registration, the CT/MR images were displayed side by side
with the ultrasound images. Subsequently, fine registration was performed based on smaller vascular
branches. 3) After completing the registration, the synchronized ultrasound images were observed
for the presence of lesions based on the location of the lesions on the CT or MR images. The locations
(left lobe, right lobe, or liver lobe junction), sizes, and numbers (single, multiple, or diffuse) of the
recurrent lesions were recorded.

2.2.2. High-Frequency Ultrasound Examination

We used a 9 MHz linear transducer for high-frequency ultrasound examination. The patient
assumed a supine or left lateral position. The conventional ultrasound examination was performed
first using a convex array transducer. If the lesion was not visualized by conventional ultrasound,
but closer to the hepatic capsule (<1.5 cm) in CT/MR]I, a high-frequency ultrasound examination was
conducted. When a lesion was identified, the depth and focus were adjusted one by one to display
the lesion area as clearly as possible.

2.2.3. Contrast-Enhanced Ultrasound Examination

The patient assumed a supine or left lateral position. The optimal view was selected, and the
CEUS mode was activated using a convex array transducer. Ultrasound contrast agents used sulfur
hexafluoride microbubbles (Sonovue) or perfluorobutane microspheres (Sonazoid), with doses of 1.2
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ml or 0.6 ml, respectively. The contrast agents were administered via peripheral venous bolus
injection, followed by a 5ml saline flush. And the lesion was observed in real-time dynamic mode for
2 minutes, with images being stored. After 2 minutes, the entire liver was scanned again using the
convex array transducer to check for the presence of any other lesions and store the images. We
observed the arterial phase (10-20 seconds after contrast injection), portal venous phase (30-45
seconds after contrast injection), and delayed phase (starting from 120 seconds after contrast
injection). In Sonazoid, liver Kupffer phase were observed 10 minutes after injection. The
enhancement degree was classified as high enhancement, iso-enhancement, low enhancement, or no
enhancement, based on the comparison with the echogenicity of the liver parenchyma. The location,
size, number of recurrent lesions, the degree of enhancement and enhancement patterns
(homogeneous enhancement, inhomogeneous enhancement, peripheral rim enhancement,
synchronous enhancement) were recorded.

2.2.4. High-Frequency Contrast-Enhanced Ultrasound Examination

For superficial and small lesions (diameter < 1cm), after completing the conventional contrast-
enhanced ultrasound examination, we still had difficulty in observing the internal blood perfusion
information of the lesions. Therefore, after performing local burst, we used a linear array transducer
to activate the CEUS mode for reperfusion observation. We observed the lesions in real-time for 3-5
minutes and stored the dynamic images.

2.3. Percutaneous liver biopsy

After excluding contraindications for liver biopsy, the lesion location was determined through
multimodal ultrasound to ensure the puncture point and pathway, while avoiding blood vessels and
vital organs. Freehand puncture method was used to complete the operation. Standard disinfection
and draping were carried out, and after local anesthesia, a 17G cannula needle was punctured into
the tumor under ultrasound guidance. Then, an 18G biopsy needle was inserted into the tumor
through trocar, and 3-5 samples were obtained by cutting. The tissue was fixed in formalin. After
biopsy, color Doppler ultrasound was observed to judge if there was any bleeding. The patient was
instructed to fasting for 4 hours, and bed rest with eletrocardiograph monitoring was maintained for
8 hours.

2.4. Statistical Analysis

IBM SPSS Statistics 27.0.1 were used for statistical analysis. Demographic data were analyzed
using descriptive statistics. Quantitative data is displayed as the mean standard deviation or median
values (interquartile ratio), and categorical datais shown as absolute (n) and relative (%)
frequencies. The accurate rate of puncture was defined as the number of true positive samples/total
number of puncture cases. The final diagnosis of the patients was based on the comprehensive
judgment of clinical history, laboratory examination, imaging, pathological results and follow-up.
True positivity was defined if the pathological diagnosis was consistent with the final diagnosis. If
not, it was defined as negative.

