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Abstract: Aims: To evaluate the clinical value of contrast-enhanced ultrasound (CEUS) in diagnosing liver space-
occupying lesions. Methods: A total of 487 patients with liver space-occupying lesions were examined using both 
conventional ultrasound and CEUS. The diagnostic results from the two methods were compared, with pathological 
findings used as the gold standard. Sensitivity, specificity, positive predictive value (PPV), negative predictive value 
(NPV), and the area under the receiver operating characteristic curve were calculated for each method to assess 
their diagnostic value. Results: Among the 487 lesions, 220 were malignant and 267 were benign. The relative 
blood flow (rBF) in the arterial phase of malignant lesions was significantly higher than that of benign lesions, while 
the rBF in the delayed phase was significantly lower (P<0.05). In diagnosing malignant lesions, CEUS had a higher 
detection rate than conventional ultrasound (75% vs. 43.18%, P<0.001). CEUS also demonstrated a higher diagnos-
tic agreement for lesions ≤1 cm compared to conventional ultrasound (85.16% vs. 49.47%, P<0.001). The accuracy, 
sensitivity, specificity, PPV, and NPV of CEUS were all higher than those of conventional ultrasound (all P<0.05). 
Conclusion: CEUS is effective in diagnosing liver space-occupying lesions, with superior sensitivity and specificity 
compared to conventional ultrasound.

Keywords: Contrast-enhanced ultrasound, liver space-occupying lesions, diagnosis

Introduction

Liver space-occupying lesions (SOLs) refer to 
abnormal echo regions in the liver parenchyma 
identified through imaging techniques such as 
ultrasound or CT, encompassing both benign 
and malignant lesions. Many patients remain 
asymptomatic in the early stages of the dis-
ease, with clinical symptoms emerging only 
during the middle to late stages of progression 
[1]. These lesions are classified into benign and 
malignant categories. Benign lesions include 
benign tumors, tumor-like lesions, and hepatic 
hemangiomas, while malignant lesions primar-
ily consist of liver cancer [2]. Statistics indicate 
that liver cancer accounts for approximately 
45% of global mortality from the disease in 
China [3]. The treatment options and prognosis 
for liver SOLs vary significantly between benign 
and malignant types. Therefore, early diagnosis 

and accurate differentiation between benign 
and malignant lesions are crucial for initiating 
timely treatment and improving patients’ quali-
ty of life.

Conventional ultrasound (US) has long been a 
primary imaging method for evaluating liver 
lesions due to its accessibility, affordability,  
and real-time imaging capabilities [4]. However, 
US has limitations in distinguishing between 
benign and malignant lesions, particularly in 
complex or ambiguous cases. As a result, addi-
tional imaging techniques such as computed 
tomography (CT) or magnetic resonance imag-
ing (MRI) are often required [5]. Despite their 
advantages, these modalities have drawbacks, 
including radiation exposure, higher costs, and 
limited availability in resource-constrained  
settings. Contrast-enhanced ultrasound (CEUS) 
has emerged as an innovative alternative, 
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addressing many of the limitations of conven-
tional modalities [6]. CEUS utilizes microbub-
ble-based contrast agents to enhance the  
visualization of microvascular structures and 
dynamic perfusion patterns, allowing real-time 
assessment of lesion vascularity [7]. Unlike CT 
or MRI, CEUS is radiation-free and non-invasive, 
making it ideal for patients requiring repeated 
imaging, such as pregnant women or individu-
als with chronic liver disease. The dynamic, 
real-time capabilities of CEUS enable more pre-
cise differentiation between benign and malig-
nant lesions, even in small or indeterminate 
cases [8]. However, despite its potential, the 
clinical application of CEUS in diagnosing liver 
SOLs is still evolving, and robust evidence is 
needed to validate its diagnostic performance. 
While previous studies have demonstrated the 
utility of CEUS in specific scenarios like hepato-
cellular carcinoma (HCC), comparative studies 
with conventional US remain limited. Further- 
more, the diagnostic accuracy of CEUS in distin-
guishing benign from malignant lesions across 
diverse populations is not fully established.

