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Background: Pleural disease is a prevalent condition. As precision therapy advances, noninvasive imaging
modalities play even more important roles in the evaluation of pleural diseases. This study investigated the
diagnostic capabilities of high-frequency B-mode ultrasound (US) and contrast-enhanced US (CEUS) in
terms of differentiating between benign and malignant pleural diseases.

Methods: Patients with unexplained thickened pleurae were prospectively analyzed via transthoracic US.
High-frequency B-mode US was used to derive the pleural thickness, morphology, and echogenicity. We
analyzed the high-frequency CEUS data including the enhancement mode and time intensity curve (TIC).
The cause of pleural thickening was confirmed by pleural biopsy and follow-up after the biopsy. We analyzed
the differences in various ultrasonic features between the malignant and benign groups. Moreover, we plotted
receiver operator curves (ROCs) and obtained the area under the curves, sensitivities, and specificities of all
significant continuous variables. Multivariate logistic regression was used to assess the combined usefulness
of multiple US indicators in terms of predicting malignant pleurae.

Results: Thirty malignant and twenty benign thickened pleurae were finally diagnosed via pleural biopsy
and at least six months of follow-up. The pleural morphology and enhancement modes significantly differed
between the two groups (all P<0.05). The thickness derived from B-mode US and CEUS were significantly
thicker in the malignant group (both P<0.05). Arrival time (AT) and the time to peak (TTP) of TIC were
significantly shorter in the malignant group, whereas peak intensity and the area under the TIC were
significantly higher in the malignant group (all P<0.05). The area under the ROC for pleural thickness
derived from B-mode US was 0.819; pleural thickness derived from CEUS was 0.848; AT was 0.804; TTP
was 0.750; peak intensity was 0.745; the area under the TIC was 0.743; and the combined various B-mode
and CEUS parameter was 0.975.

Conclusions: Pleural thickness, morphology, enhancement mode, and the TIC of high-frequency US
aided the differentiation of benign from malignant pleural diseases. Combined analysis of US indicators

further improved the diagnostic capability.
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Introduction

Pleural disease is a prevalent condition that continues
to increase the global burden, thus leading to significant
healthcare costs in recent years (1). Malignant pleural
diseases, primarily metastases and mesothelioma, usually
have poor prognoses, even with surgery (2). However,
systemic comprehensive treatments including genetically
targeted therapies and immunotherapy have improved
the survival and quality of life of these patients (3,4). As
precision therapy advances, noninvasive imaging methods
play increasingly important roles in the early diagnosis and
evaluation of pleural disease.

Computed tomography (CT) is the most widely
used imaging modality for evaluating pleural disease.
Conventional CT can be used to distinguish benign
from malignant diseases based on the pleural thickness,
lesion location, and calcification status (5,6). Magnetic
resonance imaging (MRI) can be used to better visualize
the involvement of the diaphragm and chest wall (5,6).
Combining dynamic contrast-enhanced CT and contrast-
enhanced MRI further improves the diagnostic efficiency
and is useful for evaluating the patient response to drug
therapy for pleural lesions (7,8). Positron emission
tomography computed tomography (PET/CT) plays an
important role in the diagnosis and staging of malignant
pleural mesothelioma (9). However, all these imaging
modalities are time-consuming and are not readily
acceptable for repeat examinations or follow up. For
example, the radiation risks posed by CT and PET/CT, the
motion artifacts in MRI, as well as imaging-specific medical
expenses with these modalities, hinders their widespread use
in the clinical setting.

Ultrasound (US) is a cost-effective and nonradiative
approach that can be used for point-of-care evaluation.
Until two decades ago, ultrasonography was perceived to
be of low-efficiency in diagnosing chest diseases because of
the alveolar gas-liquid interference in the lung. However,
the pleura of the outer layer of the lung is clear in US
performed through the soft tissue acoustic window of the
chest wall; pleural effusion affords excellent contrast. Today,
the relevant guidelines recommended US as the preferred
imaging modality for pleural effusion and first-line imaging
to guide thoracentesis and pleural biopsy (10-12). B-mode
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pleural thickness and morphology, as revealed by low-
frequency probes, can distinguish between benign and
malignantly thickened pleurae (13). However, the pleura is a
relatively superficial organ, and the value of high-frequency
US in the diagnosis of pleural diseases is uncertain.

