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Simple Summary: This study investigated how pulmonary metastases in the lungs can be assessed
using a special imaging technique called contrast-enhanced ultrasound (CEUS). We analyzed data
from 54 patients with confirmed cancer spread to the lungs. Our goal was to identify patterns of
blood flow in the lung tumors and to compare these with the findings from tissue samples stained
to highlight blood vessels. The results showed that most lung tumors had a blood supply from
the bronchial arteries, with a few showing a supply from the pulmonary arteries. Additionally,
most tumors showed a rapid reduction in contrast enhancement. This research helps improve the
understanding of blood flow in lung tumors and could aid in developing better diagnostics strategies.

Abstract: Purpose: Description of the perfusion of pulmonary metastasis by contrast-enhanced
ultrasound (CEUS) and their correlation with vascularization patterns represented by immunohisto-
chemical CD34 endothelial staining. Patients and methods: The data of 54 patients with histologic
proven peripheral pulmonary metastasis, investigated between 2004 and 2023 by CEUS. These CEUS
parameters were evaluated: time to enhancement (TE), categorized as early pulmonary-arterial (PA)
or delayed bronchial-arterial (BA) patterns; extent of enhancement (EE), either marked or reduced;
homogeneity of enhancement (HE), homogeneous or inhomogeneous; and decrease of enhancement
(DE), rapid washout (<120 s) or late washout (≥120 s). Additionally, tissue samples in 45 cases
(83.3%) were stained with CD34 antibody for immunohistochemical analysis. Results: In total, 4
lesions (7.4 %) exhibited PA enhancement, and 50 lesions (92.6%) demonstrated BA enhancement.
Furthermore, 37 lesions (68.5%) showed marked enhancement, while 17 lesions (31.5%) exhibited
reduced enhancement. The enhancement was homogeneous in 28 lesions (51.86%) and inhomoge-
neous in 26 lesions (48.14%). Additionally, 53 lesions (98.1%) displayed a rapid washout. A chaotic
vascular pattern indicative of a bronchial arterial blood supply was identified in all cases (45/45,
100%), including all 4 lesions with PA enhancement. Conclusion: Pulmonary metastases in CEUS
predominantly reveal bronchial arterial enhancement and a rapid washout. Regarding EE and HE,
pulmonary metastases show heterogeneous perfusion patterns. A PA enhancement in CEUS does not
exclude BA neoangiogenesis.

Keywords: peripheral pulmonary metastasis; contrast-enhanced ultrasound; lung ultrasound; vascu-
larization
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1. Introduction

Lung metastases are relatively prevalent in patients with underlying malignant dis-
eases. The literature reports an incidence rate of 18 per 100,000 for synchronous lung
metastases [1]. Therefore, the evaluation of malignancy in pulmonary masses in these
patients holds significant diagnostic and prognostic importance. Computed tomography
(CT) and positron emission tomography–computed tomography (PET-CT) are the imaging
modalities of choice for assessing indeterminate pulmonary nodules [2]. CT and PET-CT
exhibit high sensitivities of 94% and 89%, respectively, but moderate specificities of 73%
and 78% in differentiating benign from malignant solitary pulmonary nodules [3]. Con-
sequently, the advancement of diagnostic strategies to further characterize indeterminate
pulmonary masses remains imperative. Lung ultrasound (LUS) presents several limita-
tions to the evaluation of pulmonary lesions. It is restricted to visualizing pleura-adjacent
lesions, and due to interference from air and bony structures, only approximately 70% of
the pleural surface is accessible via LUS [4]. Nevertheless, if a peripheral pulmonary lesion
is detectable on LUS, particularly with contrast-enhanced ultrasound (CEUS), this modality
can provide valuable supplementary information to cross-sectional imaging [5–24]. Ul-
trasound has the highest spatial resolution compared to other imaging modalities, and
the contrast agent in CEUS remains strictly intravascular [25–29]. These features allow for
the dynamic visualization of the perfusion of lesions. Preliminary studies indicate that
CEUS may be beneficial for distinguishing between acute and chronic processes [30,31].
To explore the clinical importance and potentially integrate CEUS into clinical practice, it
is essential to first investigate and delineate the foundational principles of CEUS across
various subgroups. Currently, there are limited data regarding the CEUS patterns of lung
metastases. This study aims to elucidate the fundamentals of CEUS in the subgroup of
non-hematologic pulmonary metastases, correlating with histopathological findings.

