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Abstract
Purpose To explore the diagnostic performance and feasibility of high-frame-rate contrast-enhanced ultrasound 
(HFR CEUS) combined with contrast vector imaging (CVI) in detecting benign and malignant superficial lymph nodes 
(SLNs).

Materials and methods In this single-center prospective study conducted between October 2023 and February 
2024, 38 consecutive patients with suspected SLN lesions underwent B-mode US, HFR CEUS examination, and post-
processing CVI analysis. Their diagnosis was confirmed using fine-needle aspiration cytologic or histopathologic 
examination. The diagnostic efficacy of HFR CEUS alone and the combination of HFR CEUS with CVI for benign and 
malignant LN diagnosis was compared and the significance of other CVI parameters was evaluated.

Results The final data set included 38 participants (mean age, 56 ± 16 years) with 42 SLN lesions. Both HFR CEUS 
alone and HFR CEUS combined with CVI examination showed differences in the contrast patterns of benign and 
malignant SLNs (all P < 0.001). The contrast pattern of benign LNs was predominantly centrifugal, while that of 
malignant LNs was primarily centripetal and hybrid and they were more likely to exhibit perfusion defects. The 
comparison between CVI combined with HFR CEUS examination and pathological results for the diagnosis of benign 
and malignant LNs showed a high level of consistency with a kappa value of 0.81. Comparison with HFR CEUS alone 
resulted in a kappa value of 0.66.

Conclusion HFR CEUS combined with CVI examination demonstrated a good performance in distinguishing benign 
and malignant SLNs.
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Introduction
Superficial lymph node (SLN) lesions are complex and 
diverse. Most SLN lesion patients display no obvious 
clinical symptoms at the early stages, and sometimes 
LN enlargement is the only initial complaint. Theoreti-
cally, various diseases may contribute to LN enlargement, 
including cancer, infection, and tuberculosis [1]. At the 
same time, the incidence and mortality rates of malignant 
LN lesions have shown an upward trend in recent years 
[2]. Therefore, it is very important to clarify the nature of 
benign or malignant SLNs as early as possible for patient 
survival and optimal prognosis.

There are many imaging methods for the diagnosis of 
lymphadenopathy, including ultrasound (US), computed 
tomography (CT), magnetic resonance imaging, and pos-
itron emission tomography-CT [3, 4]. Among them, US 
is a commonly used imaging method as it can determine 
many important LN parameters and is more convenient 
and cost-effective compared to other examinations [5]. 
However, it is difficult to distinguish complex SLN lesions 
solely based on B-mode US [6]. Contrast-enhanced US 
(CEUS) combined with the use of US contrast agents 
can show the microvascular state and blood supply of 
LNs in real time [7]. High-frame-rate CEUS (HFR CEUS) 
enhances the temporal resolution of images by increas-
ing the acquisition frame rate, thereby obtaining more 
detailed information about arterial phase perfusion 
[8–11]. However, CEUS results are subjective compared 
to those of other imaging examinations and there is cur-
rently no unified diagnostic standard. Accurate assess-
ment of SLN lesions’ angiographic patterns remains 
challenging. The emergence of post-processing contrast 
vector imaging (CVI) technology can effectively compen-
sate for CEUS’ shortcomings. CVI is a post-processing 
technique that can automatically match frames and track 
contrast bubbles, displaying the results in various forms 
by analyzing HFR US contrast images. It can quantita-
tively and objectively assess blood flow at the target site, 
while also obtaining additional qualitative information. 
Therefore, the combination of HFR CEUS with CVI tech-
nology can display the angiographic characteristics of the 
lesion with higher temporal and spatial resolution [12]. 
Many studies have reported on the effectiveness of HFR 
CEUS examination in the diagnosis of benign and malig-
nant SLN lesions. However, there is no relevant research 
discussing the value of CVI technology in SLN lesions. 
Therefore, the present study aimed to explore the diag-
nostic value and feasibility of HFR CEUS combined with 
CVI in SLN lesions.

Materials and methods
Participants
The present prospective single-center cohort study was 
approved by the medical ethics committee (YX2023-211). 

All participants provided written informed consent 
before the examination. Consecutive participants with 
suspected SLN lesions who underwent conventional 
B-mode US and HFR CEUS examinations between Octo-
ber 2023 and February 2024 were subjected to fine-nee-
dle aspiration biopsy or histopathological examination of 
the target LN.

