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Background: The parietal pleural adhesion/invasion of lung cancer can contribute substantially to poor
prognosis and difficulty in surgery. The value of ultrasound in evaluating the parietal pleural adhesion or
invasion (pleural adhesion/invasion) of lung cancer remains uncertain. This study investigated the value
of B-mode ultrasound and contrast-enhanced ultrasound (CEUS) in diagnosing parietal pleural adhesion/
invasion of subpleural lung cancer.

Methods: The study animals included 40 male New Zealand white rabbits. A rabbit subpleural lung
cancer model was constructed by injecting VX2 tumor tissue under ultrasound guidance. In the 1-3
weeks after subpleural lesion formation, parietal pleural adhesion/invasion of the largest subpleural lesion
was evaluated with B-mode ultrasound and CEUS by two sonographers. The parietal pleural adhesion/
invasion was also determined using the gold standard method of findings from anatomical and pathological
examination.

Results: Ultimately, 34 rabbits were subjected to complete ultrasonic evaluation. There were 20 and
14 cases with and without parietal pleural adhesion/invasion, respectively, as confirmed by anatomical
and pathological evaluations. The diagnostic sensitivity, specificity, and accuracy of sonographer 1 using
B-mode ultrasound were 50.0% [95% confidence interval (CI): 26.0-74.0%], 100%, and 70.6% (95% CI:
54.5-86.7%), respectively; for CEUS, they were 90.0% (95% CI: 75.6-100.0%), 100.0%, and 94.1% (95%
CI: 85.8-100.0%), respectively. The diagnostic sensitivity, specificity, and accuracy of sonographer 2 using
B-mode ultrasound were 45.0% (95% CI: 21.1-68.9%), 92.9% (95% CI: 77.5-100.0%), and 64.7% (95%
CI: 47.8-81.6%), respectively; for CEUS, they were 85.0% (95% CI: 67.9-100.0%), 100.0%, and 91.2%
(95% CI: 81.1-100.0%), respectively. The diagnostic accuracy of sonographer 1 was higher with CEUS than
with B-mode ultrasound, but not significantly so (94.1% wvs. 70.6%; P=0.08). The diagnostic accuracy of
sonographer 2 was significantly higher with CEUS than with B-mode ultrasound (91.2% wvs. 64.7%; P=0.03).
The interrater reliability was higher for CEUS than for B-mode ultrasound (k=0.941 vs. k =0.717).
Conclusions: Based on an animal model, B-mode ultrasound and CEUS both exhibited good diagnostic
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efficacy and interrater reliability in evaluating parietal pleural adhesion/invasion of subpleural lung cancer

although CEUS outperformed B-mode ultrasound for both measures.
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Introduction

Lung cancer is a common cause of cancer-related death
worldwide (1). Accurate tumor-node-metastasis (TINM)
staging is crucial for optimizing treatment programs and
improving prognosis, with the degree of pleural invasion
of peripheral lung cancer being an important indicator of
T staging. Specifically, parietal pleural invasion, designated
as pleural invasion 3 based on pleura status, is a factor that
contributes to poor prognosis and serves as an important
indicator for upgrade to stage T3 (2-5). In such cases,
radical surgery, such as extrapleural or total resection, is
usually required (6,7). Moreover, parietal pleural adhesion/
invasion increases surgical difficulty. Chemotherapy
regimens also depend on the pleural invasion stage of lung
cancer (8,9). Hence, precise preoperative identification of
parietal pleural invasion is essential.

Several noninvasive medical imaging techniques have
been reported for identifying parietal pleural invasion, with
computed tomography (CT) being the most commonly
used for lung cancer (10-12). Recently, one study attempted
to identify parietal pleural invasion or adhesion (invasion/
adhesion) by assessing the abnormal regional motion of
the lung surface via four-dimensional dynamic-ventilation
CT. The diagnostic accuracy for evaluating parietal
pleural invasion or adhesion was significantly higher than
that of conventional chest CT, although only 18 cases
were investigated (10). Similarly, others have reported
that dynamic magnetic resonance imaging (MRI) can
help evaluate parietal pleural and chest wall invasion and
improve conventional CT or MRI accuracy in predicting
chest wall invasion of lung cancer (11). Although advanced
CT and MRI technologies exhibit good diagnostic
performance for parietal pleural or chest wall invasion, they
are relatively expensive, cumbersome, and—in the case of
CT scans—emit radiation. In contrast, ultrasonography
offers advantages in terms of cost-effectiveness and real-
time evaluation of relative movement. Historically,
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ultrasound was perceived to be less efficacious in evaluating
lesions within the lung due to alveolar gas interference.
However, subpleural lesions in peripheral lung cancer
invasion can be clearly detected by ultrasound without such
interference. Thus, ultrasonography may be an effective
method for evaluating the parietal pleural adhesion/invasion
of subpleural lung cancer.

