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Abstract: Purpose: To assess the diagnostic performance of contrast-enhanced ultrasound (CEUS)
alongside contrast-enhanced computed tomography (CECT) in evaluating central lung cancer (CLC).
Materials and Methods: From 2006 to 2022, 54 patients with CLC and obstructive atelectasis (OAT)
underwent standardized examinations using CEUS in addition to CECT. The ability to differentiate
CLC from atelectatic tissue in CECT and CEUS was categorized as distinguishable or indistinguishable.
In CEUS, in distinguishable cases, the order of enhancement (time to enhancement) (OE; categorized
as either an early pulmonary arterial [PA] pattern or a delayed bronchial arterial [BA] pattern of
enhancement), the extent of enhancement (EE; marked or reduced), the homogeneity of enhancement
(HE; homogeneous or inhomogeneous), and the decrease in enhancement (DE; rapid washout [<120 s]
or late washout [≥120 s]) were evaluated. Results: The additional use of CEUS improved the diagnostic
capability of CECT from 75.9% to 92.6% in differentiating a CLC from atelectatic tissue. The majority of
CLC cases exhibited a BA pattern of enhancement (89.6%), an isoechoic reduced enhancement (91.7%),
and a homogeneous enhancement (91.7%). Rapid DE was observed in 79.2% of cases. Conclusions:
In cases of suspected CLC with obstructive atelectasis, the application of CEUS can be helpful in
differentiating tumor from atelectatic tissue and in evaluating CLC.

Keywords: CEUS; ultrasound; central lung cancer; atelectasis; diagnosis

1. Introduction

The obstruction of a bronchus’ air supply area and the absorption of alveolar air distal
to the occlusion result in obstructive atelectasis (OAT) [1]. Central lung cancer (CLC) is one
of the most common causes of obstruction in the bronchus and of the subsequent OAT [2,3].
In international guidelines, contrast-enhanced computed tomography (CECT) is recom-
mended as the primary method of choice in the diagnosis and staging of lung cancer [4–6].
In CECT, the extent of the tumor, the presence of other suspected lesions or lymph nodes,
and the best method of histologically confirming the tumor are evaluated [4]. However,
demarcation of the central tumor or intra-atelectatic metastases from the atelectatic tissue is
limited using CECT [2]. Previous studies have reported a sensitivity of only 42% for bolus-
enhanced CT and 80% for dynamic-enhanced CT in differentiating tumor from atelectatic
tissue [7,8], and therefore there remains a need to investigate new imaging procedures for
achieving this differentiation [2]. In addition to CT, B-mode lung ultrasound (B-LUS) and
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contrast-enhanced ultrasound (CEUS) are widely used in clinical practice for the diagnosis
and evaluation of pleural-based lung cancer and lung atelectasis [9–18]. Furthermore, in the
case of CLC, sonographic visualization of a central cancer is feasible when a tumor-related
atelectasis can be utilized as an “acoustic window” [9]. However, data on the diagnostic
performance of B-LUS and CEUS in addition to CT in demarcating CLC from atelectasis, as
well as data on the ultrasound patterns of CLC, are limited [19]. In cases of distinguishable
tumors, a unique opportunity arises to study and describe the perfusion pattern of lung
cancer in comparison with visualizable physiological lung tissue, such as atelectasis. The
aims of the present study were to describe the ultrasound pattern and to evaluate the
diagnostic performance of B-LUS and CEUS in addition to CECT for the demarcation of a
CLC in patients with histologically confirmed central lung cancer and tumor-associated
OAT. An additional aim of this study was to describe the ultrasound patterns of CLC in
B-LUS and CEUS if differentiation between the tumor and atelectatic tissue is possible.

2. Materials and Methods

Between January 2006 and May 2022, a total of 54 patients with CLC and OAT were
examined and standardized using B-LUS and CEUS by a German Society for Ultrasound in
Medicine (DEGUM) Level-III qualified examiner with more than 35 years of experience
in the field of thoracic sonography (C.G., internal medicine) at a university ultrasound
center [20]. Central lung cancer was defined as a tumor located in the inner two-thirds of
the hemithorax, according to the definition by the European society of thoracic surgery [21].
All the patients were referred to the ultrasound center for routine initial staging procedures
for lung cancer. In all patients, according to the hospital’s internal standard operating
procedures, a lung ultrasound, lymph node ultrasound, and abdominal ultrasound were
performed systematically. Patients could only be included in the study if the subsequent
atelectasis had contact with the pleural surface and the tumor was visible in the B-mode
ultrasound. The examiner was blinded to the CT images. The inclusion criteria for the
retrospective analysis were (1) histologic confirmation of CLC and (2) the availability of
standard staging procedures with CECT. The ultrasound data were obtained according
to hospital guidelines during general clinical procedures, and they were retrospectively
evaluated. Informed consent was obtained from all the patients for the CEUS examination.
This study was approved by the local ethics committee and performed in accordance with
the revised Declaration of Helsinki.

2.1. Ultrasound Examination

The B-LUS examinations were performed using an ACUSON SEQUOIA 512 GI ultra-
sound machine (Siemens, Erlangen, Germany) and a 4C1 curved-array transducer with a
frequency of 4 MHz. The ultrasound position was selected after evaluating the chest X-ray
and based on the patients’ condition, including cooperation and anatomical considerations.
The CEUS investigations were conducted with the same transducer in contrast-specific mode
(1.5 MHz) with a low mechanical index (0.15–0.21) and in accordance with the European
Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) guidelines [22]. A
bolus injection of 2.4 mL of the contrast medium SonoVue® (Bracco Imaging S.p.A., Milan,
Italy) was performed via peripheral venous access. This was followed by 10 mL of NaCl
0.9%. Only a single injection was required for all study patients. No contrast-agent-related
reactions were observed in the study participants. For the first 30 s, the perfusion patterns of
the lesions were examined continuously and recorded as a video clip. Subsequently, several
short examinations were performed at one-minute intervals up to 3 min, and the changes in
the perfusion pattern were saved as images [23]. All ultrasound examinations were performed
in the upright sitting position and horizontal to the ribs [23]. The B-LUS and CEUS data were
evaluated retrospectively by two independent, experienced investigators (C.G., E.S.). In the
event of discrepancies, the final decision was made by a third experienced investigator (H.F.).
Cohen’s kappa statistics were applied to measure inter-rater reliability. The following B-LUS
data and CEUS parameters were evaluated retrospectively [23].
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2.2. B-LUS

