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Abstract. Two-dimensional ultrasound (US) and color
doppler flow imaging are associated with certain limitations
in the preprocedural evaluation and design of the puncture
path for biopsies of thoracic lesions, such as a poorly defined
boundary between the tumor and the atelectatic lesions in
central lung cancer with atelectasis. Contrast-enhanced
ultrasound (CEUS) can be valuable in the preoperative
evaluation of the biopsy site and in increasing the accuracy
of the biopsy. The present study investigated the value of
clinical application of CEUS in US-guided core needle
biopsy (US-CNB) in improving the diagnostic accuracy
in thoracic lesions. A total of 120 patients with first-stage
thoracic lesions from the Affiliated Tumor Hospital of
Guangxi Medical University who underwent US-CNB
were recruited and randomnly assigned to a conventional
US group (n=66) and a CEUS group (n=54). All patients
underwent preoperative evaluation and US-guided punc-
ture of thoracic lesions. The intergroup differences in
sonographic features, biopsy duration, biopsy success rate
and complications were assessed. The CEUS group had a
higher rate of detection of necrotic tissue (40.7% vs. 16.7%;
%*=8.633; P=0.003) and change of initial puncture path
(48.1%) compared with the US group. In central lung cancer
with atelectasis, the ability to distinguish between tumor
and atelectasis was higher in the CEUS group compared
with the conventional US group (31.5 vs. 7.6%; x*=11.336;
P=0.001). In addition, the CEUS group had a higher punc-
ture success (96.3 vs. 80.3%; x*=6.946; P=0.008) and a
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lower complication rate (3.7% vs. 18.2%; ¥*=6.041; P=0.014)
compared with the US group. CEUS can identify necrotic
areas and occult tumors within atelectatic lung tissue and
can be used for guiding puncture biopsy of thoracic lesions
to improve the diagnostic accuracy with greater comparative
clinical utility than conventional US. Pre-biopsy CEUS is
especially useful for patients undergoing repeated US-CNB
and those with hypovascular lesions, atelectasis or necrosis.

Introduction

Thoracic lesions include diseased tissues in the lung, medi-
astinum, pleura and chest wall, and are mostly lung lesions,
which are primarily diagnosed as lung cancer (1). To a large
extent, the diagnosis, treatment and prognosis of thoracic
lesions depends on their pathological classification (2).
At present, ultrasound (US), computed tomography (CT),
magnetic resonance imaging, X-ray, other imaging-guided
percutaneous biopsy and fiberoptic bronchoscopic biopsy are
the main investigative tools for a pathological diagnosis of chest
lesions (2). However, there are certain disadvantages to these
investigations. A CT-guided percutaneous biopsy exposes the
patient to a considerable amount of radiation without being
able to dynamically display the puncture process in real
time (3), resulting in possible complications. Similarly, fiber-
optic bronchoscopy is associated with difficulty in accessing
lumps on the pleura, chest wall and lung-adjacent peripheral
pleura (4). US-guided percutaneous biopsy of thoracic lesions,
especially those close to the chest wall has gradually become
one of the preferential diagnostic methods for chest lesions due
to its advantages of simplicity, being radiation free, providing
real-time dynamic monitoring throughout the entire puncture
process as well as the possibility of lesser complications (5,6).

Despite the high accuracy of conventional US-guided
percutaneous biopsy, there are certain limitations with regard
to the preoperative evaluation and design of the puncture
path in two-dimensional (2D) US and color doppler flow
imaging (CDFI); this poses challenges for the identification
of non-perfused areas, such as intralesional necrotic, unliqui-
fied tissues, occult tumors in atelectatic lung tissue or a poorly
defined boundary between the tumor and the atelectatic
lesions in central lung cancer with atelectasis (7,8). These chal-
lenges impact the initial diagnosis of the lesion as well as the
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design of the biopsy path, conferring some difficulties to the
procedure and resulting in poor diagnostic yield of the biopsy
specimen (5).

Contrast-enhanced ultrasound (CEUS; acoustic contrast)
involves the use of injectable contrast agents to enhance
backscatter echo, thereby significantly intensifying the resolu-
tion, sensitivity and specificity of US diagnosis and reflecting
the blood perfusion of healthy and diseased tissues (7). The
sensitivity of blood flow imaging is significantly higher and
unaffected by the noise of the heartbeat in CEUS compared
with color doppler US (9,10). In addition, CEUS can effectively
identify both necrotic and viable tissues within the lesion, as
well as provide valuable information for the accurate design and
execution of the preoperative puncture biopsy (11). However,
there is no established gold standard diagnostic method for
the evaluation of thoracic lesions. Therefore, the present study
was conducted to evaluate the comparative clinical application
value of CEUS against that of conventional US in thoracic
lesions with an aim to identify a novel standard technique for
clinical US-guided percutaneous core-needle biopsy (CNB).