This study highlights the unique ability of CEUS 
to provide real-time dynamic imaging of micro-
vascular perfusion and contrast patterns, rep-
resenting a significant advancement over con-
ventional US. This innovation allows for more 

precise differentiation between benign and 
malignant liver lesions, addressing a critical 
diagnostic challenge. Clinically, CEUS offers 
non-invasive, radiation-free imaging, making it 
especially suitable for vulnerable populations 
and for frequent follow-ups. By improving diag-
nostic accuracy and enabling early detection, 
particularly for small HCCs, CEUS aids in better 
treatment planning and outcomes. These fea-
tures underscore the potential of CEUS to 
transform liver disease management, enhance 
early intervention strategies, and integrate ad- 
vanced imaging into routine clinical practice.

Therefore, CEUS was employed in this analysis 
to explore its clinical value in diagnosing liver 
SOLs.

Materials and methods

Patient selection

From January 2018 to June 2024, 487 patients 
with liver SOLs were included in this retrospec-
tive study. A total of 487 lesions were exam-
ined. The patient selection process is shown in 
Figure 1. This study and its experimental proce-
dures were approved by the Ethics Committee 
of the Central Hospital Affiliated to Shandong 
First Medical University.

Figure 1. Flow diagram detailing the se-
lection of patients included in this study.
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Inclusion criteria: 1) Patients aged ≥18 years; 
2) Diagnosis of both benign and malignant liver 
lesions confirmed by pathological examination 
[9]; 3) Patients who underwent routine ultra-
sound and CEUS examinations at this hospital; 
4) No allergies to contrast agents.

Exclusion criteria: 1) Lesions deeper than 80 
mm; 2) Pregnant or lactating women; 3) Patients 
allergic to contrast agents; 4) Patients with con-
current malignant tumors at other sites; 5) 
Patients with dysfunction of vital organs (e.g., 
heart, lungs, kidneys); 6) Patients with systemic 
diseases (e.g., blood, immune, circulatory, or 
endocrine system disorders); 7) Patients who 
received systemic chemotherapy or local treat-
ments; 8) Lesions with a diameter of <1 cm; 9) 
Patients with severe emphysema, pulmonary 
embolism, or pulmonary arterial hypertension; 
10) Patients with severe mental illnesses or 
consciousness disturbances.

Data extraction

The imaging instruments used were a color 
Doppler ultrasound diagnostic system (Affiniti 
70, Philips Healthcare, Andover, MA, USA) and 
Siemens Acuson (Siemens Healthineers, Erlan- 
gen, Germany). During the CEUS examination, a 
convex array probe with a frequency of 2.5 to 
5.0 MHz was used. The contrast agent, Bracco 
(Bracco Imaging S.p.A., Milan, Italy), is a sulfur 
hexafluoride-based microbubble encapsulated 
by phospholipids. The patient was positioned 
supine. Initially, a routine ultrasound examina-
tion was performed to scan the entire liver, 
assessing the shape, echogenicity, and other 
indicators of the target lesion. The largest scan-
ning section of the lesion was selected, and the 
system was switched to contrast mode with low 
mechanical index settings.

The contrast agent was dissolved in 5 mL of 
normal saline and injected via the elbow vein 
as a bolus within 2 to 3 seconds. The timer was 
started, and real-time contrast imaging of the 
lesion and surrounding tissues was observed 
until the contrast agent was nearly cleared. 
Dynamic images during the contrast process 
were stored.

Judgment criteria: Malignant lesions typically 
show strong enhancement in the arterial phase, 
followed by a rapid decline in enhancement in 
the portal venous or delayed phases, exhibiting 
a “rapid in, rapid out” pattern.

Benign lesions show high or equal enhance-
ment in the arterial phase, with either no 
change or similar enhancement in the portal 
venous and delayed phases, or no enhance-
ment in all three phases.

CEUS diagnosis: If the lesion exhibits signifi-
cant enhancement in the arterial phase and 
decreased enhancement in the portal venous 
and delayed phases, it is diagnosed as 
malignant.

Conventional US examination: Lesions were 
classified into grades A, B, C, D, and E accord-
ing to their color patterns.