B-mode ultrasonography has demonstrated superior
accuracy in assessing the chest wall invasion of lung cancer
compared to traditional CT (13,14). However, this invasion
is a type of deep parietal pleural invasion. Lesion mobility
and direct signs of invasion in cases of extensive and
deep parietal pleural invasion may be obvious and easy to
detect; however, early superficial adhesion/invasion may
not significantly affect lung lesion mobility, and signs of
direct invasion may be occult. Therefore, a more accurate
imaging technique is necessary to evaluate the parietal
pleural adhesion/invasion of lung cancer, especially for early
invasion. Contrast-enhanced ultrasound (CEUS) presents
superior contrast compared to two-dimensional ultrasound
and provides real-time visualization of microvessel
distribution in tissues (15,16). CEUS also overcomes the
disadvantage of respiratory motion artifacts when observing
blood perfusion. CEUS has been reported to have high
accuracy in evaluating the degree of capsular invasion and
peripheral tissue infiltration of thyroid cancer, cervical canal
cancer, and other organ tumors (17-19). However, its value
in evaluating parietal pleural invasion of peripheral lung
cancer remains uncertain.

The VX2 tumor originates from squamous cell carcinoma
derived from rabbit papilloma induced by the Shope virus.
It exhibits characteristics such as implantation feasibility
in multiple sites, high survival rate after implantation, and
rapid growth. The construction of a rabbit lung cancer
animal model using the VX2 tumor has been widely reported
for establishing lung cancer patterns and for conducting
imaging studies of lung cancer (20-22). This study aimed to
investigate the value of B-mode ultrasound and CEUS in
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diagnosing parietal pleural adhesion/invasion of subpleural
lung cancer in a rabbit lung VX2 tumor model. We present
this article in accordance with the STARD reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1542/rc).

Methods
Animals and ethical considerations

The study was approved by the Animal Ethics and Welfare
Committee of Southern Medical University (No. NFYY-
2021-0339) in compliance with the institution’s guidelines
for the care and use of animals. The study included
40 male New Zealand white rabbits (Southern Medical
University, Guangzhou, Guangdong, China), with an
average body weight of 2.5-3.0 kg and aged between 3 and
4 months. Each rabbit was housed individually in cages
maintained at a temperature of 16-25 °C and humidity of
40-70%. Rabbits, housing, and experimental environments
were specific pathogen free. Rabbits were housed in air-
conditioned cages with ad libitum access to laboratory
food and drinking water, with regular cleaning being
conducted. After 2 weeks of domestication, all the rabbits
remained healthy.

Preparation of tumor-bearing rabbits

The VX2 tumor tissue, provided by the Experimental
Animal Center of Southern Medical University, was
dissected using ophthalmic scissors and inoculated into the
lateral muscle of the proximal thigh via syringes. One-week
postinjection, tumor formation at the injection site was
examined via Doppler ultrasound. Successful formation of
the VX2 tumor tissue was confirmed through the detection
of blood supply at the injection site. Once the tumor
reached a size of 1 cm, the tumor tissues were extracted and
used to construct the lung cancer model.

Model construction and confirmation of subpleural lung
tumors

The objective of this study was to develop an animal model
with peripheral lung lesions involving pleural contact,
specifically a model of subpleural lung cancer with early
parietal pleural invasion. If the injection site were far from
the pleura, a large tumor lesion and long growth period
would be required to meet the model criteria. However,
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if the lesions were too large or had a prolonged growth
period, this would likely weaken the rabbits, thus making
anesthetic procedures and ultrasound examination difficult.
Overall, the injection point should be located in the lung
parenchyma as close as possible to the parietal pleura. This
study adopted ultrasound-guided tumor injection to meet
the modeling requirements. The details of the procedure
were as follows.