Materials and methods

Patients. This prospective, non-randomized controlled study
included patients who were diagnosed with chest-occupying
lesions between July 14, 2016 and January 31, 2018 at the
Affiliated Tumor Hospital of Guangxi Medical University
(Nanning, Guangxi). The inclusion criteria of the patients were
as follows: i) With a lesion in the chest detected on CT exami-
nation that was clearly visualizable with US; ii) with complete
clinical data; iii) who underwent an US-guided percutaneous
biopsy; iv) with biopsy results or results of surgical or other
pathological biopsy contributing to the final diagnosis; and
v) with records of short-term complications (including hemop-
tysis, bleeding, pneumothorax and chest pain) after CNB and
after follow up for 4-8 h postoperatively. Exclusion criteria
were as follows: 1) Patients with poor cooperation and unable to
perform image-guided biopsies; ii) patients with contraindica-
tions for the use of CEUS, such as impaired cardiopulmonary
function or known allergic reactions; and iii) patients with a
bleeding tendency (prothrombin activity, <40%; international
standardized ratio, >1.7; platelets, <40,000/ml). Following
screening, a total of 120 patients with first-stage thoracic
lesions were included in the present study and assigned to
the US group (n=66) and CEUS group (n=54) based on their
expressed preference. The present study was approved by
the Ethics Committee of the Affiliated Tumor Hospital of
Guangxi Medical University (Nanning, Guangxi; approval
no. LW2018055) and was conducted in accordance with the
principles of the Declaration of Helsinki and its amendments.
All the patients provided written informed consent prior to
being enrolled in the study.

Radiological investigations. All patients underwent a chest
CT examination to indicate the location of the lesion prior
to their initial US-CNB. For the US examination, patients
were placed in the supine, lateral, or prone position with the
chest surface region of the probable lesion fully exposed.
Following this the thoracic region was scanned from different
angles to ensure the probe was placed as close to the chest

Table I. Final diagnosis of CEUS group (n=54) and US group
(n=60) after biopsy.

Characteristics of lesions CEUS group,n US group,n

Malignant 35 42
Lung squamous carcinoma 9 10
Lung adenocarcinoma 15 16
Adenosquamous carcinoma 1 2
Small cell carcinoma 3 3
Large cell carcinoma 1 0
Lymphoma 2 5
Malignant mesothelioma 1 0
Neuroendocrine carcinoma 0 1
Metastatic carcinoma 3 5

Benign 19 24
Inflammatory pseudotumor 6 7
Pneumonia with consolidation 6 8
Solitary fibrous tumor 0 2
Schwannoma 1 0
Tuberculosis 6 7

Total 54 66

CEUS, contrast-enhanced ultrasound; US, ultrasound.

wall as possible. Gaseous and rib obstructions were avoided
and the size, shape and internal structure of the lesion was
carefully observed and recorded. The presence of liquefaction
necrosis and the positional relationship with the surrounding
lung tissue were also observed and recorded using US. The
vascular supply of the lesion was observed using CDFI. All US
images were recorded in the color Doppler Aplio500/Aplio400
(Toshiba Corp.).

In the CEUS group, a color Doppler Aplio500/Aplio400
(Toshiba Corp.) with a frequency of 3.5 MHz and a mechanical
index of 0.12-0.18 was used with sulfur hexafluoride micro-
bubbles (SonoVue®; Bracco) as the contrast agent. For each set
of images, a 2.4-ml bolus (injected in 3-5 sec) of contrast agent
suspension was injected (prepared by dissolving 24.98 mg dry
powder in 5 ml normal saline) through a peripheral venous
catheter inserted into an antecubital vein followed by a 5 ml
saline flush. A stopwatch was started with the contrast injec-
tion and dynamic images were recorded. These lesions were
examined continuously for at least 180 sec and included part
of the normal peripheral parenchyma in the same ultrasound
scan in order to examine the enhancement of the lesion and the
surrounding normal lung in real time. If normal lung paren-
chyma could not be included in the same imaging scan, or the
lesion was located at the basis of the lung, the surrounding
chest wall or the liver (lesion in right lung) or spleen (lesion in
left lung) was examined contemporaneously to the lesion (12).
In the case of unsatisfactory vascular imaging, the contrast
injection was repeated (inter-injection interval >10 min).
Following US, 2 experienced sonographers from the Affiliated
Tumor Hospital of Guangxi Medical University played back
the video of the CEUS and recorded the enhancement level,
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Table II. Comparison of imaging features and biopsy success rate in the CEUS group (n=54) and US group (n=66).