2. Materials and Methods

Between 2004 and 2023, a total of 69 patients with suspected pleura-based non-
hematological pulmonary metastases (PM), visualizable by B-mode lung ultrasound (B-
LUS), were analyzed using contrast-enhanced ultrasound (CEUS). The patients presented
to the ultrasound center either for the histological confirmation of peripheral pulmonary
lesions or for correlation with cross-sectional imaging. The examinations were standardized
and conducted by a single examiner, qualified at DEGUM Level III from the German Society
for Ultrasound in Medicine, with over 35 years of experience in thoracic sonography (C.G.,
internal medicine) at a university ultrasound center. All pleural-based lesions (PPLs) were
larger than 5 mm. The inclusion criteria for this retrospective analysis were (1) histological
confirmation of lesions as non-hematological pulmonary metastases and (2) standardized
documentation of the B-LUS and CEUS data. A total of 15 patients were excluded because
they did not meet the study criteria of histologically confirmed pulmonary metastasis (n = 2
no histological confirmation, n = 10 primary tumor was identified). Ultimately, 54 patients
with proven non-hematological metastases met the inclusion criteria and were included
in the study. Informed consent for the CEUS examination was obtained from all patients,
and the study received approval from the local ethics committee (protocol code: 24-204 RS),
being conducted in accordance with the revised Declaration of Helsinki.

2.1. Ultrasound

B-LUS examinations were carried out using an ACUSON SEQUOIA 512 GI ultrasound
machine (Siemens, Erlangen, Germany) with a 4C1 curved-array transducer at 4 MHz.
CEUS was performed with the same transducer in contrast-specific mode (1.5 MHz),
following EFSUMB guidelines [32]. A 2.4 mL bolus of SonoVue® (Bracco Imaging S.p.A.,
Milan, Italy) was administered intravenously, followed by 10 mL of NaCl 0.9%. Lesion
perfusion was continuously monitored for 30 s, recorded as clips, and then, re-evaluated at
one-minute intervals for up to 3 min, with changes documented as images. All examinations
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were conducted in a sitting position, parallel to the ribs. The following B-LUS and CEUS
parameters were analyzed retrospectively.

2.2. B-Mode Ultrasound Parameter

1. The echogenicity of the lesion was classified as either hypoechoic or iso-/hyperechoic
in comparison to the echogenicity of parenchymal organs, which served as an in vivo
reference;

2. The size of the peripheral pulmonary lesion was measured in centimeters.

2.3. Contrast-Enhanced Ultrasound Parameters

The parameters collected to determine the perfusion pattern using contrast media
were as follows.

1. The time to enhancement (TE) following intravenous contrast injection was mea-
sured and categorized into two patterns, namely early pulmonary-arterial (PA) en-
hancement, where the lesion showed contrast enhancement before it appeared in
the thoracic wall, and delayed bronchial-arterial (BA) enhancement, where contrast
enhancement appeared in the lesion at the same time or after it reached the thoracic
wall or parenchymal organs [33];

2. The extent of enhancement (EE) during the arterial phase was classified as either
reduced EE (hypoechoic) or marked EE (isoechoic), compared to the parenchymal
enhancement of the spleen, which was used as an in vivo reference [33];

3. The homogeneity of enhancement (HE) during the arterial phase was categorized as
either homogeneous or inhomogeneous. Lesions showing both perfused and non-
perfused areas (NPAs) were classified as having inhomogeneous enhancement [33];

4. The decrease of enhancement (DE) in the parenchymal phase (washout) was classified
as either a rapid washout (<120 s) or a late washout (>120 s) [34].

The B-LUS and CEUS data were retrospectively evaluated by two independent, expe-
rienced investigators (E.S. and C.G.). In the event of discrepancies, the final decision was
made by a third experienced investigator (H.F.).

2.4. Histopathological Examinations

In all cases, tissue samples were obtained through either US-guided biopsy or surgical
sampling. The samples were fixed in a 4% formalin solution, embedded in paraffin, sec-
tioned at a thickness of 4 µm, and stained with hematoxylin and eosin (H&E) for routine
analysis. In 45 of the 54 cases, immunohistochemistry for CD34, an endothelial cell marker,
was performed to assist in the evaluation of the vascular architecture and to confirm the
presence of malignant cells [35–38] using standard methods (EnVision + Dual Link System-
HRP, with 3,3′-diaminobenzidine as chromogen) and detected by the monoclonal antibody
QBEnd10 (Agilent Dako, Waldbronn, Germany). An experienced pathologist (C.C.W.)
microscopically identified all tissue samples as diseased lung tissue with metastases. The
vascular patterns observed included a regular alveolar pattern, consistent with the pul-
monary capillary network found in healthy lung tissue or acute pneumonia, indicating PA
supply (Figure 1A). In contrast, disorganized and chaotic vascular patterns, resembling the
BA neo-angiogenesis typical of malignant lung tumors, were identified for BA supply, as
previously described (Figure 1B) [39].
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Figure 1. Exemplary immunohistochemistry patterns for CD34, a marker of endothelial cells, were 
observed. (A) A regular alveolar pattern, corresponding to the pulmonary capillary network in 
healthy lung tissue, is indicative of pulmonary arterial supply. (B) A disorganized and chaotic vas-
cular pattern, characteristic of bronchial arterial neoangiogenesis, is indicative of bronchial arterial 
supply. 