Given the widespread availability of contrast-enhanced
US (CEUS), its utility in terms of diagnosing pleural
diseases deserves more attention. Second-generation US
microbubble contrast agents yield image series within which
the contrast varies. The devices employ a low mechanical
index technique to detect tissue perfusion with high
temporal and spatial resolution. CEUS lacks the respiratory
motion artifacts of Doppler US (14). Moreover, it facilitates
parameter quantification using a time-enhancement
curve, and it is good at distinguishing between benign and
malignant diseases of the lung and liver (15,16). However,
its diagnostic utility in terms of differentiating between
benign and malignant thickened pleurae remains unclear.

Therefore, in this study, we evaluated the diagnostic
capabilities of high-frequency US (including B-mode US
and CEUSY) in terms of differentiating between benign and
malignant pleural diseases. We present the following article
in accordance with the STARD reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-22-
636/rc).

Methods
Study design

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This
prospective single-center study was approved by the
Scientific Research Ethics Review Committee of the First
Affiliated Hospital of Guangzhou Medical University (No.
2020-21). Informed consent was obtained from each patient.
The inclusion criteria were pleural thickening (>3 mm) or
a pleural lesion, a diagnosis of pleural pathology, no prior
anti-tumor treatment, patient consent, and age >18 years.
The exclusion criteria were any history of hypersensitivity
to a CEUS agent, an inability to undergo CEUS because of
tachypnea, a lesion located in the lung or chest wall, unclear
US images, or insufficient data.

All patients included in this study were treated at our
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medical center for unexplained pleural effusion or pleural
thickening. US evaluation of pleurae was performed before
all invasive diagnostic methods (thoracentesis, percutaneous
biopsy, or thoracoscopy). Consecutive patients were
analyzed via transthoracic US (Resona 77T; Mindray,
Shenzhen, China) with SC5-1U probe (1.2-6.0 MHz)
and L9-3U probe (2.5-9.0 MHz) during the period
from January 2020 to August 2021. The low-frequency
probe (SC5-1U) was initially used to scan all rib spaces
individually. When a thickened pleura was found, B-mode
US using a high-frequency probe (L9-3U) was used to
derive the pleural thickness, morphology, and echogenicity.
Then, the thickest pleural area/lesion was subjected to
CEUS using a high-frequency probe. A 2.4 mL bolus
of contrast agent (Sonovue; Bracco, Milan, Italy) was
intravenously injected followed by a 5.0 mL saline flush;
then, the pleural area was continuously observed for 180 s.
All data were stored.

Data analysis and collection

B-mode US and CEUS parameters were evaluated by
two sonographers (working in consensus; each with at
least 5 years of experience with CEUS and thoracic US
examination) who were blinded to the pleural pathological
diagnosis. The maximum pleural thickness was measured via
both B-mode US and CEUS using high-frequency probes.
Compared to the chest wall, pleural echogenicity as viewed
via B-mode US was classified as hyperechoic, isoechoic, or
hypoechoic. Pleural thickening was categorized as uniform,
wavy/papillary, or mass-like.

The CEUS data analyzed included the enhancement
mode and the time intensity curve (TIC). The possible
enhancement modes were homogeneous, centripetal
(peripheral enhancement that increased gradually toward
the center), and inhomogeneous. We used the software
of TIC quantitative analysis in the US machine (Resona
7T). When patients underwent US-guided pleural needle
biopsy, the regions of interest of the TICs were placed in
the needle puncture paths, and the arrival time (AT), time
to peak (T'TP), peak intensity (PI), and the area under the
TIC were automatically determined.

Final diagnoses

A malignancy was confirmed via surgical resection or
pleural biopsy. A diagnosis of benign was made via surgical
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resection (at least two benign results of percutaneous pleural
biopsies within 1 month, or a benign biopsy followed-up
by at least 6 months of imaging). According to the final
diagnosis, we divided the cases into a malignant group and
benign group.

Statistical analysis

SPSS version 22.0 software was used for all analyses.
Quantitative data are presented as mean = standards
deviation and were compared using an independent samples
t-test and rank sum test (the Wilcoxon test). We calculated
Spearman’s correlation coefficient between pleural thickness
consistencies measured via B-mode US and CEUS.
Moreover, we analyzed the differences in various ultrasonic
features between the malignant group and benign group.
Further, we plotted the receiver operator curves (ROCs)
and obtained the area under curves (AUCs,) cutoffs,
sensitivities, and specificities of all significant continuous
variables. Multivariate logistic regression was used to
assess the combined utilities of multiple US indicators in
terms of predicting malignant pleurae. A P value <0.05 was
considered to indicate a significant difference.