The inclusion criteria: those patients had suspicious 
lymph nodes that could not be determined as benign or 
malignant by two-dimensional ultrasound.

The following patients were excluded: (a) those who 
were allergic to contrast agents, (b) those who were preg-
nant, (c) those who had a history of surgery or radiation 
therapy, and (d) those who had undergone thermal abla-
tion therapy.

Equipment and materials
The study experiments were carried out on an US sys-
tem Aplio i900 (Canon Medical Systems, Tokyo, Japan) 
equipped with PLI-1205BX and PLI-705BX probes, in 
which the PLI-1205BX probe was used for B-mode US 
examination and the PLI-705BX probe was used for 
HFR CEUS examination. CEUS images were obtained 
in contrast-specific US mode (advanced pulse subtrac-
tion mode, HFR CEUS) with the following parameters: 
contrast harmonic frequency, 3.5–11.5  MHz; mechani-
cal index, 0.12; dynamic range, 60 dB; gain, 75 dB; and 
frame rate, 49–51 frame/sec. With the HFR CEUS tech-
nique using multi-beam receiver and multi-harmonic 
compounding technique, high temporal resolution arte-
rial phase imaging at 49–51 frames/sec was obtained 
and used for detecting bubble contrast agents and trac-
ing bubble movements within the lesions. The contrast 
agent Sono Vue (Bracco Imaging S.p.A., Milan, Italy) was 
prepared by mixing the dry powder with 5 mL of normal 
saline.

Conventional B-mode US examination
Participants were scanned in a supine position, with their 
SLN lesions fully exposed. US examination was used to 
assess the size and vascular index (VI) in superb micro-
vascular imaging and power Doppler of SLN lesions.

HFR CEUS combined with CVI examination
The relevant parameters were adjusted in the HFR CEUS 
mode. First, the patient was instructed to breathe calmly, 
and a nurse administered 2.5 mL of Sono Vue through 
the antecubital vein, followed by 5 mL of normal saline. 
The radiologist immediately recorded and stored the 
continuous HFR contrast images of the target lesion last-
ing for 60  s at the workstation. Post-processing online 
software, such as CVI, was equipped at the same US sys-
tem (Aplio i900) used for HFR CEUS examination for 
convenience. The CVI software traced and automatically 
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matched the speckle pattern of each template image 
between frames [12]. There were seven display types: 
arrival time, direction, direction center, velocity, velocity 
variance, trace, and arrow. The trace and arrow visualized 
all of the detected bubbles, while the other five revealed 
their contiguous movement. Therefore, if a contrast bub-
ble was detected on a certain frame and did not move or 
disappear in the following frame, it could not be visual-
ized via the latter five display types. Furthermore, each 
display type was color-coded to provide information for 
the detected bubbles or regarding their movement in the 
form of either velocity or direction.

Pathological examination
A fine-needle aspiration biopsy or a histopathologic 
examination was performed on the LNs after B-Mode 
US and HFR CEUS examinations. Participants were 
observed for 1 h after the puncture and were allowed to 
leave if no significant discomfort was noted.

Image interpretation and analysis
The US, HFR CEUS, and CVI-processed images were 
all independently reviewed by two individual radiolo-
gists with 10 years of experience in contrast US. Any dis-
crepancies were resolved by consensus between the two. 
They were unaware of the histopathological results. LN 
CEUS characteristics were classified based on previous 
studies [13, 14] into the following patterns: (a) centrifu-
gal enhancement (i.e., contrast bubble perfusion from 
the center to the periphery); (b) centripetal enhance-
ment (i.e., contrast bubble perfusion from the periphery 
to the center); and (c) hybrid enhancement (i.e., no obvi-
ous directionality, with contrast bubble perfusion occur-
ring simultaneously in the periphery and the center). In 
addition to these patterns, the presence or absence of 
perfusion defects served as a reference in order to dis-
tinguish the benign and malignant nature of LNs. The 
CVI assessment method was also based on the location 
and timing of contrast bubble appearance. The enhance-
ment pattern of the lesioned LNs was similarly defined 
as (a) centrifugal enhancement (i.e., contrast bubbles 
were first tracked and color-coded in the center and then 
appeared in the distal end); (b) centripetal enhancement 
(i.e., contrast bubbles were first tracked and color-coded 
in the periphery and then appeared in the center); and (c) 
hybrid enhancement (i.e., contrast bubbles were tracked 
and color-coded simultaneously in the periphery and the 
center). Velocity variance of bubble flow was calculated 
as standard deviation (SD) of velocity of different bubbles 
throughout the same route and displayed as color maps 
from blue (low variance < 5 SD) to orange (high vari-
ance > 30 SD). Color maps were interpreted from blue 
to green (0–15 SD) as low-velocity variance and blue to 
orange (0–30 SD) as high-velocity variance for analysis. 