Following anesthesia induction, the left or right chest
was randomly selected, with the injection area being as
distant as possible from the heart. Skin preparation and
routine disinfection were performed on the chest of the
target area. A syringe containing 1-2 mL of VX2 tumor
tissue block suspension was prepared. First, the needle
tip was guided to the pleura under real-time ultrasonic
guidance. Subsequently, the needle was advanced 3-5 mm
into the subpleural lung parenchyma, and the VX2 tumor
tissue was immediately injected (see Figure I). Postinjection
complications, such as pneumothorax, hemothorax,
or bleeding, were examined with ultrasound. Routine
intramuscular injection of 200,000 U/d of penicillin was
administered for 1-day postoperation to prevent pulmonary
infection. Detailed chest ultrasonography was performed
7 days after tumor implantation. The model was considered
to be successfully established if a subpleural lung tumor was
detected by ultrasound in the injection area.

Evaluation of subpleural lung lesions and parietal pleural
adbesion/invasion

Within 1-3 weeks following subpleural lesion formation,
parietal pleural invasion of the largest subpleural lesions was
evaluated by ultrasound.

After anesthesia induction, the rabbits were positioned
laterally. Ultrasonographic evaluation was performed using
a transthoracic ultrasound instrument (Resona 7T; Mindray,
Shenzhen, China) with an L9-3U probe (2.5-9.0 MHz).
Lung lesions and pleura were evaluated via B-mode
ultrasound and CEUS. A sonographer (sonographer 1)
with 5 years of experience in chest ultrasound and CEUS
performed the ultrasonography and collected lesion data.
B-mode ultrasound scanning progress was recorded and
stored intermittently. A 0.5 mL/kg bolus of contrast agent
(Sonovue; Bracco, Milan, Italy) was then intravenously
injected and was followed by a 5.0-mL saline flush.
Subsequently, the area was continuously observed for
180 seconds. To test the interrater reliability, another
sonographer (sonographer 2) who was blinded to the
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Figure 1 Construction of the rabbit subpleural lung tumor model via injection VX2 tumor tissue under ultrasonic guidance. (A) The needle

tip reaches the chest wall under real-time ultrasound guidance but does not touch the pleura (red arrow: needle tip; white arrow: pleura).

(B) The needle tip reaches the pleura under real-time ultrasonic guidance (red circle: the point where the needle tip touches the pleura).

(C) The needle tip pierces the pleura and penetrates 3—5 mm into the lung parenchyma; echogenic changes appear the pleuropneumonic

interface (white circle). (D) No pneumothorax or hemothorax is detected by ultrasound after puncture.

assessment made by sonographer 1 and who had 5 years
of experience in chest ultrasound and CEUS reviewed the
stored ultrasound scanning video.

Characteristics observed via B-mode ultrasound included
the lesion size, presence of pleural effusion, relative
movement between subpleural lesions and the chest wall,
and communication region between the lesion and the
parietal pleura. Lesion size was determined by measuring
the maximum diameter of the lesion on ultrasound. As the
movement of the lesion could be affected by the respiratory
state of the rabbit, the movement was only used as an
indicator of suitability for CEUS and not as a standard
to confirm whether the lesion was adhesive or invasive.
Analysis of adhesion/invasion via B-mode ultrasound
analysis of was mainly conducted by observing whether
there was an adhesion/invasion zone between the lesion
and the parietal pleura. A contiguous band between the two
indicated adhesion/invasion; while a mass and a parietal
pleura that were smooth and not clearly connected indicated
noninvasion.

Characteristics observed via CEUS included the
continuity of the parietal pleura, the communication region
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between the lesion and the parietal pleura, and abnormally
enhanced areas between lesions and the parietal pleura.
When a connection was found between the mass and the
parietal pleura, adhesion/invasion was considered present;
otherwise, adhesion/invasion was considered absent.

Diagnostic gold standard of subpleural lesion with parietal
pleural adbesion/invasion

The gold standard for detecting parietal pleural adhesion/
invasion of subpleural lung cancer is based on anatomical
findings during operation and pathological examinations.
Following ultrasound evaluation, the affected disease
locations, including the lesion, surrounding lung tissue, and
pleura, were anatomically analyzed to ascertain the integrity
of the parietal pleura and the presence of adhesions between
the parietal pleura and the lesions. Lesions without parietal
pleural adhesion/invasion was considered when pleura
was smooth and complete without adhesion to the lesion.
Conversely, adhesion/invasion of the parietal pleura was
confirmed if adhesion was present between the lesion and
the parietal pleura upon dissection. When parietal pleural
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invasion was suspected and assessment of adhesion/invasion
between the lesion and parietal pleura was challenging
during the anatomical assessment, a pathological evaluation
of the subpleural lesion, visceral pleura, and parietal pleura
was conducted for confirmation. All anatomical specimens
were fixed in 10% formalin and sent for histopathological
examination, which included paraffin-embedding, careful
sectioning, and hematoxylin and eosin (HE) staining.
All pathological procedures were determined through
consultation between two pathologists with at least 5 years
of experience who were blinded to the sonographers’
evaluation results.