Results
Patient characteristics

Sixty-one patients with thickened pleurae were initially
evaluated but eleven were excluded (Figure 1) because the
masses were in the chest wall or lung (n=2), the images
were of poor quality because of thick chest walls (n=2),
consecutive CEUS scans were less than 3 minutes (n=2),
and stable TICs were not obtained because of severe
coughing or tachypnea (n=5). Final diagnoses contained 20
cases of benign pleural disease and 30 of malignant pleural
disease during the period from January 2020 to August
2021 (Table I). All malignant cases were diagnosed by
results of percutaneous pleural biopsy. All benign cases were
confirmed by one benign result of percutaneous pleural
biopsy and at least six months of follow-up. The patients
with malignant disease included 20 men and 10 women
with a mean age of 58.1x14.4 years, of whom 23 evidenced
pleural effusion and 7 did not. The patients with benign
disease included 17 men and 3 women with a mean age of
58.4+17.0 years, of whom 17 evidenced pleural effusion and
3 did not. Age, sex, and pleural effusion status did not differ
between the two groups (Tuble 2).
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A total of 61 patients with unexplained thickened pleura
were evaluated in this study
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11 cases were excluded:

Lung or chest wall masses (n=2)

Y

Y

Poor US images (n=2)

finally included

50 patients with 50 targeted thickened pleurae were

Inconsecutive CEUS scans (n=2)
Unstable TICs (n=5)

Y

The high-frequency B-mode US was used to derive the
pleural thickness, morphology, and echogenicity

Y

The high-frequency CEUS data analyzed included the
enhancement mode and the time-enhancement curve

Y

!

30 cases of malignant thickened pleura

20 cases of benign thickened pleura

Sensitivity, specificity and AUC of all significant
ultrasound features and conjoint analysis were assessed

Figure 1 Flow diagram of the cases selection and analysis process. CEUS, contrast-enhanced ultrasound; TIC, time intensity curve; US,

ultrasound; AUC, area under the curve.

Table 1 The final diagnosis of all patients

Types of diagnosis Number of case
Malignant thickened pleura 30
Malignant mesothelioma 3
Metastatic carcinoma 22
Metastatic lung adenocarcinoma 18
Metastatic lung squamous cell carcinoma 3
Metastatic small cell lung cancer 1
Other malignant pleural diseases 5
Benign thickened pleura 20
Tuberculosis or granulomatous inflammation 7
Nonspecific inflammation 13
Total 50

B-mode US data

Of the 30 malignant pleurae, the average thickness was
13.4+11.0 mm according to B-mode US; 13 exhibited
uniform, 7 exhibited wavy/papillary, and 10 exhibited
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mass thickening (the latter included all the mesothelioma
cases). Of all malignant pleurae, 19 were hypoechoic, 7
were isoechoic, and 4 were hyperechoic. Of the 20 benign
pleurae, the average pleural thickness was 5.2+1.5 mm
according to B-mode US; only one evidenced wavy/papillary
thickening, all others exhibited homogeneous thickening.
There were 16 hypoechoic and 4 isoechoic pleurae. The
echo type did not differ significantly between the benign
and malignant groups, but the pleural morphology and
thickness derived from B-mode US did (both P<0.05). The
details are shown in Table 2.

CEUS data

Of the 30 malignant pleurae, the average thickness was
13.4210.5 mm according to CEUS examination; 9 (30%)
exhibited homogeneous, 11 (36.7%) exhibited centripetal,
and 10 (33.3%) exhibited inhomogeneous enhancement.
Of the 20 benign cases, the average pleural thickness was
5.3£1.7 mm according to CEUS examination; 14 (70%)
exhibited homogeneous, 1 (5%) exhibited centripetal, and
5 (25%) exhibited inhomogeneous enhancement. The
enhancement mode and pleural thickness derived from
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Table 2 Demographics and ultrasound characteristics between malignant and benign pleural groups