3. Results
3.1. General Results

In this study, a total of 95 patients were enrolled, with 67 males and 28 females. The average age
was 57.6 years, ranging from 33 to 83 years. Among the study subjects, 5 cases had concomitant liver
cirrhosis, 38 cases had a history of hepatitis B, 1 case had autoimmune liver disease, 1 case had a
history of schistosomiasis, and 29 cases had a history of extrahepatic malignancies. Additionally, 7
cases had a history of liver tumor resection, 2 cases had undergone ablation therapy, and 7 cases had
a history of other non-liver surgical treatments. Laboratory tests showed that 32 patients were
positive for HBsAg, 36 cases had elevated AFP levels, 48 cases had elevated CA199 levels, and 11
cases had elevated CEA levels. Table 1 contained more detailed demographic and clinical data.
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Among the study subjects, there were 38 cases of solitary lesions, 34 cases of multiple lesions, and 23
cases of diffuse lesions. The average maximum diameter of the lesions was 2.7 cm (ranging from 0.7
to 10.0 cm). In this study, the statistical definition of lesion size referred to the maximum diameter of
the first observed mass in multimodal ultrasound that was not detected in conventional ultrasound
examination. The lesion size of the 23 cases with diffuse hepatocellular carcinoma was not included
in the statistics. While for patients with multiple lesions, the maximum diameter of the mass was
selected for calculation. Among the 32 patients underwent MR-US fusion imaging examination, the
lesion recurred in 16 cases, with 2 cases undergoing liver biopsies guided by MR-CEUS fusion
imaging. Additionally, among the 23 patients underwent CT-US fusion imaging examination, the
lesion recurred in 11 cases, with 1 case undergoing liver biopsy guided by CT-CEUS fusion imaging.
Contrast-enhanced ultrasound examination was conducted for all 95 patients, with 68 cases using
Sonovue, 21 cases using Sonazoid, and 6 cases using a combination of Sonovue and Sonazoid.
Furthermore, high-frequency ultrasound examination was performed for 21 patients, including 2
cases guided by CEUS-high-frequency ultrasound for biopsies. No serious complications or deaths
occurred in any of the patients after biopsy.

Table 1. Patients’” demographic characteristics.

Study population ALl (N =95)
Sex
Male, n (%) 67 (70.5)
Female, n (%) 28 (29.5)
Age (years), median (IQR) 58 (50-65)
Previous disease history, n (%) 24 (12-55)
Hepatitis B 38 (40)
Hepatocirrhosis 5(5.3)
Extrahepatic tumor 30 (73.7)

Past-operation history, n (%)

Hepatectomy 7(7.4)
Intrahepatic ablation therapy 2(21)
extrahepatic surgery 7(7.4)

Laboratory indicators, n (%)

HBsAg 32(33.6)
AFP 36 (37.8)
CA199 48 (50.5)
CEA 11 (11.5)

Number of lesions, n (%)

solitary lesions 38 (40)
multiple lesions 34 (35.8)
diffuse lesions 23 (24.2)

Lesion Localization, n (%)

Left lobe 13 (13.6)
Right lobe 73 (76.8)
Junction of left and right lobes 9 (9.4)

The largest diameter of lesion (cm), Mean (range) 2.7 (0.7-10.0)

Application of ultrasonic techniques
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6
Fusion imaging 55 (57.9)
Contrast-enhanced ultrasound 95 (100)
High-frequency ultrasound 21 (22.1)

IQR indicates interquartile range, HBsAg: hepatitis B surface antigen; AFP: Alpha-fetoprotein; CA199:
carbohydrate antigen 199; CEA: carcinoembryonic antigen. The number of lesions: the number of all lesions
on CT/MR was used as the criterion. Lesion Localization: refers to the localization of lesions that were poorly
visualized under conventional ultrasound but become visible after multi-modal ultrasound imaging. The largest
diameter of lesion: refers to the maximum diameter of the observed mass in multimodal ultrasound that was not
detected in conventional ultrasound examination.

3.2. Results of Lesion Display by Multimodal Ultrasound

In this study, difficulties were encountered in visualizing lesions during conventional
ultrasound examinations for 95 patients. Among them, lesions were unable to be visualized in 82
cases, and in an additional 13 cases, the lesions were partially unable to be visualized or had unclear
boundaries. Among the 55 patients who experienced difficulties in lesion visualization during
conventional ultrasound examinations, 27 patients had their lesions visualized after undergoing
fusion imaging, resulting in a CT/MR-US visualization rate of 49.1%. Furthermore, CEUS were
performed for all 95 patients, and lesions were visualized in 92 cases, yielding a CEUS visualization
rate of 96.8%. Additionally, for the 20 patients who had difficulties in lesion visualization during
conventional ultrasound examinations, 16 patients had their lesions visualized after undergoing
high-frequency ultrasound examinations, resulting in a high-frequency ultrasound visualization rate
of 76.2% (Table 2).