Grade A: uniform green. Grade B: a mixture of 
green and blue, with green as the dominant 
color. Grade C: a mixture of green and blue, 
with blue as the dominant color. Grade D: blue 
in the central area. Grade E: entirely blue, with 
surrounding tissue also showing blue. Grades A 
and B were classified as benign lesions, while 
grades C, D, and E were considered malignant 
lesions.

Outcome measures

Primary outcome measures: The diagnostic 
efficacy (sensitivity, specificity, and accuracy) of 
different examination methods was evaluated. 
Receiver operating characteristic (ROC) curves 
were used to compare the diagnostic perfor-
mance of each method.

Secondary outcome measures: The enhance-
ment times for CEUS of SOLs in the liver were 
compared. This included the initial enhance-
ment time, peak time, duration, and time of ini-
tial disappearance.

Statistical analysis

Statistical analysis was performed using SPSS 
20.0. Measurement data were presented as 
mean ± standard deviation. Inter-group com-
parisons were conducted using the indepen-
dent samples t-test, and comparisons of rates 
were performed using the χ2 test. Sensitivity, 
specificity, positive predictive value (PPV), and 
negative predictive value (NPV) were calculated 
for conventional US and CEUS, respectively. 
The diagnostic performance of the three meth-
ods was assessed using ROC curves. The 
DeLong test was used to compare the area 
under the curve (AUC) between CEUS and con-
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ventional US to ensure the robustness of the 
comparison. A significance level of α=0.05 was 
set, and a P-value <0.05 was considered statis-
tically significant.

Results

Pathological results of 487 lesions

Pathological confirmation via biopsy or surgery 
revealed 220 malignant lesions (45.17%) and 
267 benign lesions (54.83%). Among the malig-
nant lesions, 177 were hepatocellular carcino-
ma (HCC), 30 were cholangiocellular carcinoma 
(CCC), and 13 were mixed tumors. The benign 
lesions included 111 cases of focal nodular 
hyperplasia (FNH), 96 hepatic adenomas (HA), 
38 hepatic cystadenomas (HCA), and 22 cases 
of chronic granulomatous disease (CGD) (Table 
1).

Demographic data of the two groups

Patients were divided into a malignant group 
and a benign group according to their patho-
logical results. The malignant group included 
220 patients: 162 males (73.64%) and 58 
females, aged 35 to 79 years (mean age: 
60.95±3.84). The maximum nodule diameter 
was 2.99±0.69 cm, and the disease duration 
was 1.29±0.34 years. Chronic liver disease 
was present in 185 patients (84.09%), cirrhosis 
in 142 patients (64.55%), hepatitis B virus 
(HBV) infection in 108 patients (49.09%), and 
alpha-fetoprotein (AFP) levels >200 ng/mL in 
120 patients (54.55%).

The benign group comprised 267 patients: 191 
males (71.54%) and 76 females, aged 30 to 80 
years (mean age: 60.34±5.76). The maximum 
nodule diameter was 2.50±0.68 cm, and the 
disease duration was 3.06±0.38 years. Chronic 
liver disease was present in 102 patients 

diseases, or previous treatment history (all 
P>0.05, Table 2).

Comparison of CEUS indexes in benign and 
malignant lesions

The relative blood flow (rBF) in the arterial 
phase of malignant lesions was significantly 
greater than that in benign lesions (58.70±4.30 
vs. 42.51±4.86, P<0.001), while the rBF in the 
delayed phase was significantly lower in malig-
nant lesions (17.46±1.48 vs. 18.91±1.25, P< 
0.001). Additionally, the initial peak time 
(11.08±1.15 vs. 14.39±1.47, P<0.001), peak 
time (34.57±3.82 vs. 45.42±3.79, P<0.001), 
rise time (25.58±2.60 vs. 37.76±3.29, P< 
0.001), kurtosis of the fitted curve (0.39±0.67 
vs. 1.15±0.20, P<0.001), and transit time 
(111.04±12.12 vs. 148.99±13.70, P<0.001) 
were all significantly shorter in malignant 
lesions. On the other hand, the perfusion index 
(145.21±11.21 vs. 89.86±10.55, P<0.001), 
contrast agent arrival time (3.05±0.57 vs. 
2.67±0.52, P<0.001), and peak intensity 
(10.70±2.12 vs. 4.39±0.91, P<0.001) were sig-
nificantly higher in malignant lesions compared 
to benign lesions (Table 3).