A sampling frame was used to sample the velocity within 
the lesioned LN in order to obtain velocity values for dif-
ferent sampling frames and to calculate their average.

Statistical analysis
Statistical analyses were performed using SPSS soft-
ware 27.0 (IBM). Quantitative data were represented 
as means ± SDs and t tests were used for comparisons. 
Routine US and contrast parameters were compared 
using the chi-square test. Sensitivity, specificity, posi-
tive predictive value, and negative predictive value were 
compared using the McNemar test. The kappa test was 
utilized to compare the consistency of the two methods 
with pathological results, where P < 0.05 indicated a sta-
tistically significant difference.

Results
Participant characteristics
Of 44 patients screened for inclusion, 38 (mean age, 
56 ± 16 years; 17 men and 21 women) with 42 LNs were 
included (Fig.  1). The 42 LN lesions were categorized 
based on their histological types. There were 24 malig-
nant LNs, including metastatic squamous cell carcinoma 
(n = 11), lymphoma (n = 7), metastatic adenocarcinoma 
(n = 1), metastatic papillary thyroid carcinoma (n = 4), and 
metastatic neuroendocrine small cell carcinoma (n = 1). 
Benign histological presentations accounted for 18 LNs, 
including chronic inflammation (n = 3), lymphocytes 
(n = 10), and reactive hyperplasia (n = 5). Demographic 
and clinical pathological data for the LNs are presented 
in Table  1. There were differences in age and the VI in 
SMI and power Doppler results between benign and 
malignant LN lesions (P values, 0.004, 0.001, and 0.001, 
respectively). There were no differences in patient gen-
der and maximum LN diameter (P values, 0.65 and 0.06, 
respectively).

HFR CEUS alone and HFR CEUS combined with CVI 
examination
The overall performance of HFR CEUS examination 
alone showed that 19 LNs were diagnosed as benign LNs, 
with 15 LNs confirmed by pathology, while 23 LNs were 
diagnosed as malignant LNs, with 20 ultimately con-
firmed by pathology. The sensitivity, specificity, positive 
predictive value, and negative predictive value of HFR 
CEUS examination alone were 83% (20 of 24 LNs; 95% 
confidence interval (CI): 62, 95), 83% (15 of 18 LNs; 95% 
CI: 58, 96), 87% (20 of 23 LNs; 95% CI: 65, 97), and 79% 
(15 of 19 LNs; 95% CI: 54, 93), respectively. The kappa 
value of 0.66 indicated a good agreement with pathologi-
cal results.

The overall performance of the combination of HFR 
CEUS with CVI examination was as follows: 18 LNs were 
diagnosed as benign LNs, with 16 LNs confirmed by 
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pathology, and 24 LNs were diagnosed as malignant LNs, 
with 22 LNs confirmed by pathology. The sensitivity, 
specificity, positive predictive value, and negative predic-
tive value of HFR CEUS combined with CVI examination 
were 92% (22 of 24 LNs; 95% CI: 72, 99), 89% (16 of 18 
LNs; 95% CI: 64, 98), 92% (22 of 24 LNs; 95% CI: 72, 99), 

and 89% (16 of 18 LNs; 95% CI: 64, 98), respectively. The 
kappa value of 0.81 indicated a very high agreement with 
pathological results. The combination of HFR CEUS with 
CVI examination improved the diagnostic accuracy for 
the benign and malignant nature of LNs. However, the 

Table 1 Basic characteristics of 42 lymph node lesions
Characteristic Malignant Benign χ2 or t text P-Value
Age 66 ± 14 52 ± 15 –3.02 0.004
Sex* 0.20 0.65
M 10 7
F 10 11
Node lesions maximum diameter (mm) 14.47 ± 6.94 16.56 ± 6.14 –0.70 0.49
power Doppler flow index 31.87 ± 15.18 11.70 ± 8.70 –3.45 0.001
Microvascular flow index 43.74 ± 9.18 20.39 ± 11.79 –3.44 0.001
Note: HFR CEUS = High-frame-rate contrast-enhanced ultrasound, CVI = contrast vector imaging

*Data are numbers of participants

Fig. 1 Flowchart of participant selection. LN = lymph node, HFR CEUS = high-frame-rate contrast-enhanced ultrasound, HFR combined with CVI = high-
frame-rate contrast-enhanced ultrasound combined with contrast vector imaging
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difference with HFR US contrast imaging alone was not 
statistically significant (P = 0.33).