Characteristics CEUS group US group Z (x»)-value P-value
Size, cm 3.0 (3.0-4.0) 34(3.0-50) -1.437 0.151
Necrosis, % (n/total) 40.7 (22/54) 16.7 (11/66) 8.633 0.003
Atelectasis, % (n/total) 31.5 (17/54) 7.6 (5/66) 11.336 0.001
Punctures times, n 3(3-4) 3(3-5) -1.574 0.116
Success rate, % (n/total) 96.3 (52/54) 80.3 (53/66) 6.946 0.008
Complications, % (n/total) 3.7 (2/54) 18.2 (12/66) 6.041 0.014

CEUS, contrast-enhanced ultrasound; US, ultrasound. Data are presented as median (quartile spacing) as the Shapiro-Wilk test showed that the
size of the lesion and the number of punctures were all skewed (P>0.05).

enhancement pattern and vascular shape of the lesions.
Differences, if any, in the evaluation of the US images were
resolved by mutual discussion to arrive at a consensus.

Fine needle biopsy. Preoperatively, a routine examination
of blood and coagulation function was performed. For the
biopsy, patients were positioned appropriately on the basis of
the location of the lesion. In the US group, the areas with rich
blood supply or hypoechogenicity were selected as the biopsy
site (echo-free areas were avoided). In the CEUS group, the
enhanced areas were selected (unenhanced areas were avoided)
and following determination of the location of the lesion, the
most appropriate needle path and puncture depth were planned.
The CNB procedure was undertaken as follows: Routine
disinfection with Maokang complex iodine skin disinfectant,
draping, local anesthesia with 2% lidocaine, use of a specific
probe for the puncture, reconfirmation of the puncture site,
path, and depth and insertion of the biopsy needle (Bard®
Magnum®; C.R. Bard; BD Biosciences) through the skin into
the deep layers of the chest wall. The patient was asked to
hold his/her breath, the needle was quickly inserted into the
lesion under US guidance and the biopsy gun was triggered
immediately. The puncture needle was pulled out quickly
after cutting the tissue and then the biopsy was completed.
In general, biopsies were obtained using 2-4 core needles,
although an additional 1-2 needles were used if necessary. In
case of unsatisfactory CNBs with inadequate tissue samples,
additional punctures with repositioning of needle direc-
tion were performed. The tissue sampling was considered
successful if the biopsy specimen met the requirements for
histopathological diagnosis. The tissue specimens were fixed
using 10% formalin at room temperature and were sent to the
pathology department for a routine histological examination
30 min following fixing. Following the removal of the needle,
the puncture point was covered with a sterile gauze bandage
and pressure was applied. Patients were advised bed rest for
4-8 h after the biopsy, their vital signs were monitored, and
complications were noted (such as bleeding, hemoptysis, chest
tightness, chest pain, pneumothorax and air embolisms).

Final diagnosis. A comprehensive diagnosis of all biopsy
specimens was done by 2 experienced pathologists from The
Affiliated Tumor Hospital of Guangxi Medical University
(Nanning, China), and if the diagnosis of the biopsy specimen

was true in the subsequent analysis, the diagnosis was consid-
ered to be true. Malignant tumors were identified using
surgical specimens or subsequent re-biopsies obtained from
other means, such as biopsy under fiberoptic bronchoscope.
The benign diagnosis was considered to be true positive if the
imaging examination confirmed that the lesion disappeared
or shrank following treatment during the 6 month follow-up
period. A false negative diagnosis was given using the
following criteria: i) The diagnosis of the biopsy specimen was
considered to be negative for a malignant tumor and subse-
quently confirmed by surgery or re-biopsy as a malignant
tumor; ii) the biopsy specimen was insufficient; ii) or there
was no clear descriptive diagnosis, such as chronic inflamma-
tion, necrosis, muscle tissue, etc. The diagnostic accuracy of
the biopsy was defined as the percentage of lesions with true
positive results in the initial biopsy (13).