Characteristics Benign group (n=20) Malignant group (n=30) P value
Age (yean)' 58.4+17.0 58.1+14.4 0.950
Sex 0.131
Male 17 20
Female 3 10
Pleural effusion 0.365
Yes 7 23
No 3 7
Thickness in B-mode US (mm)" 5.2+1.5 13.4x11.0 <0.001*
Thickness in CEUS (mm)" 5.3+1.7 13.4+10.5 <0.001*
Pleural morphology 0.001*
Uniform 19 13
Wavy/papillary 1 7
Mass 0 10
Echogenicity 0.202
Hypoechoic 16 19
Isoechoic 4 7
Hyperechoic 0 4
Enhancement mode 0.011*
Homogeneous 14 9
Centripetal 1 10
Inhomogeneous 5 11

', data are means = standard deviations; *, statistically significant (P<0.05). US, ultrasound; CEUS, contrast-enhanced ultrasound.

Table 3 Quantitative analysis of time intensity curve from pleural CEUS

Parameters Benign group Malignant group P value
AT(s) 19.31+5.7 13.2+4.0 <0.001*
TTP(s) 38.3+10.0 30.0+7.4 0.001*
Pl 19.5+6.4 26.3+7.7 0.002*
Area under the TIC 2,337.1£765.9 3,328.6+1,317.7 0.002*

*, statistically significant (P<0.05). AT, TTP, Pl and area under the TIC were expressed as mean + standard deviation. CEUS, contrast-
enhanced ultrasound; AT, arise time; TTP, time to peak; P, peak intensity; TIC, time intensity curve.

CEUS differed significantly between the two groups (both group, the values were 19.3£5.7, 38.3£10.0, 19.5£6.4, and

P<0.05). The details are shown in Tuzble 2. 2,337.1£765.9 s, respectively. Together the AT and TTP
In terms of the TIC parameters of the malignant group, were significantly shorter in the malignant group than in
the average AT was 13.2+4.0 s, the average TTP was the benign group, whereas the PI and the area under the

30.0£7.4 s, the average PI was 26.3+7.7, and the average TIC were significantly higher in the malignant group (all
area under the TIC was 3,328.6+1,317.7; in the benign P<0.05). The details are shown in Table 3.
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Diagnostic capabilities of individual and combined US
features

The cutoff value for pleural thickness derived from high-
frequency B-mode US was 7.3 mm, with a sensitivity of
63.3%, specificity of 90.0%, and an AUC of 0.819 [95%
confidence interval (CI): 0.696 to 0.942]. The cutoff value for
high-frequency CEUS-derived pleural thickness was 7.9 mm
with a sensitivity of 70.0%, specificity of 95.0%, and an
AUC of 0.848 (95% CI: 0.740 to 0.957). Both US modes
exhibited good consistency when used to measure pleural
thicknesses (related coefficient: 0.965, P<0.001).

The AT cutoff was 16.8 s with a sensitivity of 83.3%,
specificity of 65.0%, and an AUC of 0.804 (95% CI: 0.674
to 0.935). The TTP cutoff was 37.3 s with a sensitivity of
86.7%, specificity of 70.0%, and an AUC of 0.750 (95% CI:
0.608 to 0.892). The PI cutoff was 25.8 with a sensitivity
of 56.7%, specificity of 90.0%, and an AUC of 0.745 (95%
CI: 0.610 to 0.880). The cutoff of area under the TIC was
3,590.1 with a sensitivity of 43.3%, specificity of 100.0%,
and an AUC of 0.743 (95% CI: 0.609 to 0.877).

Multivariate logistic regression was performed in the
multiparameter combined diagnosis. According to the
predicted value of the joint diagnostic index obtained by
multivariate logistic regression, ROC of multiparameter
combined diagnosis was performed. The sensitivity, specificity,
and AUC of the combined pleural thickness derived from
CEUS, morphology, CEUS enhancement mode, AT, TTP,
PI, and the area under the TIC, were 93.3%, 90.0%, and
0.975 (95% CI: 0.940 to 1.000), respectively. The ROCs of all

parameters are shown in Figure 2.