In addition, only 11% of benign LNs (2 of 18) and 63% 
of malignant LNs (15 of 24) showed perfusion defects, 
and the difference between the two was statistically sig-
nificant (P < 0.001).

In the HFR CEUS examination alone, 19 LNs exhibited 
a centrifugal enhancement pattern, 10 showed a cen-
tripetal enhancement pattern, and 13 displayed a hybrid 
enhancement pattern. HFR CEUS was combined with 
CVI examination, which modified the results of HFR 
CEUS examination alone. These outcomes included two 
LNs with a centrifugal pattern that were changed to a 
centripetal pattern, six LNs with a hybrid pattern that 
were modified to a centripetal pattern (Fig.  2), and one 
case with a hybrid pattern that was changed to a centrifu-
gal pattern (Fig.  3). Pathological confirmation showed 
that the modified enhancement patterns were consistent 
with the pathological results, and the combined HFR 

CEUS with CVI examination increased the diagnostic 
value of contrast imaging for SLN lesions. The differences 
in enhancement patterns of benign and malignant SLNs 
in the contrast examination were statistically significant 
(all P < 0.001; Table 2).

Among the 42 LN lesions, there was no evidence of 
a difference between benign and malignant SLNs in 
terms of average velocity and velocity variance of CVI 
parameters. Benign LN velocity ranged from 4.6  mm/s 
to 31.7  mm/s, and malignant LN velocity ranged from 
3.4 mm/s to 29.9 mm/s, (P = 0.10). Malignant LNs often 
demonstrated high velocity variance (21 out of 24), 
which was displayed as a variable color map from blue to 
orange. Some benign LNs also showed high velocity vari-
ance (13 out of 18), while the rest (5 out of 18) showed 
low velocity variance, displaying color images from blue 
to green (P = 0.26).

In malignant LNs, metastatic squamous cell carci-
noma LNs were characterized by centripetal and hybrid 

Fig. 2 Images in a 56-year-old female patient with papillary thyroid carcinoma with lymph node (LN) metastasis. (a) Conventional B-mode US shows 
an LN (5 × 3 mm) with a clear margin and regular shape and indistinct cortex-medulla boundary. (b) High-frame-rate contrast-enhanced ultrasound 
examination: The area indicated by the white arrow denotes the LN location. The left image shows the initial seconds (at 24–25 s) after the contrast agent 
enters the LN, with contrast bubbles visible both peripherally and centrally. The right image shows a few seconds later(at 25–27 s), with contrast bubbles 
rapidly filling the LN, presenting a mixed contrast pattern for the entire LN. (c) High-frame-rate contrast-enhanced ultrasound combined with contrast 
vector imaging (CVI) examination: The colored arrows within the yellow box represent the direction and trajectory of the movement of bubbles automati-
cally tracked by CVI technology. The contrast bubble signal is captured by CVI technology and displayed with arrows indicating direction. The left image 
shows the initial seconds (at 24–25 s) after contrast injection, with contrast bubbles appearing mainly peripherally and arrows pointing toward the center. 
The right image shows a few seconds later(at 25–27 s), where contrast bubbles are moving from the periphery towards the center, with arrows pointing 
towards the center and displaying a centripetal contrast pattern. Pathological examination confirmed metastatic LN
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enhancement patterns, while lymphoma-affected LNs 
had primarily hybrid enhancement patterns (Fig.  4). 
Benign LNs were characterized by a centrifugal enhance-
ment pattern. The specific enhancement pattern char-
acteristics of other pathological tissue types could not 
be summarized due to the small sample size. However, 
in general, malignant LN lesions were characterized by 
centripetal and hybrid enhancement patterns. Except 
for lymphoma LNs, other malignant LNs were more 
likely to exhibit perfusion defects, while benign LNs 

demonstrated a centrifugal enhancement pattern and 
were less likely to exhibit perfusion defects.