Statistical analysis. Data were subjected to statistical analysis
using SPSS version 19.0 J (IBM Corp.). The Shapiro-Wilk
method was used to determine if data was normally distrib-
uted or not. Unpaired data with skewed distribution were
analyzed using the Mann-Whitney U test and the results were
expressed as the median (quartile). The Wilcoxon signed-rank
test was used for comparison of paired continuous data with
skewed distribution. Data were expressed as a rate (%) on
analysis with the Pearson's ? test, used for categorical data.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Demographic information of patients. A total of 120 patients
were included in the final analysis of the present study.
Of these, 66 cases were assigned to the US group
(males, 46; females, 20; mean age + SD, 52.9+15.6; and
age range, 17-74 years) and 54 cases to the CEUS group
(male, 40; female, 14; mean age + SD, 54.6+13.9; age
range, 15-81 years). Subjects were assigned to each study arm
on the basis of their individual preference to undergo either
conventional US or CEUS.

Histopathological diagnosis of CEUS and US groups. Details
of the histopathological diagnosis of both groups are presented
in Table I. In the CEUS group (n=54), 35 malignant lesions
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Figure 1. Comparison of characteristics between the CEUS and US groups. (A) Necrosis, (B) atelectasis, (C) success rate and (D) complications.
CEUS, contrast-enhanced ultrasound; US, ultrasound.

Figure 2. Images from a 52-year-old man with a history of cough and dyspnea. (A) Routine ultrasound revealed large hypoechoic areas in the inferior lobe of the
right lung. (B) Color Doppler flow imaging revealed strip-color flow signals in the right side of the lesion. (C) CEUS obtained 9 sec after injection of SonoVue®
(Braggo) revealed a rapid and uniform enhancement of the right region of the lesion, as well as a dendritic vascular structure, suggesting atelectasis (white
arrow). (D) CEUS revealed the enhancement pattern of the tumor (white arrow) was ‘slow in and fast out’ compared with that of the atelectasis in the right
lung. The demarcation between the tumor and atelectasis was clear. (E) CEUS-guided core-needle biopsy of the tumor area (white arrow). (F) Hematoxylin
and eosin staining of histopathological biopsy specimen revealed poorly differentiated carcinoma (original magnification, x200). The H&E staining results
were obtained using routine histopathology. CEUS, contrast-enhanced ultrasound.

were identified (lung squamous cell carcinoma, 9; lung adeno-  carcinoma, 3; lung large cell carcinoma, 1; lymphoma, 2;
carcinoma, 15; adenosquamous carcinoma, 1; small cell lung  malignant mesothelioma, 1; and metastatic carcinoma, 3)
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Figure 3. Images from a 47-year-old man with a history of chest pain and hemoptysis. (A) Routine ultrasound showed a hypoechoic lesion (white arrow)
in the superior lobe of the right lung. (B) Color Doppler flow imaging showed no color flow signal around or inside the nodule. (C) CEUS obtained 42 sec
after an injection of SonoVue® (Braggo) showed irregular necrosis in the anterior part of the lesion (white arrow and yellow markings). (D) US-guided
transthoracic biopsy passed through the necrotic area and targeted the enhanced area (white arrow). (E) Hematoxylin-eosin staining of histopathological
biopsy specimen revealed an adenosquamous carcinoma (original magnification, x200). The H&E staining results were obtained using routine histopathology.

CEUS, contrast-enhanced ultrasound; US, ultrasound.

Table III. Initial puncture path was changed during US-guided
transthoracic biopsy after CEUS examination in CEUS group.

CEUS group (the initial puncture

Characteristics path was changed), % (n)
Necrosis 31.5(17/54)
Atelectasis 16.6 (9/54)

Total 48.1 (26/54)

and 19 benign lesions (inflammatory pseudotumor, 6;
pneumonia, 6; schwannoma, 1; and tuberculosis, 6) (Table I).

In the US group, 42 malignant lesions were detected (lung
squamous cell carcinoma, 10; lung adenocarcinoma, 16;
adenosquamous carcinoma, 2; small cell carcinoma, 3;
lymphoma, 5; neuroendocrine carcinoma, 1; and metastatic
carcinoma, 5) and 24 benign lesions (inflammatory pseu-
dotumor, 7; pneumonia, 8; solitary fibrous tumor, 2; and
tuberculosis, 7) (Table I).