3. Results 
Of 54 patients, 29 were males and 25 were females. The mean age was 68.74 years, 

with a standard deviation of 12.8 years (range 29–88 years). The tumor entities confirmed 
in these patients were non-small cell lung cancer (NSCLC) (n = 12), colorectal cancer (CRC) 
(n = 7), renal cell carcinoma (RCC) (n = 6), breast cancer (n = 4), pancreatic cancer (n = 3), 
sarcoma (n = 3), head/neck carcinoma (n = 7), and gynecological carcinoma (cervical, en-
dometrial, vulvar, and uterine) (n = 6), germ cell tumor (n = 2) as well as individual cases 
of cancer of unknown primary (CUP), melanoma, hepatocellular carcinoma (HCC), and 
urothelial carcinoma(Table 1). Histologically, there were 50 carcinomas, 3 sarcomas, and 
1 melanoma. A total of 53 lesions were confirmed by biopsy, and one case was confirmed 
surgically. 

Table 1. Histology of n = 54 patients. 

Histology Patients 
carcinoma 50 
sarcoma 3 

melanoma 1 

3.1. B-Mode Ultrasound Data 
All 54 lesions appeared hypoechoic on B-LUS. The average size of the lesions was 2.0 

× 1.9 cm, with a range from 0.4 × 0.4 cm to 5 × 4 cm. 

3.2. Contrast-Enhanced Ultrasound Data 
In total, 4 lesions (7.4%) exhibited PA enhancement (Figure 2), and 50 lesions (92.6%) 

demonstrated BA enhancement (Figure 3). Furthermore, 37 lesions (68.5%) showed 
marked enhancement, while 17 lesions (31.5%) exhibited reduced enhancement. The en-
hancement was homogeneous in 28 lesions (51.86%) and inhomogeneous in 26 lesions 
(48.14%). Additionally, 53 lesions (98.1%) displayed a rapid washout, and one lesion 
(1.9%) (RCC) exhibited a late washout. 

Figure 1. Exemplary immunohistochemistry patterns for CD34, a marker of endothelial cells, were
observed. (A) A regular alveolar pattern, corresponding to the pulmonary capillary network in
healthy lung tissue, is indicative of pulmonary arterial supply. (B) A disorganized and chaotic
vascular pattern, characteristic of bronchial arterial neoangiogenesis, is indicative of bronchial arterial
supply.

3. Results

Of 54 patients, 29 were males and 25 were females. The mean age was 68.74 years,
with a standard deviation of 12.8 years (range 29–88 years). The tumor entities confirmed
in these patients were non-small cell lung cancer (NSCLC) (n = 12), colorectal cancer (CRC)
(n = 7), renal cell carcinoma (RCC) (n = 6), breast cancer (n = 4), pancreatic cancer (n = 3),
sarcoma (n = 3), head/neck carcinoma (n = 7), and gynecological carcinoma (cervical,
endometrial, vulvar, and uterine) (n = 6), germ cell tumor (n = 2) as well as individual cases
of cancer of unknown primary (CUP), melanoma, hepatocellular carcinoma (HCC), and
urothelial carcinoma(Table 1). Histologically, there were 50 carcinomas, 3 sarcomas, and
1 melanoma. A total of 53 lesions were confirmed by biopsy, and one case was confirmed
surgically.

Table 1. Histology of n = 54 patients.

Histology Patients

carcinoma 50

sarcoma 3

melanoma 1

3.1. B-Mode Ultrasound Data

All 54 lesions appeared hypoechoic on B-LUS. The average size of the lesions was
2.0 × 1.9 cm, with a range from 0.4 × 0.4 cm to 5 × 4 cm.