Statistical analyses

Statistical analyses were performed using SPSS version 22.0
(IBM Corp., Armonk, NY, USA). Continuous variables
are expressed as the means with standard deviations,
and categorical variables are expressed as frequencies or
percentages. The accuracy, specificity, and sensitivity of
B-mode ultrasound and CEUS in diagnosing parietal
pleural adhesion/invasion of subpleural lung cancer by
sonographers 1 and 2 were analyzed. The interrater
reliability for B-mode ultrasound and CEUS was assessed
using weighted kappa statistics. A P value <0.05 in a two-
sided test was considered statistically significant.

Results

No immediate pneumothorax or hemorrhage was
observed in any rabbit following ultrasound-guided
injection. However, three rabbits died under anesthesia
before ultrasound evaluation, and an additional three
rabbits died during feeding within 1-3 weeks after model
construction. Ultimately, 34 rabbits were subjected to
complete ultrasonic evaluation. Within 10-14 days after
tumor injection, ultrasonography detected subpleural
lung cancer in all 34 rabbits (15 left lesions and 19 right
lesions), indicating a 100% tumor formation rate. There
were 20 and 14 cases of subpleural lesions with and without
parietal pleural adhesion/invasion, respectively, confirmed
by anatomical and/or pathological assessments. Among the
14 cases without adhesion/invasion, lesions were observed
on days 7, 14, and 18 after tumor injection in 7, 6, and
1 cases, respectively (see Figure 2). Among the 20 cases with
adhesion/invasion, parietal pleural adhesion/invasion was
observed on days 14, 18, and 21 after tumor injection in 4, 8,
and 8 cases, respectively (see Figure 3).
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B-mode ultrasound examination

Sonographer 1 identified 10 and 24 subpleural lesions with
and without parietal pleural adhesion/invasion, respectively,
through B-mode ultrasonography. Compared with the gold
standard method, sonographer 1 diagnosed 24 cases correctly
and 10 cases incorrectly, all of which were false negatives.
The sensitivity, specificity, and accuracy of sonographer 1
using B-mode ultrasound were 50.0% [95% confidence
interval (CI): 26.0-74.0%], 100.0%, and 70.6% (95% CI:
54.5-86.7%), respectively (see Tuble 1). Sonographer 2
identified 10 and 24 subpleural lesions with and without
parietal pleural adhesion/invasion, respectively, through
B-mode ultrasonography. Compared with the gold standard
method, sonographer 2 diagnosed 22 cases correctly and 12
cases incorrectly. Of the latter, there was 1 false positive and
11 false negatives. The sensitivity, specificity, and accuracy of
sonographer 2 using B-mode ultrasound were 45.0% (95%
CI: 21.1-68.9%), 92.9% (95% CI: 77.5-100.0%), and 64.7%
(95% CI: 47.8-81.6%), respectively (see Table I).

CEUS examination

The 34 cases of subpleural lesions were unevenly enhanced
in CEUS. Sonographer 1 identified 18 and 16 cases
of subpleural lesions with and without parietal pleural
adhesion/invasion, respectively, through CEUS. Compared
with the gold standard method, sonographer 1 correctly
diagnosed subpleural lesions with adhesion/invasion in 32
cases and incorrectly in 2 cases. Of the latter, both were
false negatives. The sensitivity, specificity, and accuracy of
sonographer 1 using CEUS were 90.0% (95% CI: 75.6-
100.0%), 100.0%, and 94.1% (95% CI: 85.8-100.0%),
respectively (see Table I). Sonographer 2 identified 17 and
17 cases of subpleural lesions with and without parietal
pleural adhesion/invasion, respectively, through CEUS.
Compared with the gold standard method, sonographer
2 correctly diagnosed subpleural lesions with parietal
pleural invasion in 31 cases and incorrectly in 3 cases, all of
which were false negatives. The sensitivity, specificity, and
accuracy of sonographer 2 using CEUS were 85.0% (95%
CIL: 67.9-100.0%), 100.0%, and 91.2% (95% CI: 81.1-
100.0%), respectively (see Table 1).