Comparison of imaging features in the CEUS and
US groups. Shapiro-Wilk test demonstrated that the
size of the lesion and the number of punctures were all
skewed (P>0.05). There were no significant differences
among groups in lesion size and puncture times (P>0.05;
Table IT). The CEUS group had a higher rate of detection of
necrotic tissue compared with the US group (40.7 vs. 16.7%;
v*=8.633; P=0.003; Table II; Fig. 1A). In patients with
central lung cancer and atelectasis, the CEUS group exhib-
ited greater ability to discriminate between the tumor and
atelectasis, compared with the conventional US group (31.5
vs. 7.6%; y*=11.336; P=0.001; Table II; Fig. 1B). In addition,
in the CEUS group, the demarcation between the tumor and

Table IV. Post hoc analysis of the failure of the puncture in the
US and CEUS groups.

Cause CEUS group US group
Necrotic tissue 0 7
Lung tissue and skeletal 0 3
muscle tissue

Insufficient organization 1 0
Complications 0 2
Poor patient cooperation 1 1
Total 2 13

CEUS, contrast-enhanced ultrasound; US, ultrasound.

atelectasis, as well as the area for puncture biopsy were
more clearly defined compared with the US group (Fig. 2).
The H&E staining images in Figs. 2 and 3 were obtained by
routine histopathology.

Comparison of biopsy success rate and complication rate in
the CEUS and US groups. In 48.1% (26/54) of the patients
in the CEUS group, the initial puncture path was changed
during US-guided transthoracic biopsy due to the presence
of necrotic tissue or atelectasis tissue in the lesion by CEUS
examination, including 17 cases (31.5%) due to necrotic tissue
(Fig. 3) and 9 cases (16.6%) due to pulmonary atelectasis
(Table IIT). The CEUS group had a higher CNB success
rate (96.3 vs. 80.3%; %*=6.946; P=0.008; Table II; Fig. 1C)
and a lower complication rate compared with the US group
(3.7 vs. 18.2%; ¥*=6.041; P=0.014; Table II; Fig. 1D). In the
CEUS group, there was 1 case of hemorrhage and 1 case
of chest pain whereas the US group there were 5 cases of
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Figure 4. Proposal for integration of CEUS into the algorithm for evaluation of thoracic lesions. US-CNB, ultrasound-guided core needle biopsy;
CEUS, contrast-enhanced ultrasound; US, ultrasound.’Unable display’ means conventional ultrasound cannot show the lesions due to the influence of gas in

the lung tissue in front of the lesion.

hemoptysis, 2 cases of chest pain, 4 cases of pneumothorax
and 1 case of hemorrhage (Table IT). All the complications
observed in the present study were reported in previous
studies of conventional ultrasound-guided biopsy (3,8,14)
and resolved with conservative management including hemo-
stasis, oxygen inhalation and bed rest. There were no reports
of serious complications, such as severe hemopneumothorax
requiring closed thoracic drainage.

Post hoc analysis of puncture failure in the CEUS and US groups.
A post hoc analysis was performed to evaluate the cause of punc-
ture failure in the 2 patients in the CEUS group, and insufficient
tissue specimen and poor patient cooperation were identified as
the causes (Table I1I). A similar analysis of 13 patients with punc-
ture failure in the US group revealed that 7 cases had necrotic
tissue in biopsy specimens, 3 had healthy lung and muscle tissues,
2 developed intraprocedural complications during puncture and 1
had poor patient cooperation (Table IV).

Discussion

In recent years, US-guided percutaneous biopsy has emerged
as one of the main investigative techniques to obtain histopath-
ological specimens from chest lesions (7). Increasingly, it is
becoming the first-choice investigation in chest lesions because

of its advantages of procedural simplicity, safety and effective-
ness, without the risk of exposure to ionizing radiation (5,6)
Despite its high success rate and fewer complications, conven-
tional US has certain limitations in the preoperative evaluation
of chest lesions and the design of the puncture path (7). For
example, although conventional 2D US can recognize lique-
faction within lesions, it may only poorly identify necrotic and
un-liquified tissues (7). In addition, although CDFI can broadly
observe lesion vascularity, it has low sensitivity and the results
of the observation are easily influenced by numerous factors,
including the angle between the sound wave and the blood
vessel, false negative readings by slow blood flow and noise
interference due to the heartbeat (14). Conventional US cannot
easily distinguish between occult tumors and atelectatic lung
tissue (8,14). These aforementioned factors may decrease the
accuracy of the biopsy results (7,15). A rebiopsy can improve
the diagnostic accuracy, but with an increase in costs, time to
treatment, risk of complications and patient anxiety, amongst
other factors.