Table 2. Lesion visualization rate after multi-modal ultrasound application.

CT/MR-US fusion imaging CEUS High-frequency ultrasound
Visualization 27 92 16
Non-visualization 28 3 5
Visualization rate, n(%) 49.1 96.8 76.2

CT/MR-US: computerized tomography or Magnetic Resonance Imaging-ultrasound fusion imaging; CEUS:
contrast-enhanced ultrasound.

3.3. Methods of Percutaneous Liver Biopsy and Pathological Results

In this study, after the target was determined by multimode ultrasound, the appropriate biopsy
methods were chosen. A total of 24 cases underwent biopsy under grayscale ultrasound guidance.
Among them, 23 cases were guided by conventional grayscale ultrasound after the lesion location
was clearly identified through CT/MR fusion imaging, and 1 case was guided by high-frequency
grayscale ultrasound after the lesion location was clearly identified through fusion imaging.
Additionally, 71 cases underwent biopsy under CEUS guidance. Among them, 56 cases were solely
guided by CEUS, 3 cases were guided by the combination of fusion imaging and ultrasound contrast,
and 12 cases were guided by high-frequency contrast ultrasound. (Table 3)

After performing needle biopsies, we analyzed the pathological results of 95 patients. The results
showed that 82 patients had positive pathological findings (82/95, 86.3%), The biopsy pathology
included 39 cases of hepatocellular carcinoma (HCC), 16 cases of intrahepatic cholangiocarcinoma
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(ICC), 22 cases of metastatic adenocarcinoma, 3 cases of hepatic adenoma (HA), 1 case of vascular
sarcoma, and 1 case of mixed HCC-ICC. Additionally, no malignant tumor cells were observed in the
pathological results of 13 patients. Combining imaging studies and laboratory examinations, 8 cases
were considered false negatives. Among the 5 negative cases, 2 cases were attributed to post-
chemotherapy changes, and 3 cases were diagnosed as inflammatory lesions with no progression
observed during follow-up. The overall accuracy rate of our group's biopsies was 91.6% (87/95), with
a positive predictive value of 91.1% (82/90) and a false-negative rate of 8.9% (8/90). In addition, 9
patients with recurrent liver cancer after liver biopsy were guided by ultrasound radio-frequency
ablation. No serious complications such as death and bleeding occurred.

Table 3. Multimodality ultrasound-guided percutaneous liver biopsy.

Fusion
Fusion CEUS- high
imaging- gray Fusion imaging- high
CEUS imaging- frequency
scale frequency ultrasound
guided CEUS ultrasound
ultrasound guided
Guided guided
guided
number 23 1 56 3 12
ratio, (%) 24.2 1.1 58.9 3.2 12.6

CEUS: contrast-enhanced ultrasound.

4. Discussion

Percutaneous liver biopsy involves the insertion of a needle through the skin and into the liver
to obtain a tissue sample for diagnostic purposes, staging, or treatment planning for various liver
conditions, and remains an important diagnostic procedure forliver mass [9]. With the
advancements in imaging technologies like ultrasound, CT, and MRI, percutaneous liver biopsy can
now be more precisely targeted towards specific lesions, enhancing the accuracy of the biopsy and
reducing the overall risk of complications [10]. Conventional gray-scale ultrasonography is the first
choice for percutaneous liver biopsy because of its convenience, real-time and low cost. Its diagnostic
accuracy is above 90% [11]. However, percutaneous echo-guided biopsy for hepatic tumor diagnosis
faces certain limitations in its performance. Factors such as tumor type, size, and location significantly
influence its effectiveness. Moreover, the background of the liver, including conditions like severe
fatty liver, hepatitis, and cirrhosis, can impact the visualization of the lesion [12]. The diagnosis of
diffuse tumors in the liver is often constrained by several factors. These tumors tend to exhibit a
fusion pattern between lesions with blurred borders, making it difficult to differentiate them from
liver cirrhosis and severe liver damage through conventional ultrasound examinations. Larger
tumors may have internal necrosis that is challenging to visualize using conventional ultrasound
before liquefaction occurs, potentially leading to false-negative results in biopsies. Moreover, tumors
located at the top of the liver, smaller tumors, and those adjacent to vital organs are difficult to clearly
visualize under conventional ultrasound, making it challenging to accurately target them during the
biopsy procedure, thereby potentially affecting the accuracy of the biopsy. Therefore, new techniques
are needed to improve the visualization capabilities of ultrasound examinations and enhance the
success rate of biopsies for such tumors.