1. The distinguishability of central tumor formation from atelectatic tissue was clas-
sified as distinguishable or indistinguishable. In distinguishable cases, the following
additional CLC data were analyzed:

2. Echogenicity of the CLC compared with the OAT;
3. Homogeneity of the CLC.

2.3. CEUS

1. The distinguishability of central tumor formation from atelectatic tissue was clas-
sified as distinguishable or indistinguishable. In distinguishable cases, the following
additional CLC data were analyzed:

2. The order of enhancement (OE) (time to enhancement) of the CLC and the OAT was
determined and classified as an early pulmonary arterial (PA) pattern of enhancement (i.e.,
contrast enhancement of the lesion before the arrival of contrast agent in the thoracic wall)
versus a delayed bronchial arterial (BA) pattern of enhancement (i.e., contrast enhance-
ment of the lesion simultaneous with the arrival of contrast agent in the thoracic wall or
parenchymal organs) [9,23];

3. The extent of enhancement (EE) at the peak of enhancement of the CLC compared
with atelectatic tissue was categorized as reduced EE (hypoechoic) versus marked EE
(isoechoic) [9,12,23];

4. The homogeneity of enhancement (HE) of the CLC and the OAT was classified
in the arterial phase as homogeneous versus inhomogeneous enhancement [23–26]. A
perfused lesion with coexisting nonperfused areas was defined as an inhomogeneous
enhancement [23–26];

5. The decrease in enhancement (DE) of the CLC and the OAT was classified as a rapid
washout (<120 s) or a late washout (≥120 s) [16,23]. A washout is defined as a parenchymal
hypoenhancement compared to arterial peak enhancement.

3. Results
3.1. Demographic and Clinical Data

Of the 54 study patients, 14 (25.9%) were female and 40 (74.1%) were male. The
mean age of the patients was 64.7 years (range 40–82 years). In all patients, the tumor
was diagnosed as primary lung cancer following evaluation by the tumor board, which
considered all imaging methods and histological findings. Histology confirmed that 20 of
the 54 lesions (37.0%) were adenocarcinomas, 17 (31.5%) were squamous cell carcinomas,
14 (25.9%) were small cell lung carcinomas, 1 (1.9%) was a large cell carcinoma, 1 (1.9%)
was a neuroendocrine carcinoma, and 1 (1.9%) was an undifferentiated carcinoma. The
diagnosis of the 54 cases was confirmed by bronchoscopic biopsy in 40 cases (74.1%),
via surgery in 5 cases (9.3%), by ultrasound-guided biopsy in 6 cases (11.1%), and by
confirming distant metastases in 3 cases (5.6%) (2 in lymph nodes and 1 in the lumbar
vertebrae). During the staging procedures, CECT enabled the differentiation of a central
mass from atelectasis in 41 of 54 patients (76.0%). Differentiation between a central tumor
and atelectasis could not be achieved in the remaining 13 patients (24.0%).

3.2. B-US
3.2.1. Differentiation between the Tumor and Atelectatic Tissue on B-US

On B-LUS, differentiation between atelectasis and a central tumor was possible in
23/54 cases (42.6%). In the remaining 31/54 cases (57.4%), differentiation between CLC
and OAT was not possible.

3.2.2. Echogenicity of the Tumor

In distinguishable CLCs, compared with atelectasis, 19/23 cases (82.61%) were hypoe-
choic, 2/23 (8.70%) were isoechoic, and 2/23 (8.70%) were hyperechoic.
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3.2.3. Homogeneity of the Tumor

In B-LUS, 15/23 (65.2%) of the tumors were homogeneous, and 8/23 (34.78%) of the
tumors were inhomogeneous.

The agreement between the examiners regarding the differentiation of CLCs and OATs
was “good” (Cohen’s kappa = 0.78).

3.3. CEUS Data
3.3.1. Differentiation between the Tumor and Atelectatic Tissue on CEUS

On CEUS, differentiation between atelectasis and a central tumor was possible in
48/54 cases (88.9%; Figure 1).
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be made. On CEUS, central tumors were identified in 25 cases that were not detectable by 
B-LUS (Figure 2, Video S1). 

  

Figure 1. A 75-year-old patient with total opacity reduction in the left lung on chest X-ray (A) and
suspected bronchogenic carcinoma. On computed tomography scans (B–E), a central tumor formation
(arrows) with obstructive atelectasis is visible. On B-mode lung ultrasound (F), a central tumor
(arrows) is distinguishable from the downstream atelectasis. On contrast-enhanced ultrasound,
the atelectatic tissue shows inhomogeneous early pulmonary arterial enhancement (arrows) after
5 s, before the chest wall (G). The tumor tissue exhibits homogeneous delayed bronchial arterial
enhancement (arrows) after 9 s, simultaneously with the chest wall (red circle), which is a sign
of systemic vascularization (H). The tumor displays isoenhancement (arrows) compared with the
atelectasis after 1 min (I), with rapid washout (arrows) after 2 min (J).

In the remaining 6/54 cases (11.1%), differentiation between CLC and OAT could not
be made. On CEUS, central tumors were identified in 25 cases that were not detectable by
B-LUS (Figure 2, Video S1).
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Figure 2. A 66-year-old male patient with left-sided thoracic pain and non-resolving pneumonia after
2 weeks of antibiotic therapy. Computed tomography scans (A) reveal a central tumor formation
(arrows) with obstructive atelectasis. Due to significant secretion retention and respiratory instability,
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bronchoscopic histology collection could not be performed. In B-mode lung ultrasound (B), a central
tumor is not distinguishable from the downstream atelectasis. In contrast-enhanced ultrasound
(C), a central tumor can be differentiated from the atelectasis. The visualization of the tumor in
contrast-enhanced ultrasound enabled a complication-free histologic confirmation of the central
tumor formation through the subsequent atelectasis (D). The histology confirmed the diagnosis of
squamous cell carcinoma of the left upper lobe

Additionally, on CEUS, central tumors were revealed in 10 cases that were not de-
tectable by CT (Figure 3, Video S2).
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Figure 3. A 57-year-old patient with a bronchoscopically confirmed small cell bronchogenic carcinoma
of the left lower lobe and contralateral rib and chest wall metastases (arrow) (A). On computed
tomography scans (B–E), an obstructive atelectasis with pleural effusion is visible, but a tumor
formation cannot be differentiated. On B-mode lung ultrasound (F), a central tumor is distinguishable
from the downstream atelectasis (arrows). On contrast-enhanced ultrasound, the atelectatic tissue
shows homogeneous early pulmonary arterial enhancement (arrows) after 5 s, before the aorta (*) (G).
The tumor tissue exhibits homogeneous delayed bronchial arterial enhancement (arrows) after 9 s,
simultaneously with the aorta (*), which is a sign of systemic vascularization (H). The tumor displays
isoenhancement (arrows) compared with the atelectasis after 18 s (I), with rapid washout (arrows)
after 2 min (J).