Comparison of dynamic phase changes in be-
nign and malignant lesions

The dynamic phase change indicators, includ-
ing initial increase time, initial disappearance 
time, peak time, and duration, were all signifi-
cantly lower in malignant lesions than in benign 
lesions (all P<0.001) (Table 4).

Comparison of diagnostic results of different 
examinations for liver SOLs

For the diagnosis of malignant lesions, the 
detection rate of CEUS was higher than that of 
conventional US (75% vs. 43.18%, P<0.001). 

Table 1. Pathological results of 487 lesions
Nature Type Cases, n (%)
Malignant Hepatocellular carcinoma 177 (36.34)

Cholangiocellular carcinoma 30 (6.16)
Mixed tumors 13 (2.67)

Benign Focal nodular hyperplasia 111 (22.79)
Hepatic adenoma 96 (19.71)

Hepatic cystadenoma 38 (7.80)
Chronic granulomatous disease 22 (4.52)

Total 487 (100)

(38.20%), cirrhosis in 68 patients 
(25.47%), HBV infection in 53 patients 
(19.85%), and AFP levels >200 ng/mL 
in 25 patients (9.36%).

Significant differences were found 
between the malignant and benign 
groups in clinical indicators such as 
nodule diameter, disease duration, 
chronic liver disease, cirrhosis, HBV 
infection, and AFP levels (all P<0.05). 
However, no significant differences 
were observed in gender, metabolic 
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Similarly, for benign lesions, the detection rate 
of CEUS was higher than that of conventional 
US (80.15% vs. 44.94%, P<0.001) (Table 5).

Comparison of diagnostic coincidence rate of 
diagnosis of lesion size by two examination 
methods

CEUS showed a higher diagnostic coincidence 
rate for lesions ≤1 cm compared to convention-
al US (85.16% vs. 49.47%, P<0.001). However, 
for lesions sized 1-3 cm and ≥3 cm, the diag-
nostic coincidence rates between the two 

methods were not significantly different 
(P>0.05) (Table 6).

Analysis of different inspection results

CEUS demonstrated higher accuracy, sensitivi-
ty, specificity, negative predictive value, and 
positive predictive value compared to conven-
tional US (all P<0.05). A comparison of the opti-
mal cut-off values between conventional US 
and CEUS showed a significant statistical dif-
ference (t=41.499, P<0.001). The cut-off value 
for conventional US was 0.119, while for CEUS, 

Table 2. The demographic data between two groups
Malignant Group (n=220) Benign Group (n=267) P

Age 60.95±3.84 60.34±5.76 0.186
Male (n/%) 162 (73.64%) 191 (71.54%) 0.605
Nodule diameter (cm) 2.99±0.69 2.50±0.68 <0.001
Course of disease (ys) 1.29+0.34 3.06±0.38 <0.001
Chronic liver disease (n/%) 185 (84.09%) 102 (38.20%) <0.001
Cirrhosis (n/%) 142 (64.55%) 68 (25.47%) <0.001
Hepatitis B virus infection (n/%) 108 (49.09%) 53 (19.85%) <0.001
Alpha-fetoprotein >200 ng/mL (n/%) 120 (54.55%) 25 (9.36%) <0.001
Metabolic disease (n/%) 36 (16.36%) 62 (23.22%) 0.060
Previous treatment history (n/%) 78 (35.45%) 94 (35.21%) 0.954

Table 3. Comparison of CEUS indexes in benign and malignant lesions
Malignant Group (n=220) Benign Group (n=267) t P