With the continuous advancement of imaging technology, imaging techniques such as
ultrasound, CT, and MRI can display real-time images simultaneously from different angles through
transducers. CT/MR-US fusion imaging technology improves the visualization of lesions that cannot
be seen with conventional ultrasound, helping us understand the three-dimensional relationship
between the hepatic vascular system and the lesions [13]. There have been multiple literature reports
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on the clinical research of MR/CT-US fusion imaging technology, which is currently primarily
focused on improving the success rate of ablation. However, there are relatively few reports on the
application of fusion imaging for liver biopsies of lesions that cannot be visualized with conventional
ultrasound [14-17]. In our study, a total of 95 patients with unclear lesions on routine ultrasound
were included, and the accuracy rate of biopsy reached 91.6%. The lesion visualization rate after
CT/MR-CT fusion imaging was 49.1% (27/55), and after lesion visualization, the percutaneous liver
biopsy success rate under the guidance of fusion imaging and grayscale ultrasound reached 85.2%
(23/27). This enabled the targeting of tumors that were not visualized under conventional ultrasound
to be clearly identified and successfully biopsied under the guidance of fusion imaging.

CEUS is a specialized form of ultrasound imaging that involves the intravenous injection of
microbubble contrast agents. Due to its higher safety profile and real-time visualization of vascular
perfusion within lesions, CEUS has been widely used for the evaluation of focal liver lesions, and has
been added to the American College of Radiology Liver Imaging Reporting and Data System (CEUS
LI-RADS) [18,19]. CEUS greatly enhances the diagnostic accuracy of ultrasound in detecting and
characterizing focal liver lesions [20]. There have been numerous literature reports on clinical studies
involving CEUS technology, with current focus primarily on characterizing differences among
different tumor types [21-23]. Meanwhile, there are relatively fewer reports on the application of
fusion imaging to visualize lesions that cannot be detected with conventional ultrasound and guide
liver biopsies. In our study, 96.8% (92/95) of the lesions were detected after CEUS, and 60.8% (56/92)
of the lesions were detected after percutaneous liver biopsy guided only by contrast-enhanced
ultrasound. It is worth mentioning that, for larger tumors or diffuse tumors in liver segments,
ultrasound-guided biopsy under contrast-enhanced ultrasound (CEUS) was particularly important.
In these patients, two-dimensional ultrasound examination often showed scattered echoes, unclear
tumor boundaries, and merging of diffuse tumors. After contrast-enhanced ultrasound, the
boundaries of the lesions and the presence of necrotic areas within the tumor could be clearly
determined. By avoiding the necrotic areas during biopsy under ultrasound guidance, satisfactory
results could be obtained. In our study, out of 23 patients with diffuse liver cancer, 17 patients (73.9%)
obtained positive pathological results under ultrasound guidance. Among the 8 patients with larger
tumors (maximum lesion diameter > 5cm), 5 patients (62.5%) obtained positive pathological results
under ultrasound guidance.

High-frequency ultrasound is a technique that utilizes a high-frequency linear ultrasound probe
(5-12MHz) to image superficial suspicious lesions in the liver. During the imaging process,
continuous adjustments of depth and focus are necessary to ensure clear imaging of the suspicious
lesions [24]. According to related research, the additional use of a high-frequency transducer during
conventional abdominal examinations can detect new liver lesions in a significant number of patients.
Importantly, this additional use does not significantly extend the overall examination time. Although
there is currently limited clinical research on high-frequency ultrasound, the focus primarily lies in
enhancing the detection rate of superficial lesions using high-frequency ultrasound contrast imaging.
In our study, after undergoing high-frequency ultrasound examination, a total of 16 patients had a
lesion visualization rate of 76.2% (16/21). All of these 16 patients received additional ultrasound
techniques following lesion visualization. Among them, 9 patients (56.2%) underwent CEUS
examination, while 7 patients (43.8%) underwent a combination of fusion imaging technique and
CEUS examination. The reason for this result is due to the characteristics of high-frequency
ultrasound, where the higher the frequency, the faster the attenuation, making it less sensitive to
blood flow detection. Therefore, in clinical practice, it is common to combine high-frequency
ultrasound with contrast-enhanced ultrasound to more clearly obtain the internal blood perfusion
information of superficial liver lesions.