Furthermore, in three cases, tumors could not be detected by CEUS but were detectable
by CT (Figure 4).

The diagnostic performance of CEUS compared with B-LUS and CT is presented in
Table 1.

Table 1. Diagnostic performance of CEUS compared with B-LUS and CECT.

Imaging Modality Demarcation of Tumor from Atelectasis

B-LUS 23/54 (42.6%)

CECT 41/54 (75.9%)

CEUS 48/54 (88.9%)

CEUS and CECT 50/54 (92.6%)
B-LUS: B-mode lung ultrasound; CECT: contrast-enhanced computed tomography; CEUS: contrast-enhanced
ultrasound.

The agreement between the examiners regarding the differentiation of CLC and OAT
was “good” (Cohen’s kappa = 0.78). In two cases, the tumor and atelectasis were distin-
guishable by the first examiner but indistinguishable to the second examiner. The final
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decision made by the third examiner was that the tumor and atelectasis were indistinguish-
able. Order of enhancement
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a BA pattern of enhancement and atelectasis having a PA enhancement). 

Figure 4. A 75-year-old patient with a bronchoscopically confirmed squamous cell carcinoma of
the left upper lobe. On computed tomography scans (A–D), a central tumor formation (arrows)
with obstructive atelectasis is visible. On B-mode lung ultrasound (E), a central tumor is not distin-
guishable from the atelectatic tissue. On contrast-enhanced ultrasound, the atelectatic tissue shows
homogeneous delayed bronchial arterial enhancement simultaneously with the chest wall (arrow)
after the enhancement of the pulmonary artery (*), which is a sign of systemic vascularization (F).
After 1.5 min, a tumor formation is still not distinguishable (G). The atelectasis shows rapid washout
after 2 min (H).

Regarding OE in distinguishable CLC, 43/48 lesions (89.6%) revealed a delayed
enhancement due to BA perfusion, and 5/48 lesions (10.4%) showed an early enhancement
due to PA perfusion. The OAT showed an early PA enhancement due to PA perfusion
in 45/48 cases (93.75%) and a delayed enhancement due to BA perfusion in 3/48 cases
(6.25%). In 8/48 cases (16.67%), the tumor and the atelectasis had the same OE, with 3 cases
showing a BA pattern of enhancement and 5 cases showing a PA pattern of enhancement.
In the remaining 40/48 cases (83.3%), the CLC and OAT had different OEs (the tumor
having a BA pattern of enhancement and atelectasis having a PA enhancement).

In 6/54 cases (11.1%) with an indistinguishable central tumor, the atelectasis showed a
BA enhancement in 5 cases (83.3%), and a PA enhancement was observed in 1 case (16.7%).

3.3.2. Extent of Enhancement

Regarding EE, compared with the atelectasis, the tumors exhibited hypoenhancement
in 44/48 cases (91.7%) and isoenhancement in 4/48 cases (8.3%).

3.3.3. Homogeneity of Enhancement

Regarding HE, 44/48 CLCs (91.7%) showed homogeneous enhancement, and 4/48
CLCs (8.3%) showed inhomogeneous enhancement. The OAT exhibited homogeneous
enhancement in 34/48 cases (70.8%) and inhomogeneous enhancement in 14/48 cases
(29.2%). In 6/54 cases (11.1%) with an indistinguishable central tumor, the atelectasis
showed homogeneous enhancement in 5 cases (83.3%), and inhomogeneous enhancement
was observed in 1 case (16.7%).
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3.3.4. Decrease in Enhancement

Regarding DE, 46 CLCs showed a rapid washout (<120 s), and 2 CLCs showed a
late washout (>120 s). The OAT exhibited a rapid washout (<120 s) in 10 cases and a late
washout in 38 cases. In 9/48 cases (18.8%), the CLC and OAT showed the same washout
pattern (both rapid washout). In 38/48 cases (79.2%), the CLC showed a rapid washout,
and the OAT showed a late washout; in 1/48 cases (2.1%), the CLC showed a late washout,
and the OAT showed a rapid washout.

In 6/54 cases (11.1%) with an indistinguishable central tumor, the atelectasis showed
a rapid washout in 5 cases (83.3%), and a late washout was observed in 1 case (16.7%).

4. Discussion

In accordance with international guidelines for the staging and diagnosis of bron-
chogenic carcinoma, CECT is the diagnostic method of choice in patients with known or
suspected lung cancer [27,28]. However, the use of ultrasound in addition to CT could
be helpful in staging and in the acquisition of histologic samples [29–33]. The use of
ultrasound-guided thoracentesis and endobronchial ultrasound for staging and histologic
sampling of lymph nodes suspected of malignancy has been established in the guidelines
for lung cancer [30]. Furthermore, it is already known that the use of thoracic ultrasound,
complementary to CT, can improve the detection rate of supraclavicular lymph node inva-
sion by approximately 20% and peritumoral atelectasis by approximately 26% [31]. In this
standardized study, we investigated the value of ultrasound in the diagnosis and staging
of central lung cancer. The results demonstrated that the diagnostic accuracy of CEUS in
differentiating central tumors from atelectatic tissue is significantly superior at 88.9% com-
pared with conventional B-LUS at 42.6%. Another important finding of this study was the
demonstration that the use of CEUS in addition to CECT can be helpful in differentiating
CLCs from atelectatic lung tissue. On CEUS, a central tumor could be differentiated from
atelectatic tissue in 10 additional cases, thereby increasing the diagnostic performance of
CECT from 75.9% to 92.6% with the additional use of CEUS.