Discussion
SLN lesions are complex and diverse and accurately diag-
nosing their disease types is a significant challenge [15]. 
Therefore, identifying the benign or malignant lesion 
nature is crucial for patient treatment and prognosis. CVI 
technology has shown good feasibility in liver nodular 
lesion imaging in previous studies, the study has demon-
strated that non-hepatocellular carcinoma tumors often 

Table 2 Comparison of benign and malignant lymph node enhancement patterns
Pathology results HFR CEUS alone HFR CEUS combined with CVI examination

Centripetal 
enhancement

Centrifugal 
enhancement

Hybrid 
enhancement

Centripetal 
enhancement

Centrifugal 
enhancement

Hybrid en-
hancement

Benign (18) 2 15 1 2 16 0
Malignant (24) 8 4 12 16 2 6
P-Value < 0.001 < 0.001
Note:HFR CEUS = High-frame-rate contrast-enhanced ultrasound, CVI = contrast vector imaging

Fig. 3 Images in a 56-year-old female patient with a benign lymph node (LN). (a) Conventional B-mode US shows an LN (8 × 5 mm) with a clear margin 
and regular shape and indistinct cortex-medulla boundary. (b) High-frame-rate contrast-enhanced ultrasound examination: The area indicated by the 
white arrow denotes the LN location. The left image shows the initial seconds (at 9–10 s) after the contrast agent enters the LN, with contrast bubbles 
visible both peripherally and centrally. The right image shows a few seconds later (at10-11 s), with contrast bubbles rapidly filling the LN, presenting a 
mixed contrast pattern for the entire LN. (c) High-frame-rate contrast-enhanced ultrasound combined with contrast vector imaging (CVI) examination: 
The colored arrows within the yellow box represent the direction and trajectory of the movement of bubbles automatically tracked by CVI technology. 
The left image shows the initial seconds (at 9–10 s) after contrast injection, with contrast bubbles concentrated on one side and arrows indicating mi-
crobubble movement towards the periphery. The right image shows a few seconds later (at10-11 s), with a large number of contrast bubbles moving 
from the center to the periphery, arrows pointing towards the periphery and showing a lymphatic gate-like change and presenting a centrifugal contrast 
pattern. Pathological examination revealed inflammatory changes in the LN
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display a peripheral rim-enhancing pattern with variable 
velocity, either high or low, whereas hepatocellular carci-
noma typically presents with a staining pattern featuring 
feeding arteries and high-velocity variance on CVI [12], 
but it has not been applied in the field of SLN lesions. 
Therefore, the present study explored the diagnostic 
value and feasibility of post-processing CVI in assessing 
the benign and malignant nature of SLN lesions, focus-
ing on the comparison of metastatic malignant LNs, 
lymphoma LN lesions, inflammatory reactive LNs, and 
reactive hyperplastic LNs. According to our preliminary 
evidence, HFR CEUS combined with CVI examination 
showed additional advantages over HFR CEUS alone 
because it can track and display color-coded movement 
of bubbles, increasing the visualization of the contrast 
pattern of the lesion LNs, which helps radiologists to 
analyze and interpret the contrast images and improves 
the diagnostic value of benign and malignant LN lesions.

In the present study, both HFR CEUS alone and HFR 
CEUS combined with CVI examination showed that the 
contrast pattern was centrifugal in benign LNs, includ-
ing those with reactive hyperplasia and inflammatory 

reactive LNs. Only 11% of benign LNs had perfusion 
defects, while malignant LNs generally showed centrip-
etal and hybrid contrast patterns and 63% demonstrated 
perfusion defects, This is consistent with previous stud-
ies. Prior studies have demonstrated that benign lymph 
nodes typically exhibit hilar blood flow patterns, whereas 
malignant lymph nodes tend to display peripheral or 
mixed patterns [11, 16]. It is possible that these specific 
enhancement patterns between malignant and benign 
LNs may be related to their blood supply methods.

Benign LNs usually have normal intact lymphatic gate 
structures, and their blood supply is provided from the 
central vessel to the lower branch vessels, thus showing 
centrifugal contrast pattern changes [16].

The LN is a lymphoid organ with a complex architec-
ture organized into three approximately radial zones: 
cortex, paracortex, and medulla. In lymphatic fluid cir-
culation, lymph fluid arrives at the outermost part of 
the organ, the capsule. Then, lymph fluid flows from the 
subcapsular sinus into the trabeculae and cortical sinuses 
and eventually through the medullary sinuses before 
leaving the LN through the efferent lymphatic vessel [17].