CEUS is a vascular imaging method that can effectively
display real-time blood perfusion in healthy and diseased
tissues and provide more diagnostic information compared
with conventional US for a pre-biopsy assessment (4).
Sartori et al (11) reported the first case of peripheral lung
tumor with large necrotic tissue successfully guided by CEUS
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in 2004. Previous studies have demonstrated that CEUS can
positively identify necrotic areas in lung lesions, despite a lack
of consensus on the ability of CEUS to differentiate between
benign and malignant thoracic lesions (4,16). The results of
the present study demonstrated that the CEUS group had a
higher rate of detection of necrotic tissue (40.7 vs. 16.7%)
compared with the US group. In central lung cancer with
atelectasis, the ability to distinguish between tumor and
atelectasis was higher in the CEUS group compared with
that in the conventional US group (31.5 vs. 7.6%). In addi-
tion, in 48.1% of the patients in the CEUS group, the initial
puncture path was changed during US-guided transthoracic
biopsy due to the presence of necrotic tissue or atelectasis
tissue in the tumor by CEUS examination; the CEUS group
had a higher puncture success (96.3 vs. 80.3%) and a lower
complication rate (3.7 vs. 18.2%) compared with those in the
US group. The present results are similar to those reported in
previous studies (7,8,11), suggesting that CEUS may identify
the necrotic areas in the lesions, as well as the tumors hidden
in the atelectasis. The inference of a rationale for this is based
on a literature review (17). Microvessels are present in viable
tissues of the lesion, but absent in necrotic areas. Therefore,
regardless of whether CEUS or super micro-imaging is
undertaken in the contrast mode, the contrast agent will
enter viable tissue, but not the necrotic tissue (4). Therefore,
contrast imaging can effectively distinguish between viable
tissue and necrotic areas within lesions (11). The vascular
supply to malignant tumors of the chest primarily originates
from the bronchial artery, whereas the peritumoral lung tissue
receives dual vasculature from both the pulmonary and bron-
chial arteries (4). The injected contrast agent initially enters
the pulmonary artery prior to entering the bronchial artery;
therefore, the viable lung tissue enhances before the diseased
tissue and this is an important basis to distinguish lung atel-
ectasis from tumor tissue (7). In addition, the findings of the
present study demonstrated earlier initial enhancement of lung
tissue compared with diseased tissue which corresponds to
the histopathological basis of the lesion. The heterogeneity of
tumoral tissue with the associated unevenness of vascularity
results in heterogeneous enhancement, which is an important
basis for distinguishing between tumor tissue and atelectatic
lung tissue (16). In addition, atelectatic pulmonary tissue has
a regular and branched vasculature, whereas tumor vascula-
ture is distorted and irregular (8). Therefore, CEUS prior to a
CNB can effectively increase the success rate of puncture and
minimize the probability of a repuncture. However, to avoid
overdiagnosis and the associated treatment, CEUS should not
be routinely recommended to all patients. A pre-puncture
CEUS is recommended for patients with chest lesions, with
hypovascular lesions (0-I blood flow, on Adler grading (18) or
indeterminable blood supply (due to cardiac Doppler effects,
for example) in the presence of atelectasis or necrosis who are
scheduled to undergo a repeat US-CNB. This recommenda-
tion is explained in Fig. 4.

The present study has several limitations. Firstly, the small
sample size is insufficient to generate adequate statistical
power to validate the current findings. Secondly, the study
groups were not randomized. Thirdly, potential confounders,
such as the body mass index of patients and poor cooperation
were not accounted for, which likely have an impact on the

results of the study. The findings of the present study need
to be validated in well-designed, randomized, large cohort,
multi-center prospective studies.

In conclusion, the present study demonstrated that CEUS
can identify necrotic areas and occult tumors within atelec-
tatic lung tissue and can be used for guiding puncture biopsy
of thoracic lesions to improve diagnostic accuracy with greater
clinical utility compared with conventional US. Pre-biopsy
CEUS is particularly useful for patients undergoing repeated
US-CNB and those with hypovascular lesions, atelectasis or
necrosis.
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