Arterial phase rBF (mL/min) 58.70±4.30 42.51±4.86 38.472 <0.001
Portal phase rBF (mL/min) 28.08±1.20 29.52±2.08 9.061 <0.001
Delayed phase rBF (mL/min) 17.46±1.48 18.91±1.25 11.684 <0.001
Initial peak time (s) 11.08±1.15 14.39±1.47 27.494 <0.001
Peak time (s) 34.57±3.82 45.42±3.79 31.350 <0.001
Rise time (s) 25.58±2.60 37.76±3.29 44.616 <0.001
Transit time (s) 111.04±12.12 148.99±13.70 32.033 <0.001
Perfusion index 145.21±11.21 89.86±10.55 56.021 <0.001
Contrast agent arrival time (s) 3.05±0.57 2.67±0.52 7.569 <0.001
Peak intensity (dB) 10.70±2.12 4.39±0.91 44.057 <0.001
Kurtosis of the fitted curve (l/s) 0.39±0.67 1.15±0.2 53.086 <0.001
CEUS, contrast-enhanced ultrasound; rBF, relative blood flow.

Table 4. Comparison of dynamic phase changes in benign and malignant lesions
Lesion type Onset time (s) Peak time (s) Onset time (s) Duration (s)
Malignant lesion 12.19±1.54 15.69±1.35 31.56±3.08 40.24±1.46
Benign lesion 21.50±1.40 26.34±3.11 57.46±2.04 135.81±3.16
t 69.871 47.283 110.993 413.943
P <0.001 <0.001 <0.001 <0.001
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it was 0.551 (Table 7). These results indicate 
that CEUS has higher diagnostic sensitivity and 
specificity, with its cut-off value closer to the 
ideal diagnostic standard, further supporting 
its superiority in diagnosing liver SOLs.

Typical images of conventional US and CEUS 
of benign and malignant liver lesions

Benign lesion: Conventional US revealed a nod-
ule measuring approximately 24 × 19 mm in 
the lower segment of the right anterior lobe of 
the liver, with a relatively clear boundary, irregu-
lar shape, heterogeneous internal echoes, and 
no acoustic halo. The internal blood flow signal 
in color Doppler flow imaging (CDFI) was evi-
dent (Figure 2A). CEUS in the arterial phase 
showed centripetal hyperenhancement at the 
center of the nodule. In the portal phase, the 
lesion showed hyperenhancement with a clear 
boundary and regular shape. In the delayed 
phase, the lesion showed slight hyperenhance-
ment (Figure 2B).

Malignant lesion: Conventional US showed a 
mass approximately 64 mm × 44 mm in the 
upper segment of the left lateral lobe of the 

liver, with moderately heterogeneous internal 
echoes, a clear boundary, irregular shape, and 
no acoustic halo. The internal blood flow signal 
in CDFI was not prominent (Figure 2C). CEUS 
showed rapid and uniform high enhancement 
in the arterial phase. In the portal phase, the 
lesion showed iso-enhancement with indistinct 
boundaries and irregular shape. In the delayed 
phase, the lesion exhibited low enhancement 
(Figure 2D).

ROC analysis

The ROC curve analysis showed that the AUC 
for CEUS in diagnosing liver SOLs was 0.913, 
significantly higher than that of conventional US 
(AUC=0.684, P<0.001, calculated using the 
DeLong test) (Figure 3).

Discussion

We analyzed the imaging characteristics of two 
diagnostic methods. In patients with malignant 
liver lesions, conventional US typically shows a 
mass with low internal echo, an unclear bound-
ary, an irregular shape, no acoustic halo, and 
minimal punctate blood flow signals in CDFI. 

Table 5. Comparison of diagnostic results of different examinations for liver space-occupying lesions
Diagnostic examinations Benign lesion (n=267) Malignant lesion (n=220)
Contrast-enhanced ultrasound 214 (80.15%) 165 (75%)
Conventional ultrasound 120 (44.94%) 95 (43.18%)
χ2 70.635 46.068
P <0.001 <0.001

Table 6. Comparison of the coincidence rate of diagnosis of lesion size by two examination methods
Group ≤1 cm (283 cases) 1-3 cm (124 cases) ≥3 cm (50 cases)
Contrast-enhanced ultrasound 241 (85.16%) 104 (83.87%) 50 (100%)
Conventional ultrasound 140 (49.47%) 99 (79.84%) 47 (94%)
χ2 81.915 0.679 3.093
P <0.001 0.410 0.079