Fig. 4 Images in a 83-year-old male patient with cervical lymph node (LN) lymphoma. (a) Conventional B-mode US shows an LN (28 × 11 mm) with a 
punctate hyperechoic focus indicated by the white arrow. (b) High-frame-rate contrast-enhanced ultrasound: The area indicated by the white arrow 
denotes the LN location. The image shows contrast bubbles rapidly filling the LN from the center to the periphery, presenting a rapid mixed contrast pat-
tern, also known as the “blizzard” pattern, where contrast bubbles quickly enter the LN from all directions, resembling a snowstorm. (c) High-frame-rate 
contrast-enhanced ultrasound combined with contrast vector imaging (CVI) examination: The colored arrows within the yellow box represent the direc-
tion and trajectory of the movement of bubbles automatically tracked by CVI technology. The image indicates the initial seconds after contrast injection, 
with contrast bubbles appearing both peripherally and centrally and disordered arrow directions. Pathological diagnosis identified lymphoma of the LN
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In metastatic LNs, tumor cells secrete soluble factors 
and extracellular vesicles during the lymphatic circula-
tion process. These vesicles can locally affect the micro-
environment of the LNs. Lymphatic endothelial cells 
exposed to tumor-derived small extracellular vesicles 
actively proliferate and reactivate their lymphangiogenic 
program characterized by sprouting, branching, and 
eventually forming a new vessel, which alters the normal 
blood supply of the LNs [18]. Thus, the outermost layer 
of metastatic LNs is first affected by tumor cells via lym-
phatic fluid circulation, leading to the formation of new 
blood vessels followed by an inward invasion, causing the 
affected LNs to exhibit a centripetal perfusion pattern 
[19]. Immature new blood vessels and avascular necrotic 
areas are common in cancerous metastatic LNs due to 
the fast tumor growth rate, which hinders the distribu-
tion of contrast agents to these areas, leading to perfu-
sion defects.

The enhancement pattern of malignant lymphoma LNs 
is related to its pathological characteristics. Generally, 
lymphoma LNs have intact lymphatic gate structures, 
and tumor cells rarely accumulate under the capsule. 
Moreover, the blood vessels are highly proliferative and 
accompanied by small arterial dilation, making it easy for 
the contrast agent bubbles to flow and quickly distrib-
ute to the entire lymphoma. This manifests as a hybrid 
enhancement pattern. Thus, perfusion defects are less 
likely to occur compared to those in metastatic LNs. This 
observation is consistent with previous research [7, 20].

In the present study, the comparison of HFR CEUS 
alone and HFR CEUS combined with CVI examinations 
did not show statistically significant differences, which 
indicated that HFR CEUS examination is an advanced 
technique with a high value for SLN lesion diagnosis. 
However, the contrast patterns of lesion LNs that were 
small in volume and showed rapid arterial phase perfu-
sion that could not be discerned by the naked eye were 
correctly modified with the assistance of CVI post-pro-
cessing technology in the present study. As a result, two 
LNs with centrifugal patterns were changed to centripetal 
contrast pattern LNs, six LNs with hybrid contrast pat-
terns were changed to centripetal contrast pattern LNs, 
and one case of hybrid contrast pattern was changed to 
centrifugal contrast pattern. The modified results were 
consistent with the pathological results, which reflects 
the value of CVI technology. As a technical supplement, 
CVI can help radiologists make more accurate visual 
diagnoses and improve the consistency between contrast 
and pathological results.

In the present study, SMI and power Doppler imaging 
technology were also included to assess the blood flow of 
LNs in conventional US. The study showed that malig-
nant LNs have richer blood flow than benign LNs, which 
is consistent with previous research results [21, 22].

In summary, radiologists should consider various 
aspects of LN lesions and review multiple examination 
results, which is helpful for the diagnosis of SLN lesions. 
At the same time, HFR CEUS combined with CVI exami-
nation can effectively distinguish the benign and malig-
nant nature of SLN lesions, which can make up for the 
shortcomings of ordinary US contrast examination and 
help radiologists to accurately analyze LN lesions.

There were some limitations in the study. First, the 
sample size was small. Second, due to the diversity of LN 
diseases, this study could only differentiate the benign 
and malignant LN lesions and could not provide accurate 
histopathological classification.A multi-center study with 
a larger sample size is required to further validate these 
findings.

In addition, a large-sample analysis of a specific super-
ficial LN disease may yield surprising research results.
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