The reason for this improvement could be attributed to the ability of CEUS to differen-
tiate between chronic pathologies and normal lung tissue. It is known that the pulmonary
artery has limited and the bronchial artery has pronounced neoangiogenesis capabili-
ties [34,35]. Healthy lung tissue, including atelectatic lung tissue, and acute processes, such
as acute pneumonia, are supplied by the pulmonary artery [14,23,36]. Conversely, chronic
processes with neoangiogenesis, such as chronic inflammation or lung cancer, are predom-
inantly supplied by BA perfusion [10,23,35]. Differentiation between the PA pattern of
enhancement and the BA pattern of enhancement is possible with CEUS [37]. The contrast
agent first reaches the right heart and pulmonary arteries and then the lung tissue supplied
by the pulmonary artery (atelectatic lung tissue). Subsequently, the contrast agent reaches
the left atrium and left ventricle, and then passes through the aorta to the systemic vascu-
lature, including lung neoplasms supplied by the bronchial artery [37]. Therefore, CEUS
enables differentiation between intact lung tissue with PA supply and chronic processes
with neoangiogenesis, resulting in consecutive systemic BA perfusion [37]. However, for
differentiating between these two processes, the time until contrast enhancement should not
be used; instead, an in vivo reference with systemic vascularization should be utilized [37].
The time in seconds until contrast enhancement depends on many factors, such as cardiac
function and venous access route (peripheral or central) [37]. Quarato et al., in a prospective
study, showed that the strict measurement of the arrival time of the contrast agent (>10 s or
<10 s) is not significantly different between benign and malignant processes [38]. Therefore,
it may be more appropriate to use the term “order of enhancement” instead of “time to
enhancement”. However, the term “time to enhancement” proposed by WFUMB is also
not incorrect, as it does not refer to an exact time but rather to a time difference in contrast
enhancement between consolidations with the PA pattern of enhancement and those with
the BA pattern of enhancement [37]. Furthermore, it should be clear that a BA pattern
is not indicative of malignancy but points to a chronic process with neoangiogenesis. It
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can occur not only in malignant chronic processes, like bronchial carcinoma or metastases,
but also in chronic benign processes, like granulomatous inflammation and organized
pneumonia [23,39]. Furthermore, chronic processes, probably due to pathological shunt
formations [40], show a rapid decrease in enhancement [15,16]. In the current study, CLC
and OAT showed a different OE in 83.3% of cases and a different DE in 81.2% of cases. Thus,
during the examination time, differentiation between chronic processes (CLC) and normal
lung tissue (atelectasis) was possible due to these differing perfusion patterns. However,
differentiation between CLC and OAT is difficult when there is chronic atelectasis with a
BA perfusion pattern of enhancement. In these cases, differentiation between tumor and
atelectatic tissue may not be possible due to the similar perfusion of both chronic tissues.
In this study, five of six cases of indistinguishable tumors had OAT with a BA pattern of
enhancement. This study also investigated the pattern of central lung cancer on B-LUS
and CEUS. On B-LUS, CLC lesions were predominantly hypoechoic in 82.6% of cases,
thus displaying a pattern similar to that of pneumonia or chronic inflammation [23,41].
Furthermore, 65.2% of the tumors were homogeneous and 34.8% of the tumors were inho-
mogeneous on B-LUS. This finding indicates that CLC exhibits a heterogeneous pattern on
B-LUS, and the B-LUS characteristics alone are not a suitable method for evaluating the
malignancy of lesions suspected to be bronchogenic carcinomas. On CEUS, CLCs predomi-
nantly (89.6%) exhibited a BA perfusion pattern of enhancement with rapid washout. These
findings align with the perfusion pattern of peripheral lung cancer on CEUS [10]. CLC
showed inhomogeneous enhancement in only 8.3% of cases, which was significantly less
than peripheral lung carcinomas. Peripheral lung carcinomas were more than 70% inhomo-
geneous in a previous study [10]. This could indicate better perfusion of CLC and, thus,
smaller necrotic areas compared with peripheral lung carcinomas. Regarding the enhance-
ment pattern, 91.7% of the CLCs showed reduced enhancement, a proportion significantly
higher than that observed in peripheral lung cancer (40.5%) [10]. The reason might be the
use of atelectatic tissue as a reference lesion for evaluating CLC: atelectasis shows marked
PA enhancement, making the tumors appear more frequently as hypoenhanced in compari-
son [10]. Furthermore, CLC predominantly (79.2%) showed a rapid washout (<120 s), in
line with findings described in the literature for neoplastic lesions [15,16]. The results of
this study are relevant because they correlate with histopathologic examinations and show
the perfusion pattern of normal lung tissue (as atelectasis) adjacent to a chronic process
with neoangiogenesis, such as bronchial carcinoma, and can support earlier studies with
the same presentation of normal lung tissue and tumor tissue [23,34,35] (Table 2). However,
it must also be emphasized that there are exceptions, such as bronchial carcinomas with a
lepidic growth pattern and malignant lymphomas (Table 2). In the aforementioned entities,
the vascularization, likely due to the intact lung structure, may continue to be supplied by
the pulmonary artery, and only in later stages, when the lung architecture is destroyed,
does a shift from the PA pattern of enhancement to the BA pattern of enhancement occur.
Moreover, in cases of obstructive atelectasis, this study identified variable patterns. While
atelectatic lung tissue in this study predominantly exhibited a prolonged, homogeneous
PA enhancement pattern, consistent with previous studies [14], variable perfusion patterns
were observed in some cases within this study. In the case of chronic atelectatic lung tissue,
a shift from PA supply to BA supply can occur. In this study, 14.8% of cases showed a BA
pattern of enhancement, 27.8% displayed inhomogeneous enhancement, and 27.8% of cases
demonstrated a rapid DE (Table 2). These perfusion patterns are consistent with chronic
atelectasis and suggest neoangiogenesis with destruction of the normal lung architecture.

The findings of the present study are particularly relevant for the histologic confir-
mation of central tumors accompanied by subsequent atelectasis, especially when bron-
choscopic sampling is not feasible and an ultrasound-guided biopsy is necessary. Lei et al.
have already shown that the use of CEUS can be beneficial in the histologic evaluation of
central tumor formations [19]. A puncture success rate of 98% for CEUS-guided biopsies
has been described [19]. Moreover, the only complication observed was hemoptysis, with
no instances of pneumothorax detected. For the CT-guided percutaneous transthoracic lung
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biopsy, the overall pooled incidence of pneumothorax is approximately 26% [32]. However,
it is important to emphasize that ultrasound can target only lesions that are either caused
by atelectasis or are in direct contact with the pleural surface, hence the low probability
of pneumothorax. In contrast, CT can also target tumors located centrally within the lung
and surrounded by air-filled lung tissue. Therefore, pneumothorax in these cases during
CT-guided procedures is not unavoidable. Nonetheless, such cases cannot be visualized
or targeted with ultrasound due to total reflection at air interfaces. For lesions visible on
ultrasound, however, the needle can be monitored throughout the entire procedure, which
is not possible with CT. Furthermore, the contrast agent in CEUS is strictly intravascular,
enabling a more precise differentiation between vital and nonvital tissue [33]. Another
advantage could be the improved assessment of the tumor’s extent if targeted radiotherapy
is decided upon [2].