Table 7. Analysis of different inspection results
Group Conventional ultrasound Contrast-enhanced ultrasound t P
Accuracy 44.15% 77.82% 24.296 <0.001
Sensitivity 43.18% 75% 21.166 <0.001
Specificity 44.94% 80.15% 26.133 <0.001
Negative predictive value 48.98% 79.55% 20.985 <0.001
Positive predictive value 39.26% 75.69% 28.010 <0.001
Cut-off 0.119 0.551 41.499 <0.001
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CEUS, in contrast, reveals rapid 
and uniform high enhancement 
during the arterial phase. In the 
portal phase, the lesion demon-
strates iso-enhancement with an 
unclear boundary and irregular 
shape, while in the delayed phase, 
low enhancement is observed.

In patients with benign liver le- 
sions, conventional US shows nod-
ules with low internal echo, clear 
boundaries, regular shape, and no 
acoustic halo, with an absence of 
significant internal blood flow sig-
nals in CDFI. CEUS reveals a cen-
tral nodular centripetal hyperen-
hancement in the arterial phase. 
In the portal phase, the lesion 
shows hyperenhancement with 
clear boundaries and regular 

Figure 2. Typical images of conventional ultrasound and CEUS of benign and malignant liver lesions. A: The con-
ventional ultrasound image of the benign lesion. B: The CEUS image of the benign lesion. C: The conventional 
ultrasound image of the malignant lesion. D: The CEUS image of the malignant lesion. CEUS, contrast-enhanced 
ultrasound.

Figure 3. The ROC analysis. ROC, Receiver operating characteristic; 
CEUS, contrast-enhanced ultrasound; US, ultrasound.
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shape, while in the delayed phase, slight hyper-
enhancement is observed.

Normal liver tissue enhances clearly during the 
portal phase, while liver cancer shows de- 
creased density and signal, with more obvious 
decreases in the delayed phase. These findings 
are consistent with the results of this study.

We then compared the detection rates of the 
two diagnostic methods for liver cancer, and 
the results showed that the overall detection 
rate of CEUS was higher than that of conven-
tional US.

CEUS is a commonly used imaging technique 
for screening liver lesions [10, 11]. It involves 
injecting microbubbles into the bloodstream, 
enhancing the blood flow signal and perfusion 
intensity within the lesion using second-har-
monic imaging technology. This technique 
allows clear visualization of blood flow signals, 
helping to differentiate the lesion from sur-
rounding structures and assess its benign or 
malignant nature [12]. Previous studies have 
indicated that CEUS has relatively high sensitiv-
ity for diagnosing benign and malignant liver 
lesions [13-17]. In this study, the sensitivity of 
CEUS in diagnosing benign and malignant focal 
liver lesions was 88.9%, with a specificity of 
96% and an accuracy of 91.3%, consistent with 
the findings of prior research [13-17]. These 
results further demonstrate the high efficiency 
of CEUS in distinguishing the nature of liver 
SOLs.

CEUS can provide detailed information on the 
hemodynamic characteristics of liver lesions 
[18]. Different types of liver lesions exhibit dis-
tinct blood supply and perfusion patterns, 
which CEUS can effectively capture. For 
instance, malignant lesions typically show rapid 
enhancement early on, followed by rapid wash-
out in the later stages, while benign lesions 
tend to have more stable enhancement pat-
terns [19]. Additionally, the microbubbles used 
in CEUS target the lesion area specifically, inter-
acting with the blood vessels to provide precise 
details about the vascular structure and func-
tion within the lesion. This enhances our under-
standing of the lesion’s nature. Furthermore, 
CEUS offers high temporal and spatial resolu-
tion, enabling real-time and detailed observa-
tion of the lesion’s enhancement process, 
which is crucial for accurate diagnosis.