Comparison of accuracy and intervater reliability between
B-mode ultrasound and CEUS

The diagnostic accuracy of sonographer 1 using CEUS
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Figure 2 Subpleural lung cancer without parietal pleural adhesion/invasion. (A) B-mode ultrasound and contrast-enhanced ultrasound show
the parietal pleura is smooth and complete, with no obvious invasion or adhesion between the lesion and the parietal pleural. (B) Pathology
confirms (hematoxylin and eosin staining, x100) no parietal pleural adhesion/invasion. The red arrow indicates the tumor, and the white
arrow indicates the parietal pleura. (C) Dissection confirms no parietal pleural adhesion/invasion. The red arrow indicates the tumor, and

the white arrow indicates the parietal pleura.
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Figure 3 Subpleural lung cancer with early local invasion of the pleura and parietal pleural adhesion/invasion. (A,B) No obvious invasion/
adhesion is observed by B-mode ultrasound, while invasion/adhesion between the lesion and parietal pleural is detected by contrast-

enhanced ultrasound (red arrow). (C) Invasion/adhesion between the lesion and parietal pleura is also found during dissection (red arrow).
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Table 1 The accuracy of the two sonographers in evaluating parietal pleural adhesion/invasion using and CEUS and B-mode ultrasound

Dissection and/or pathology, number

Evaluator Ultrasound diagnosis

Adhesion/invasion (20)

Accuracy (95% Cl)
No adhesion/invasion (14)

Sonographer 1 B-mode ultrasound -

Adhesion/invasion 10
No adhesion/invasion 10
CEUS -
Adhesion/invasion 18
No adhesion/invasion 2
Sonographer 2 B-mode ultrasound -
Adhesion/invasion 9
No adhesion/invasion 11
CEUS -
Adhesion/invasion 17
No adhesion/invasion 3

- 70.6% (54.5-86.7%)
0 -
14 -
- 94.1% (85.8-100.0%)
0 -
14 -
- 64.7% (47.8-81.6%)
1 -
13 -
- 91.2% (81.1-100.0%)
0 —

CEUS, contrast-enhanced ultrasound; Cl, confidence interval.

was not significantly higher than that of using B-mode
ultrasound (94.1% vs. 70.6%; P=0.08). Meanwhile, the
diagnostic accuracy of sonographer 2 using CEUS was
significantly higher than that of using B-mode ultrasound
(91.2% wvs. 64.7%; P=0.03). The « value of interrater
reliability between sonographers 1 and 2 was 0.717 for
B-mode ultrasound (P<0.001), and the x value of interrater
reliability between sonographers 1 and 2 was deemed to be

excellent for CEUS (k=0.941; P<0.001).

Discussion

Accurate and convenient preoperative diagnostic imaging
of parietal pleural adhesion/invasion is important for
formulating treatment plans for patients with peripheral
lung cancer. To achieve this, we established a novel animal
model of subpleural lung cancer with parietal pleural
adhesion/invasion through ultrasound-guided injection.
Subsequently, we investigated the value of CEUS in
evaluating parietal pleural adhesion/invasion of subpleural
lung cancer and compared the diagnostic efficacy and
interrater reliability of CEUS and B-mode ultrasound.
Previously reported methods for establishing a rabbit
VX2 lung tumor model have mainly included blind
percutaneous injection, percutaneous CT-guided injection,
and transbronchial inoculation (20-22). Blind injection
poses challenges in controlling the injection site, and
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percutaneous CT-guided injection, despite facilitating
injection site monitoring, is cumbersome, radioactive, and
relatively expensive. Transbronchial inoculation presents
difficulty in injecting tumor tissues into the subpleural
bronchioles and is highly dependent on the operator’s
skill and experience. Considering the advantages of real-
time ultrasonography, including convenience, absence of
radiation exposure, and low cost, we attempted to establish
an animal model using percutaneous ultrasound-guided
injection. The needle tip was directed to the pleura under
ultrasonic guidance and tumor tissues were immediately
injected, ensuring precise injection as close to the pleura as
possible (see Figure I). This novel approach to constructing
a subpleural lung tumor model through ultrasound-guided
tumor injection provides a new animal model of lung
tumors and may be beneficial for subsequent research.
Ultrasonography cannot discover lesions within the
lung due to interference of lung gases, leading to its
underutilization in diagnosing thoracic tumors. However,
the chest wall, pleura, and subpleural lung tumors are not
impacted by lung gases, and their locations are shallow (see
Figure 2). Therefore, the association between subpleural
lung cancer and the parietal pleura, such as adhesion/
invasion, can be investigated by ultrasound. Researchers
have reported B-mode ultrasound to be more accurate than
CT in diagnosing wall invasion of lung cancer, possibly
because ultrasound allows for real-time evaluation of
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a lesion’s movement (13,14). The weakness in relative
movement between lung lesions and the parietal pleura or
chest wall is an important imaging feature for diagnosing
parietal pleural adhesion/invasion, whether by ultrasound,
four-dimensional dynamic-ventilation CT, or dynamic
MRI (10-14). However, chest wall invasion represents deep
parietal pleural invasion. It remains uncertain whether
such weak movement can help diagnose early local parietal
pleural adhesion/invasion. In the early parietal pleural
adhesion/invasion animal model developed in this study,
there was a tendency toward weaker movement in cases
involving large-scale or deep invasion. However, such
movement may not necessarily be significantly weakened in
slight local or early-stage parietal pleural adhesion/invasion.
Therefore, in addition to examining lesion movement,
observing areas of adhesion/invasion is also critical. In
our study, we used continuity of the parietal pleura and
communication between lesions and the parietal pleura to
determine the accuracy of B-mode ultrasound in diagnosing
parietal pleural adhesion/invasion of subpleural lung cancer,
ultimately yielding an accuracy of 70.6%, which is slightly
lower than previously reported rates. This is likely due to
the prevalence of early local parietal pleural invasion in our
cases (13,14).