Discussion

US pleural evaluation affords certain advantages; the pleura
lies shallowly, no lung gas is present, and pleural effusion
affords contrast. However, US has not been widely used
to diagnose pleural diseases. Although only 50 cases were
included in this study, this study still included most types
of diseases that can led to pleural thickening (see Table 1),
and the sample size of our study was basically similar to
previous studies about pleural US (13,17). We performed
a prospective analysis and found that both high-frequency
B-mode US and CEUS were able to clearly distinguish
between benign and malignant thickened pleurae.
Additionally, this study also report that a combination of
measurements obtained via high-frequency B-mode US
and CEUS improves the differentiation of benign from
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malignant pleural diseases.

Pleural thickness and morphology (assessed via US, CT, or
MRI) are commonly used to distinguish between benign and
malignant pleurae (5,6,13). Qureshi et 4/. reported that pleural
thickening >1 cm and diaphragmatic thickening >7 mm
were highly suggestive of malignant pleural disease (13).
However, a recent study showed that the selection of 15mm
as a cut-off value yielded a sensitivity of 78.6%, a specificity
of 74.1%, and an AUC of 0.714 in diagnosing malignant
pleural disease (17). We also found that malignant pleurae
were significantly thicker than benign pleurae. However,
different from previous studies, the value of high-frequency
US is the focus of our study. For B-mode US, the benign/
malignant thickness cutoff was 7.3 mm with a sensitivity of
63.3%, a specificity of 90.0%, and an AUC of 0.819. For
CEUS, the cutoff was 7.9 mm with a sensitivity of 70.0%,
a specificity of 95.0%, and an AUC of 0.819. Although the
cut-off value of pleural thickness proposed in our study
was thinner than that reported in previous studies, the
cut-off value of pleural thickness in our study afforded a
high specificity and AUC when distinguishing between
benign and malignant pleural diseases. In addition, we
also used two US modes to evaluate all patients and found
that the high-frequency B-mode US data were in excellent
agreement with those of CEUS. Therefore, we considered
that high-frequency US reveals pleural details and could
also be used to guide percutaneous biopsy. Moreover, we
found that malignant pleurae exhibited wavy/papillary and
mass thickening; all three mesotheliomas evidenced the
latter type of thickening. Although benign pleural diseases
also show evidence of thickening, this is commonly uniform,
perhaps because the thickening is principally exudative
fibrous or tuberculosis granulation tissue hyperplasia
(which is generally uniform). However, malignant pleural
thickening caused by tumors is accompanied by local
erosion and destruction, thus resulting in nodules and/or
mass-like changes.

It is difficult to ascertain the pleural distributions of
blood vessels using Doppler US because of respiratory
motion artifacts and the relatively thin tissue (14,18).
However, CEUS is good at detecting microvessels and
is not affected by motion artifacts. Several studies have
found that CEUS is useful for diagnosing subpleural lung
lesions (15,19-21). However, the blood supplies to the
pleura and peripheral lung lesions differ. The efficacy
of CEUS in terms of pleural disease diagnosis remains
unproven. Although previous studies reported that
marked enhancement was significantly more frequently
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Figure 2 The ROC: of all significant continuous variables and combined diagnosis were plotted. (A) ROCs analysis of PI, area under the

time intensity curve, and the thicknesses derived from B-mode US and CEUS for predicting malignant thickened pleurae. (B) ROCs analysis

of AT and TTP for predicting malignant thickened pleurae. (C) ROCs analysis of multi-parameter combined diagnosis for predicting

malignant thickened pleurae. ROC, receiver operator curve; US, ultrasound; CEUS, contrast-enhanced ultrasound; PI, peak intensity; AT,

arrival time; TTP, time to peak.

associated with malignant compared with benign lesions,
the enhancement pattern and TIC of the pleurae were
not investigated in the retrospective study (17,22). In the
present prospective study, we found that the enhancement
mode and quantitative data from the TIC usefully aided
the differential diagnosis of benign and malignant pleural
diseases. We found the average AT of malignant pleural
disease was 13.2+4.0 s, which was significantly less than
19.3+5.7 s (average AT of benign pleural disease). This
indicates that the contrast agent entered into the malignant
thickened pleura faster than benign thickened pleura. In
addition, the TTP of malignant pleural disease was also
found to be significantly less than that of benign pleural
disease (30.0+7.4 vs. 38.3x10.0 s, P<0.05). When the

© Journal of Thoracic Disease. All rights reserved.