Table 2. CEUS perfusion patterns of pulmonary inflammatory and neoplastic lesions.

Underlying
Disease

Central Lung
Cancer

Peripheral
Lung Cancer

Lung
Lymphoma

Obstructive
Atelectasis

Acute
Pneumonia

Granulomatous
Disease

Organized
Pneumonia

Author Present study Findeisen
et al. [10]

Trenker et al.
[42] Present study Linde et al.

[36]
Safai Zadeh

et al. [23]
Safai Zadeh

et al. [39]

No. of cases 48 89 6 54 50 10 38

Year 2024 2019 2018 2024 2012 2021 2021

Pattern of enhancement on CEUS

OE (TE): PA
BA

10.4%
89.6%

28.1%
71.9%

83.3%
16.7%

85.2%
14.8%

92.0%
8.0%

0%
100%

28.9%
71.1%

EE: Marked
Reduced

8.3%
91.7%

59.5%
40.5%

100%
0.0% n.a. 74.0%

26.0%
0%

100%
76.3%
23.7%

HE: Hom
Inhom

91.7%
8.3%

23.6%
76.4%

66.7%
33.3%

72.2%
27.8%

78.0%
22.0%

0%
100%

18.4%
81.6%

DE: Rapid
Late

79.2%
20.8% n.a. 50.0%

50.0%
27.8%
72.2% n.a. 100%

0%
50.0%
50.0%

BA: bronchial arterial; CEUS: contrast-enhanced ultrasound; DE: decrease in enhancement; EE: extent of enhance-
ment; HE: homogeneity of enhancement; Hom: homogeneous; Inhom: inhomogeneous; n.a.: not analyzed; PA:
pulmonary arterial; OE: order of enhancement;TE: time to enhancement.

Furthermore, these results may contribute to a better understanding of the funda-
mentals of contrast-enhanced ultrasound for lung lesions, aiding in the development and
application of this radiation-free and cost-effective method.

5. Limitations of the Study

There were some limitations to this study. These include the general limitations
of lung ultrasound examinations, which are characterized by high interobserver and
interequipment variability [43]. Furthermore, the study was conducted solely on patients
who were referred to the interdisciplinary center of ultrasound diagnostics with suspected
or confirmed lung cancer; therefore, selection bias cannot be ruled out. Furthermore, in this
study it was not possible to perform a histological confirmation of obstructive atelectasis
and the demarcated tumor in CEUS due to ethical reasons, therefore the differentiation
between tumor and atelectasis remains a “presumed” differentiation. Another limitation of
our study is the semi-quantitative classification of the ultrasound data, which may allow
greater interpretive flexibility than a quantitative approach would. However, the inter-rater
observer variability for the ultrasound findings demonstrated “good” agreement. Due to
the retrospective nature of this study and the relatively small number of subjects (N = 54),
further prospective multicentric studies are needed to validate our findings.
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6. Conclusions

In summary, the results of this study indicate that CEUS may be useful in evaluat-
ing CLC. It has been previously described that the use of CEUS in addition to B-LUS is
advantageous for the histologic sampling of central tumors with OAT [44]. However, it
must be emphasized that a CLC can be visualized on ultrasound only if there is subsequent
atelectasis present. Furthermore, CT offers a better overview compared with ultrasound,
and, in ultrasound, only approximately 70% of the pleural surface can be examined [45].
The superior overview provided by CT enables the visualization of additional potential
pathologies, which is indispensable for staging. Therefore, CT remains the gold standard,
and B-LUS and CEUS remain only as additional methods to CT. CEUS in addition to CT
can be employed in unclear cases or for histologic confirmation of central tumors. To
assess the clinical relevance of these data and to validate our findings, further prospective
multicentric studies are needed.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/diagnostics14101051/s1.

Author Contributions: Conceptualization, E.S.Z., K.P.H., H.F. and C.G.; methodology, E.S.Z., K.P.H.,
H.F. and C.G.; investigation, E.S.Z. and C.G.; resources, E.S.Z. and C.G.; data curation, E.S.Z. and
C.G.; writing—original draft preparation, E.S.Z. and K.P.H.; writing—review and editing, E.S.Z.,
K.P.H., H.P., H.F. and C.G.; visualization, C.G. and E.S.Z.; supervision, E.S.Z., H.P., H.F. and C.G.;
project administration, E.S.Z., H.P., H.F. and C.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of Philipps University Marburg
(protocol code: 23/92 RS and date of approval: 11 April 2023.).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study
for ultrasound examinations.

Data Availability Statement: The data are not publicly available due to privacy and ethical restrictions.

Acknowledgments: The CT images were kindly provided by Andreas H. Mahnken, the Department
of Diagnostic and Interventional Radiology at Marburg University Hospital, and we acknowledge
his support.

Conflicts of Interest: C. Görg received funding from Bracco Imaging. Bracco Imaging supported
CEUS workshops at the University Hospital Marburg. The other authors declare no conflicts
of interest.

References
1. Schindler, M.B. Treatment of atelectasis: Where is the evidence? Crit. Care 2005, 9, 341–342. [CrossRef] [PubMed]
2. Yang, R.-M.; Li, L.; Wei, X.-H.; Guo, Y.-M.; Huang, Y.-H.; Lai, L.-S.; Chen, A.-M.; Liu, G.-S.; Xiong, W.-F.; Luo, L.-P.; et al.