Our findings align with previous studies, which 
have consistently highlighted the advantages 
of CEUS in liver lesion characterization. For 
instance, Li et al. [20] emphasized the ability of 
CEUS to accurately differentiate HCC from 
other hepatic lesions based on dynamic perfu-
sion patterns observed during the arterial, por-
tal venous, and late phases. Similarly, Peltec et 
al. [21] demonstrated that CEUS offers a signifi-
cant advantage over conventional US in assess-
ing the microvascular characteristics of hepatic 
lesions, which are critical for distinguishing 
malignant from benign pathologies. In our 
study, we observed similar dynamic enhance-
ment patterns, which allowed for precise clas-
sification of lesions, corroborating these earlier 
findings.

However, compared to Yang et al. [22], who 
reported CEUS sensitivity and specificity values 
of 88% and 85% for differentiating benign and 
malignant liver lesions, our study achieved 
slightly higher diagnostic metrics. This discrep-
ancy may be due to differences in patient popu-
lations, lesion characteristics, or study inclu-
sion criteria. For example, our cohort included a 
higher proportion of smaller or indeterminate 
lesions, which may have benefited more from 
the real-time microvascular imaging capabili-
ties of CEUS. Unlike conventional US, CEUS 
uses microbubble-based contrast agents that 
remain intravascular, allowing for detailed visu-
alization of microvascular structures and perfu-
sion dynamics [23]. This is particularly impor-
tant for hepatic lesions, as malignancies often 
exhibit aberrant vascular patterns, such as 
arterial-phase hyperenhancement and rapid 
washout in the portal venous phase. CEUS 
enables real-time imaging of lesion perfusion, 
allowing clinicians to observe the entire con-
trast enhancement process as it unfolds [24]. 
This capability is especially valuable for lesions 
with ambiguous characteristics on convention-
al US. The dynamic assessment of vascular 
behavior in real time not only improves diag-
nostic accuracy but also reduces the need for 
additional imaging.

Unlike CT or MRI, CEUS is radiation-free and 
non-invasive, making it particularly suitable for 
patients requiring repeated imaging, such as 
those with chronic liver disease or during sur-
veillance of at-risk populations [25]. This fea-
ture enhances its clinical utility and positions 
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CEUS as a safer alternative for vulnerable 
patient groups.

In our study, we also found that CEUS is particu-
larly efficient in differentiating the nature of 
liver nodules smaller than 1 cm. CEUS clearly 
shows the microvascular perfusion of these 
lesions. For small lesions under 1 cm, CEUS 
can accurately detect the blood flow details in 
and around the lesion, providing valuable infor-
mation for assessing the lesion’s nature. CEUS 
helps identify specific enhancement patterns, 
as different types of liver lesions exhibit charac-
teristic enhancement patterns at different 
phases. Through careful observation and anal-
ysis of these patterns, more accurate judg-
ments can be made [26]. Additionally, the tech-
nology allows for real-time dynamic monitoring 
[27], enabling continuous observation of the 
lesion’s perfusion and washout processes. This 
is crucial for understanding the characteristics 
and behavior of small lesions. Furthermore, 
CEUS’s high resolution allows for better distinc-
tion of the boundaries and internal structures 
of small lesions, facilitating a more comprehen-
sive assessment of their properties.

The liver has a dual blood supply from the 
hepatic artery and portal vein. CEUS allows 
observation of three vascular phases: the arte-
rial phase, portal venous phase, and delayed 
phase [28]. By analyzing the enhancement pat-
terns during these phases, different types of 
liver lesions can be differentiated. CEUS dy- 
namically and in real time reflects the charac-
teristic changes of various liver lesions across 
these phases, which helps in distinguishing 
benign from malignant lesions [29, 30]. Our 
study found that local blood flow in the arterial 
phase of malignant lesions was significantly 
higher than in benign lesions, while in the 
delayed phase, blood flow was significantly 
lower, indicating clear differences in the blood 
supply between the two types of lesions. This 
finding is consistent with previous studies [31-
33]. This difference is primarily due to the 
“rapid in, rapid out” perfusion pattern in malig-
nant tumors, whereas benign tumors exhibit a 
“rapid in, slow out” pattern. As a result, malig-
nant lesions typically show high enhancement 
in the arterial phase, followed by a rapid wash-
out in the portal venous and delayed phases 
[34].