The limitations of this study are as follows: (1) The inclusion criteria of this study excluded
patients who did not show lesions even after undergoing multimodal ultrasound and did not
undergo percutaneous liver biopsy. This may lead to a higher lesion detection rate after conducting
the three ultrasound examinations in the included patients. (2) Due to considerations of clinical time
and patient costs, when the lesion location and biopsy method can be determined through one or two
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ultrasound examinations, additional examinations are usually not performed, resulting in
inconsistent sample sizes for the three ultrasound examination methods among patients. (3) This
study is a single-center summary with a small sample size, and no control group using only grayscale
ultrasound-guided biopsy was established.

Figure 2. This is a 41-year-old female patient with a history of chronic hepatitis B for over a decade.
Figures 1A, 1B: Gray-scale ultrasound examination revealed disrupted liver structure, indistinct
lesion boundaries, and heterogeneous internal echoes. Color Doppler imaging demonstrated
intravascular thrombus formation in the portal vein. Figure 1C: Despite CT-US fusion imaging, the
lesion boundaries remained unclear. Figure 1D: Following the administration of 1.2ml of Sonovue,
arterial phase imaging showed diffuse and uneven enhancement, with non-enhancing necrotic areas
visible within it. Figure 1E: percutaneous liver biopsy guided by gray-scale ultrasound under CT-US
fusion imaging guidance, avoiding the necrotic area identified after contrast agent injection.
Histopathological examination of the biopsy specimen confirmed4 the diagnosis of diffuse HCC, and
consistent with the final diagnosis.

Figure 3. This is a 52-year-old female patient with elevated AFP and CA199 levels on laboratory

examination. Figure 2A: Gray-scale ultrasound showed multiple hypoechoic masses in the
abdominal, mild dilation of intrahepatic bile ducts, but no obvious liver lesions. Despite using a high-
frequency probe in Figure 2B, no significant liver parenchymal masses were observed. After MR-US
fusion imaging in Figure 2C, multiple anechoic areas were visible within the liver, but no apparent
solid masses were seen. Figure 2D: Following the administration of 0.6ml of Sonazoid contrast agent,
a low-enhancement lesion measuring approximately 0.8*0.7cm was observed in the arterial phase,
and the lesion beneath the hepatic capsule of the right anterior lobe. Figure 2E: MR-CEUS fusion
imaging, which confirms that the lesion's location corresponds to the position indicated on MR
imaging. Figure 2F, during the hepatocyte phase, high-frequency ultrasound examination was
performed, and the lesion still presented as hypoechoic changes. Subsequently, percutaneous liver
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biopsy was conducted under the guidance of CEUS-high-frequency ultrasound. The pathological
result confirmed metastatic adenocarcinoma, consistent with the final diagnosis.

5. Conclusions

This study aims to evaluate the potential of multimodal ultrasound technology in improving the
visibility of inconspicuous liver lesions under routine ultrasound. Specifically, the study explores the
application of fusion imaging, CEUS, and high-frequency ultrasound in enhancing the visibility of
liver masses and accurately locating them for percutaneous tissue biopsy. The study compares the
biopsy results with the final diagnosis, and assess whether multimodal imaging techniques can
improve the success rate of percutaneous liver biopsy for lesions that are not clearly visible under
conventional ultrasound. Furthermore, the application of multimodal ultrasound technology has the
potential to impact the development of personalized treatment strategies. It can assist in guiding
microwave ablation therapy for lesions and facilitate precise treatment planning in collaboration with
clinicians. In conclusion, this study investigates the potential of multimodal ultrasound technology
in diagnosing and treating liver lesions, offering new methods and insights for improving the
management of liver diseases.
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