Differentiation of Central Lung Cancer from Atelectasis: Comparison of Diffusion-Weighted MRI with PET/CT. PLoS ONE 2013,
8, e60279. [CrossRef] [PubMed]

3. Vaaler, A.K.; Forrester, J.M.; Lesar, M.; Edison, M.; Venzon, D.; Johnson, B.E. Obstructive atelectasis in patients with small cell
lung cancer. Incidence and response to treatment. Chest 1997, 111, 115–120. [CrossRef] [PubMed]

4. Goeckenjan, G.; Sitter, H.; Thomas, M.; Branscheid, D.; Flentje, M.; Griesinger, F.; Niederle, N.; Stuschke, M.; Blum, T.; Depper-
mann, K.-M.; et al. Prevention, Diagnosis, Therapy, and Follow-up of Lung Cancer. Pneumologie 2011, 65, 39–59. [CrossRef]

5. Silvestri, G.A.; Gonzalez, A.V.; Jantz, M.A.; Margolis, M.L.; Gould, M.K.; Tanoue, L.T.; Harris, L.J.; Detterbeck, F.C. Methods for
staging non-small cell lung cancer: Diagnosis and management of lung cancer, 3rd ed: American College of Chest Physicians
evidence-based clinical practice guidelines. Chest 2013, 143, e211S–e250S. [CrossRef] [PubMed]

6. Kalemkerian, G.P.; Loo, B.W.; Akerley, W.; Attia, A.; Bassetti, M.; Boumber, Y.; Decker, R.; Dobelbower, M.C.; Dowlati, A.; Downey,
R.J.; et al. NCCN Guidelines Insights: Small Cell Lung Cancer, Version 2.2018. J. Natl. Compr. Cancer Netw. 2018, 16, 1171–1182.
[CrossRef] [PubMed]

7. Tobler, J.; Levitt, R.G.; Glazer, H.S.; Moran, J.; Crouch, E.; Evens, R.G. Differentiation of proximal bronchogenic carcinoma from
postobstructive lobar collapse by magnetic resonance imaging. Comparison with computed tomography. Investig. Radiol. 1987,
22, 538–543. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/diagnostics14101051/s1
https://www.mdpi.com/article/10.3390/diagnostics14101051/s1
https://doi.org/10.1186/cc3766
https://www.ncbi.nlm.nih.gov/pubmed/16137380
https://doi.org/10.1371/journal.pone.0060279
https://www.ncbi.nlm.nih.gov/pubmed/23593186
https://doi.org/10.1378/chest.111.1.115
https://www.ncbi.nlm.nih.gov/pubmed/8996004
https://doi.org/10.1055/s-0030-1255961
https://doi.org/10.1378/chest.12-2355
https://www.ncbi.nlm.nih.gov/pubmed/23649440
https://doi.org/10.6004/jnccn.2018.0079
https://www.ncbi.nlm.nih.gov/pubmed/30323087
https://doi.org/10.1097/00004424-198707000-00002
https://www.ncbi.nlm.nih.gov/pubmed/3623859


Diagnostics 2024, 14, 1051 11 of 12

8. Qi, L.P.; Zhang, X.P.; Tang, L.; Li, J.; Sun, Y.S.; Zhu, G.Y. Using diffusion-weighted MR imaging for tumor detection in the collapsed
lung: A preliminary study. Eur. Radiol. 2009, 19, 333–341. [CrossRef] [PubMed]

9. Mathis, G. Chest Sonography; Springer: Cham, Switzerland, 2017.
10. Findeisen, H.; Trenker, C.; Figiel, J.; Greene, B.H.; Görg, K.; Görg, C. Vascularization of Primary, Peripheral Lung Carcinoma in

CEUS—A Retrospective Study (n = 89 Patients). Ultraschall Med. 2019, 40, 603–608. [CrossRef]
11. Findeisen, H.; Trenker, C.; Zadeh, E.S.; Görg, C. Further aspects concering peripheral lung carcinoma in CEUS. Ultraschall

Med.-Eur. J. Ultrasound 2020, 42, 323. [CrossRef]
12. Görg, C.; Bert, T.; Kring, R.; Dempfle, A. Transcutaneous contrast enhanced sonography of the chest for evaluation of pleural

based pulmonary lesions: Experience in 137 patients. Ultraschall Med. 2006, 27, 437–444. [CrossRef] [PubMed]
13. Görg, C.; Kring, R.; Bert, T. Transcutaneous contrast-enhanced sonography of peripheral lung lesions. AJR Am. J. Roentgenol. 2006,

187, W420–W429. [CrossRef] [PubMed]
14. Görg, C.; Bert, T.; Kring, R. Contrast-enhanced sonography of the lung for differential diagnosis of atelectasis. J. Ultrasound Med.

2006, 25, 35–39. [CrossRef] [PubMed]
15. Sartori, S. Contrast-enhanced ultrasonography in peripheral lung consolidations: What’s its actual role? World J. Radiol. 2013, 5,

372. [CrossRef] [PubMed]
16. Caremani, M.; Benci, A.; Lapini, L.; Tacconi, D.; Caremani, A.; Ciccotosto, C.; Magnolfi, A.L. Contrast enhanced ultrasonography

(CEUS) in peripheral lung lesions: A study of 60 cases. J. Ultrasound 2008, 11, 89–96. [CrossRef] [PubMed]
17. Safai Zadeh, E.; Görg, C.; Dietrich, C.F.; Görlach, J.; Alhyari, A.; Trenker, C. Contrast-Enhanced Ultrasound for Evaluation of

Pleural Effusion: A Pictorial Essay. J. Ultrasound Med. 2021, 41, 485–503. [CrossRef] [PubMed]
18. Safai Zadeh, E.; Weide, J.; Dietrich, C.F.; Trenker, C.; Koczulla, A.R.; Görg, C. Diagnostic Accuracy of B-Mode- and Contrast-

Enhanced Ultrasound in Differentiating Malignant from Benign Pleural Effusions. Diagnostics 2021, 11, 1293. [CrossRef] [PubMed]
19. Lei, Z.; Lou, J.; Bao, L.; Lv, Z. Contrast-enhanced ultrasound for needle biopsy of central lung cancer with atelectasis. J. Med.

Ultrason. 2018, 45, 461–467. [CrossRef]
20. Heese, F.; Görg, C. Diagnostische Wertigkeit einer internistischen Referenzsonographie (DEGUM-Stufe 3). Ultraschall Med.-Eur. J.

Ultrasound 2006, 27, 220–224. [CrossRef]
21. De Leyn, P.; Dooms, C.; Kuzdzal, J.; Lardinois, D.; Passlick, B.; Rami-Porta, R.; Turna, A.; Van Schil, P.; Venuta, F.; Waller, D.; et al.