Furthermore, our study revealed that the initial 
peak time, peak time, rise time, and transit 

time of malignant lesions were significantly 
shorter than those of benign lesions, while the 
perfusion index was significantly higher. This 
suggests that blood perfusion in malignant 
lesions is relatively rich. This phenomenon is 
mainly due to the faster clearance of the con-
trast agent from malignant tissues compared 
to benign tissues, as well as the greater num-
ber of blood vessels in malignant lesions, which 
supports increased perfusion [35]. The pres-
ence of neovascularization in malignant lesions 
leads to a relatively richer blood supply. The 
more abundant the arterial blood supply to liver 
lesions, the shorter the contrast agent arrival 
time during CEUS [36, 37].

The clinical application of CEUS in diagnosing 
liver SOLs holds significant promise, offering 
several advantages that could transform diag-
nostic practices in hepatology. With its ability to 
provide real-time dynamic imaging and superior 
contrast resolution, CEUS has become a valu-
able tool for distinguishing between benign and 
malignant liver lesions. A key advantage of 
CEUS is its potential for broader adoption as a 
first-line diagnostic tool. Compared to tradition-
al imaging methods like CT and MRI, CEUS is 
less invasive, radiation-free, and more cost-
effective. These qualities make it particularly 
suitable for routine diagnostics, follow-up eval-
uations, and for patient populations requiring 
frequent imaging, such as those with chronic 
liver diseases or a history of HCC.

Furthermore, advancements in contrast agents 
and imaging technologies are expected to fur-
ther enhance the diagnostic accuracy of CEUS. 
The development of next-generation contrast 
agents with better safety profiles and longer 
retention times in the vascular system could 
improve the visualization of lesion microvascu-
lar structures, enabling more precise charac-
terization of tumor perfusion patterns. Addi- 
tionally, integration with artificial intelligence 
(AI) and machine learning algorithms has the 
potential to standardize image interpretation, 
reduce operator dependence, and improve 
diagnostic consistency across various clinical 
settings.

In personalized medicine, CEUS may also play a 
crucial role in tailoring treatment strategies for 
patients with liver lesions. By providing detailed 
information on vascularization and perfusion, 
CEUS can assist in determining the suitability 
of specific interventions such as transarterial 
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chemoembolization (TACE), radiofrequency ab- 
lation (RFA), or systemic therapies. Moreover, 
its real-time monitoring of therapeutic response 
offers opportunities to optimize treatment pro-
tocols and improve patient outcomes.

Despite its promising prospects, several chal-
lenges must be addressed to fully realize  
the potential of CEUS in clinical practice. 
Standardization of diagnostic criteria, particu-
larly for complex lesions, remains an important 
area for future research. Large-scale multi-
center studies and clinical trials are needed to 
validate its efficacy and reproducibility across 
diverse patient populations. Additionally, the 
availability of CEUS expertise and training pro-
grams for healthcare professionals must be 
expanded to ensure widespread and effective 
implementation.

The clinical value of CEUS in diagnosing liver 
SOLs is substantial, with the potential to im- 
prove diagnostic accuracy, optimize therapeu-
tic strategies, and enhance overall patient 
management. With ongoing technological ad- 
vancements and efforts to address current lim-
itations, CEUS is poised to play an increasingly 
pivotal role in hepatology and liver disease 
management.

This study has several limitations. First, its ret-
rospective design introduces potential selec-
tion bias. Second, the sample size of patients 
with liver carcinoma was small, and some 
patients did not meet the inclusion criteria. 
Third, comparative analysis with other imaging 
methods, such as enhanced CT or MRI, was not 
included. Additionally, while the study focused 
on evaluating the diagnostic performance of 
CEUS for liver SOLs based on imaging charac-
teristics, the retrospective nature of the data 
and incomplete pathological and prognostic 
parameters limited further analysis. Future pro-
spective studies should include detailed patho-
logical data and long-term follow-up to better 
understand the relationship between CEUS 
findings, pathological features, and patient 
prognosis.

In conclusion, CEUS is effective for diagnosing 
liver SOLs, with higher sensitivity and specifici-
ty than conventional US, making it a highly valu-
able tool in clinical diagnostics.
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