Although B-mode ultrasound has acceptable diagnostic
efficacy in diagnosing parietal pleural adhesion/invasion
of subpleural lung cancer, employing advanced ultrasound
technologies may further improve the diagnostic value
of ultrasonography. With the increasing recognition and
application of thoracic ultrasound, the value of CEUS in
diagnosing lung and pleural diseases has attracted greater
attention. CEUS can differentiate benign from malignant
lung lesions and lung cancer with pneumonia (22-24).
CEUS also has good diagnostic efficacy in differentiating
benign from malignant pleural diseases (25,26). However,
its value in diagnosing parietal pleural invasion of subpleural
lung cancer remains uncertain. This is the first study to
investigate the value of CEUS value in evaluating parietal
pleural adhesion/invasion of subpleural lung cancer,
revealing a sensitivity, specificity, and accuracy of 90.0%,
100.0%, and 94.1%, respectively. We also demonstrated
that the accuracy of CEUS was significantly better than
that of B-mode ultrasound. One study reported that CEUS
is a more valuable noninvasive imaging technique than is
B-mode ultrasound for detecting extracapsular extension of
papillary thyroid cancer due to its ability to detect abnormal
microvascular perfusion at the invasion area (17). The
formation of adhesion/invasion is based on the formation of

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

3309

abnormal microcirculation whether in the early or progressive
stages. CEUS is convenient and can be performed in real
time, and it has high sensitivity in detecting microvascular
perfusion. Additionally, CEUS can observe the relative
movement between the lesion and chest wall and can also
identify areas of early-stage adhesion/invasion, unlike B-mode
ultrasound (see Figure 3). Overall, CEUS exhibited excellent
diagnostic ability in evaluating parietal pleural invasion of
subpleural lung cancer, especially early-stage invasion.

We also investigated the interrater reliability of CEUS
and B-mode ultrasound in diagnosing parietal pleural
adhesion/invasion of subpleural lung cancer; in addition
to diagnostic accuracy, this metric is also an important
indicator of the clinical applicability of ultrasonography,
especially in emerging fields. CEUS has exhibited
excellent interrater reliability in evaluating lesion size
and enhancement mode, as well as in identifying inferior
vena cava wall invasion (k=0.90) and differentiating bland
thrombus from tumor thrombus («k=0.97) (27-29). In our
study, we found that CEUS and B-mode ultrasound had
satisfactory interrater reliability in evaluating parietal
pleural adhesion/invasion, but CEUS was superior to
B-mode ultrasound (k=0.941 vs. k=0.717).

This study has some limitations. First, an animal model
was employed, so further clinical verification is required.
Second, due to experimental constraints, ultrasonography
was not compared with CT or MRI. Furthermore, adhesion
and invasion were not subdivided in this study. Finally, due
to limited sample sizes, we could not analyze the factors
influencing diagnostic accuracy.

Conclusions

Based on an animal model, B-mode ultrasound and
CEUS exhibited good diagnostic efficacy and interrater
reliability in evaluating parietal pleural adhesion/invasion of
subpleural lung cancer, with CEUS showing superiority in
both metrics.
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