enhancement intensity reaches the peak, this means that
the intensity begins to weaken. Therefore, this indicates
that the contrast agent washed out faster in the malignant
thickened pleura than that of benign thickened pleura.
Although both pleural tumors and subpleural lung tumors
are located in the chest, malignant pleural disease tended
to exhibit “fast-in/fast-out” enhancement (see Figures 3,4),
unlike the “slow-in/fast-out” enhancement of peripheral
lung cancer (15,19-21). In addition, we also found that
the PI and the area under the TIC of malignant pleural
disease were significantly higher than those of benign
pleural disease. Compared with previous studies (17,22),
our result further confirmed that marked enhancement was
significantly more frequently associated with malignant
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Figure 3 Images of a 47-year-old man diagnosed with pleural metastasis of lung adenocarcinoma. (A) Enhancement at 1 s. (B) Enhancement
at 11 s. (C) Enhancement at 14 s. (D) Enhancement at 18 s. (E) Enhancement at 23 s. (F) Enhancement at 34 s. (G) Enhancement at 1 min

22 s. (H) Enhancement at 3 min. (A-H) Contrast enhanced ultrasound showed centripetal enhancement and “fast-in/fast-out” enhancement.

(D) Ultrasound guided percutaneous needle pleural biopsy; red arrow: needle. (J) Pathological diagnosis: adenocarcinoma (H&E, x100).

compared with benign pleural disease, from the perspective
of precise quantitative analysis. Furthermore, although the
malignant pleural disease evidenced several enhancement
modes, the benign pleural disease seldom exhibited
centripetal enhancement, which may thus be rather specific
for pleural disease (Figures 3,4). TIC was also innovatively

© Journal of Thoracic Disease. All rights reserved.

used to conduct accurate quantitative analysis of pleural
enhancement in this study, so as to avoid the differences in
the observation of enhancement mode between different
observers. In general, we are the first to show that the TIC
of CEUS is highly useful for the differential diagnosis of

benign and malignant pleural diseases.
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Figure 4 Images of a 71-year-old female diagnosed with benign pleural disease. (A) Enhancement at 10 s. (B) Enhancement at 15 s. (C)

Enhancement at 26 s. (D) Enhancement at 1 min. (E) Enhancement at 2 min 20 s. (A-E) Contrast enhanced ultrasound showed homogeneous

“slow-in/slow-out” enhancement. (F) B-mode ultrasound and contrast enhanced ultrasound showed the uniformly thickened pleura. (G)

Analysis of time-enhancement curves; arise time: 13.6 s, ime to peak: 39.2 s, peak intensity: 15.8, and area under the curve: 1,936.7.

Although we found several US features that aided in the
differentiation of benign from malignant pleural disease,
most diagnoses are multimodal. It is important to consider
the different benefits that various imaging modes may offer.
The thickness and shape of two-dimensional US may be the
most commonly imaging features to diagnose the pleural
disease. However, although the thickness and shape of
pleura may not be abnormal in the early stage of malignant
pleural disease, the microvessels or blood supply in the
pleura may have changed. For those cases with thin pleura,
CEUS may be helpful. In our cases, some patients with
malignant pleural disease did not have pleural thickening
(<7.3 mm), but the mode and quantitative parameters of
CEUS showed malignant characteristics. On the contrary,
the CEUS patterns between benign and malignant pleural
diseases may have some overlap, but the thickness and
shape of pleura may be helpful for the differential diagnosis
of benign and malignant pleural diseases. Therefore, we
further used combinations of US parameters to identify
benign and malignant pleural diseases. The sensitivity,
specificity, and AUC increased (to 93.3%, 90.0%, and
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0.975, respectively) when we combined thickness derived
from CEUS, morphology, and enhancement mode along
with several quantitative parameters yielded by the TIC.
The AUC improved markedly compared to single-feature
values (Figure 2). However, combined diagnosis is rather
cumbersome. Single US indicators still play useful roles.
The US mode should be chosen based on the clinical
situation and the diagnostic requirements.

Our work has certain limitations. First, this is a study
with a small sample size. Second, pleura less than 3 mm was
not included in this study. Lastly, we mostly focused on the
parietal pleurae; we studied only a few visceral pleurae.

In conclusion, pleural thickness and morphology, the
enhancement mode, and the TIC of high-frequency US
aided in the differentiation of benign from malignant
pleural diseases; combined analysis of US indicators further
improved the diagnostic capability.
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