Revised ESTS guidelines for preoperative mediastinal lymph node staging for non-small-cell lung cancer. Eur. J. Cardiothorac.
Surg. 2014, 45, 787–798. [CrossRef] [PubMed]

22. Sidhu, P.; Cantisani, V.; Dietrich, C.; Gilja, O.; Saftoiu, A.; Bartels, E.; Bertolotto, M.; Calliada, F.; Clevert, D.-A.; Cosgrove, D.;
et al. The EFSUMB Guidelines and Recommendations for the Clinical Practice of Contrast-Enhanced Ultrasound (CEUS) in
Non-Hepatic Applications: Update 2017 (Long Version). Ultraschall Med.-Eur. J. Ultrasound 2018, 39, e2–e44. [CrossRef] [PubMed]

23. Safai Zadeh, E.; Keber, C.U.; Dietrich, C.F.; Westhoff, C.C.; Günter, C.; Beutel, B.; Alhyari, A.; Trenker, C.; Görg, C. Perfusion
Patterns of Peripheral Pulmonary Granulomatous Lesions Using Contrast-Enhanced Ultrasound (CEUS) and Their Correlation
with Immunohistochemically Detected Vascularization Patterns. J. Ultrasound Med. 2021, 41, 565–574. [CrossRef] [PubMed]

24. Bartelt, S.; Trenker, C.; Görg, C.; Neesse, A. Contrast-enhanced ultrasound of embolic consolidations in patients with pulmonary
embolism: A pilot study. J. Clin. Ultrasound 2016, 44, 129–135. [CrossRef] [PubMed]

25. Trenker, C.; Dohse, M.; Ramaswamy, A.; Michel, C.; Gorg, C. Histological validation of pulmonary infarction detected with
contrast-enhanced ultrasound in patients with negative computed tomography pulmonary angiogram: A case series. J. Clin.
Ultrasound 2019, 47, 461–465. [CrossRef]

26. Jung, E.M.; Stroszczynski, C.; Jung, F. Contrast enhanced ultrasound (CEUS) to assess pleural pulmonal changes in severe
COVID-19 infection: First results. Clin. Hemorheol. Microcirc. 2020, 75, 19–26. [CrossRef] [PubMed]

27. National Institute for Health and Care Excellence: Guidelines. In Lung Cancer: Diagnosis and Management; National Institute for
Health and Care Excellence (NICE): London, UK, 2023. Available online: https://www.ncbi.nlm.nih.gov/books/NBK542463/
(accessed on 8 March 2024).

28. Del Giudice, M.E.; Young, S.M.; Vella, E.T.; Ash, M.; Bansal, P.; Robinson, A.; Skrastins, R.; Ung, Y.; Zeldin, R.; Levitt, C. Guideline
for referral of patients with suspected lung cancer by family physicians and other primary care providers. Can. Fam. Phys. 2014,
60, e376–e782.

29. Prosch, H.; Strasser, G.; Sonka, C.; Oschatz, E.; Mashaal, S.; Mohn-Staudner, A.; Mostbeck, G.H. Cervical ultrasound (US) and
US-guided lymph node biopsy as a routine procedure for staging of lung cancer. Ultraschall Med. 2007, 28, 598–603. [CrossRef]
[PubMed]

30. Rivera, M.P.; Mehta, A.C.; Wahidi, M.M. Establishing the diagnosis of lung cancer: Diagnosis and management of lung cancer, 3rd
ed: American College of Chest Physicians evidence-based clinical practice guidelines. Chest 2013, 143, e142S–e165S. [CrossRef]
[PubMed]

31. Hafez, M.R.; Sobh, E.S.; Elsawy, S.B.; Abo-Elkheir, O.I. The usefulness of thoracic ultrasonography in diagnosis and staging of
bronchogenic carcinoma. Ultrasound 2017, 25, 200–212. [CrossRef]

32. Huo, Y.R.; Chan, M.V.; Habib, A.R.; Lui, I.; Ridley, L. Pneumothorax rates in CT-Guided lung biopsies: A comprehensive
systematic review and meta-analysis of risk factors. Br. J. Radiol. 2020, 93, 20190866. [CrossRef]

33. Yusuf, G.T.; Fang, C.; Tran, S.; Rao, D.; Bartlett-Pestell, S.; Stefanidis, K.; Huang, D.Y.; Sidhu, P.S. A pictorial review of the utility of
CEUS in thoracic biopsies. InsightsImaging 2021, 12, 9. [CrossRef] [PubMed]

https://doi.org/10.1007/s00330-008-1134-3
https://www.ncbi.nlm.nih.gov/pubmed/18690450
https://doi.org/10.1055/a-0725-7865
https://doi.org/10.1055/a-1090-4327
https://doi.org/10.1055/s-2006-927021
https://www.ncbi.nlm.nih.gov/pubmed/17033945
https://doi.org/10.2214/ajr.05.0890
https://www.ncbi.nlm.nih.gov/pubmed/16985116
https://doi.org/10.7863/jum.2006.25.1.35
https://www.ncbi.nlm.nih.gov/pubmed/16371553
https://doi.org/10.4329/wjr.v5.i10.372
https://www.ncbi.nlm.nih.gov/pubmed/24179632
https://doi.org/10.1016/j.jus.2008.05.008
https://www.ncbi.nlm.nih.gov/pubmed/23397023
https://doi.org/10.1002/jum.15705
https://www.ncbi.nlm.nih.gov/pubmed/33782994
https://doi.org/10.3390/diagnostics11071293
https://www.ncbi.nlm.nih.gov/pubmed/34359376
https://doi.org/10.1007/s10396-017-0851-0
https://doi.org/10.1055/s-2006-926665
https://doi.org/10.1093/ejcts/ezu028
https://www.ncbi.nlm.nih.gov/pubmed/24578407
https://doi.org/10.1055/a-0586-1107
https://www.ncbi.nlm.nih.gov/pubmed/29510439
https://doi.org/10.1002/jum.15730
https://www.ncbi.nlm.nih.gov/pubmed/33955572
https://doi.org/10.1002/jcu.22313
https://www.ncbi.nlm.nih.gov/pubmed/26481727
https://doi.org/10.1002/jcu.22755
https://doi.org/10.3233/ch-209005
https://www.ncbi.nlm.nih.gov/pubmed/32538830
https://www.ncbi.nlm.nih.gov/books/NBK542463/
https://doi.org/10.1055/s-2007-963215
https://www.ncbi.nlm.nih.gov/pubmed/17602370
https://doi.org/10.1378/chest.12-2353
https://www.ncbi.nlm.nih.gov/pubmed/23649436
https://doi.org/10.1177/1742271x17721264
https://doi.org/10.1259/bjr.20190866
https://doi.org/10.1186/s13244-020-00944-w
https://www.ncbi.nlm.nih.gov/pubmed/33506348


Diagnostics 2024, 14, 1051 12 of 12

34. Eldridge, L.; Wagner, E.M. Angiogenesis in the lung. J. Physiol. 2019, 597, 1023–1032. [CrossRef] [PubMed]
35. Eldridge, L.; Moldobaeva, A.; Zhong, Q.; Jenkins, J.; Snyder, M.; Brown, R.H.; Mitzner, W.; Wagner, E.M. Bronchial Artery

Angiogenesis Drives Lung Tumor Growth. Cancer Res. 2016, 76, 5962–5969. [CrossRef] [PubMed]
36. Linde, H.N.; Holland, A.; Greene, B.H.; Görg, C. Contrast-enhancend sonography (CEUS) in pneumonia: Typical patterns and

clinical value—A retrospective study on n = 50 patients. Ultraschall Med. 2012, 33, 146–151. [CrossRef] [PubMed]
37. Safai Zadeh, E.; Görg, C.; Prosch, H.; Jenssen, C.; Blaivas, M.; Laursen, C.B.; Jacobsen, N.; Dietrich, C.F. WFUMB Technological

Review: How to Perform Contrast-Enhanced Ultrasound of the Lung. Ultrasound Med. Biol. 2022, 48, 598–616. [CrossRef]
[PubMed]

38. Quarato, C.M.I.; Feragalli, B.; Lacedonia, D.; Rea, G.; Scioscia, G.; Maiello, E.; Di Micco, C.; Borelli, C.; Mirijello, A.; Graziano, P.;
et al. Contrast-Enhanced Ultrasound in Distinguishing between Malignant and Benign Peripheral Pulmonary Consolidations:
The Debated Utility of the Contrast Enhancement Arrival Time. Diagnostics 2023, 13, 666. [CrossRef] [PubMed]

39. Safai Zadeh, E.; Westhoff, C.C.; Keber, C.U.; Trenker, C.; Dietrich, C.F.; Alhyari, A.; Mohr, C.G.L.; Görg, C. Perfusion Pat-
terns of Peripheral Organizing Pneumonia (POP) Using Contrast-Enhanced Ultrasound (CEUS) and Their Correlation with
Immunohistochemically Detected Vascularization Patterns. Diagnostics 2021, 11, 1601. [CrossRef] [PubMed]

40. Pries, A.R.; Höpfner, M.; le Noble, F.; Dewhirst, M.W.; Secomb, T.W. The shunt problem: Control of functional shunting in normal
and tumour vasculature. Nat. Rev. Cancer 2010, 10, 587–593. [CrossRef]

41. Reissig, A.; Copetti, R.; Mathis, G.; Mempel, C.; Schuler, A.; Zechner, P.; Aliberti, S.; Neumann, R.; Kroegel, C.; Hoyer, H. Lung
Ultrasound in the Diagnosis and Follow-up of Community-Acquired Pneumonia. Chest 2012, 142, 965–972. [CrossRef]

42. Trenker, C.; Wilhelm, C.; Neesse, A.; Rexin, P.; Görg, C. Contrast-Enhanced Ultrasound in Pulmonary Lymphoma: A Small Pilot
Study. J. Ultrasound Med. 2018, 37, 2943–2947. [CrossRef]

43. Hansell, L.; Milross, M.; Delaney, A.; Tian, D.H.; Ntoumenopoulos, G. Interrater reliability in assigning a lung ultrasound score.
Aust. Crit. Care 2023, 36, 732–736. [CrossRef] [PubMed]

44. Liang, J.; Wang, D.; Li, H.; Zhao, S.; Chen, M.; Li, H.; Ding, Z.; Liu, J.; Liu, L. Contrast-enhanced ultrasound for needle biopsy of
thoracic lesions. Oncol. Lett. 2020, 20, 75. [CrossRef] [PubMed]

45. Messina, G.; Bove, M.; Natale, G.; Di Filippo, V.; Opromolla, G.; Rainone, A.; Leonardi, B.; Martone, M.; Fiorelli, A.; Vicidomini,
G.; et al. Diagnosis of malignant pleural disease: Ultrasound as “a detective probe”. Thorac. Cancer 2023, 14, 223–230. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1113/jp275860
https://www.ncbi.nlm.nih.gov/pubmed/30022479
https://doi.org/10.1158/0008-5472.Can-16-1131
https://www.ncbi.nlm.nih.gov/pubmed/27569207
https://doi.org/10.1055/s-0031-1273280
https://www.ncbi.nlm.nih.gov/pubmed/21630185
https://doi.org/10.1016/j.ultrasmedbio.2021.11.014
https://www.ncbi.nlm.nih.gov/pubmed/35067423
https://doi.org/10.3390/diagnostics13040666
https://www.ncbi.nlm.nih.gov/pubmed/36832153
https://doi.org/10.3390/diagnostics11091601
https://www.ncbi.nlm.nih.gov/pubmed/34573943
https://doi.org/10.1038/nrc2895
https://doi.org/10.1378/chest.12-0364
https://doi.org/10.1002/jum.14651
https://doi.org/10.1016/j.aucc.2022.10.008
https://www.ncbi.nlm.nih.gov/pubmed/36404268
https://doi.org/10.3892/ol.2020.11936
https://www.ncbi.nlm.nih.gov/pubmed/32863908
https://doi.org/10.1111/1759-7714.14735
https://www.ncbi.nlm.nih.gov/pubmed/36415167

	Introduction 
	Materials and Methods 
	Ultrasound Examination 
	B-LUS 
	CEUS 

	Results 
	Demographic and Clinical Data 
	B-US 
	Differentiation between the Tumor and Atelectatic Tissue on B-US 
	Echogenicity of the Tumor 
	Homogeneity of the Tumor 

	CEUS Data 
	Differentiation between the Tumor and Atelectatic Tissue on CEUS 
	Extent of Enhancement 
	Homogeneity of Enhancement 
	Decrease in Enhancement 


	Discussion 
	Limitations of the Study 
	Conclusions 
	References