3.2. Contrast-Enhanced Ultrasound Data

In total, 4 lesions (7.4%) exhibited PA enhancement (Figure 2), and 50 lesions (92.6%)
demonstrated BA enhancement (Figure 3). Furthermore, 37 lesions (68.5%) showed marked
enhancement, while 17 lesions (31.5%) exhibited reduced enhancement. The enhance-
ment was homogeneous in 28 lesions (51.86%) and inhomogeneous in 26 lesions (48.14%).
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Additionally, 53 lesions (98.1%) displayed a rapid washout, and one lesion (1.9%) (RCC)
exhibited a late washout.
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Figure 2. A 45-year-old male patient with a known previously diagnosed non-seminomatous germ 
cell tumor and multiple pulmonary nodules on (A) computed tomography (arrow) and (B,C) B-
mode ultrasound. An ultrasound-guided 18 G core needle biopsy of the lung lesion was performed, 
and histopathological examination confirmed the diagnosis of a metastatic germ cell tumor. On con-
trast-enhanced ultrasound, the lesion displayed (D) early enhancement, indicative of a pulmonary-
arterial supply, and (D) a marked and homogeneous pattern of enhancement with(E,F) an early 
decrease of enhancement. (G) The tissue sample (HE staining) showed infiltration by a malignant, 
epithelial differentiated tumor. (H) Immunohistochemical staining with CD34 was performed, re-
vealing a chaotic pattern, consistent with bronchial arterial neoangiogenesis (×200). 

Figure 2. A 45-year-old male patient with a known previously diagnosed non-seminomatous germ
cell tumor and multiple pulmonary nodules on (A) computed tomography (arrow) and (B,C) B-mode
ultrasound. An ultrasound-guided 18 G core needle biopsy of the lung lesion was performed, and
histopathological examination confirmed the diagnosis of a metastatic germ cell tumor. On contrast-
enhanced ultrasound, the lesion displayed (D) early enhancement, indicative of a pulmonary-arterial
supply, and (D) a marked and homogeneous pattern of enhancement with (E,F) an early decrease
of enhancement. (G) The tissue sample (HE staining) showed infiltration by a malignant, epithelial
differentiated tumor. (H) Immunohistochemical staining with CD34 was performed, revealing a
chaotic pattern, consistent with bronchial arterial neoangiogenesis (×200).
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on the (A) computed tomography (arrow) (courtesy of Prof. Dr. Andreas H. Mahnken, Department 
of Radiology, University Hospital Marburg) and (B,C) B-mode ultrasound. (C) An ultrasound-
guided 18G core needle biopsy of the lung lesion was performed, and histopathological examination 
confirmed the diagnosis of metastatic pancreatic carcinoma. On contrast-enhanced ultrasound, the 
lesion demonstrated (D)an enhancement simultaneous with the arrival of the contrast agent in the 
intercostal artery (arrows), and a marked and homogeneous pattern of enhancement with (E,F) an 
early decrease of enhancement. (G) The tissue sample (HE staining) showed the infiltrates of a duc-
tal adenocarcinoma consistent with a metastasis of the previously known pancreatic carcinoma. (H) 
immunohistochemical staining with CD34 was performed, revealing a chaotic pattern consistent 
with bronchial-arterial neoangiogenesis (×100). 
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was performed. A chaotic vascular pattern indicative of a bronchial arterial blood supply 
was identified in all cases (45/45, 100%, Figures 2 and 3). In 7/45 (15.5%) samples, an orga-
nized vascularization along the alveoli, consistent with a pulmonary arterial supply pat-
tern, was also observed. In four cases with a PA perfusion pattern of enhancement in 
CEUS, 2/4 lesions (50%) exhibited both organized PA vascularization and chaotic BA vas-
cularization, while in the remaining 2/4 lesions (50%), only chaotic BA vascularization was 

Figure 3. An 84-year-old male patient with known pancreatic carcinoma and a pulmonary nodule
on the (A) computed tomography (arrow) (courtesy of Prof. Dr. Andreas H. Mahnken, Department
of Radiology, University Hospital Marburg) and (B,C) B-mode ultrasound. (C) An ultrasound-
guided 18G core needle biopsy of the lung lesion was performed, and histopathological examination
confirmed the diagnosis of metastatic pancreatic carcinoma. On contrast-enhanced ultrasound, the
lesion demonstrated (D) an enhancement simultaneous with the arrival of the contrast agent in
the intercostal artery (arrows), and a marked and homogeneous pattern of enhancement with (E,F)
an early decrease of enhancement. (G) The tissue sample (HE staining) showed the infiltrates of a
ductal adenocarcinoma consistent with a metastasis of the previously known pancreatic carcinoma.
(H) immunohistochemical staining with CD34 was performed, revealing a chaotic pattern consistent
with bronchial-arterial neoangiogenesis (×100).

3.3. Histopathological Data and Their Correlation with Contrast-Enhanced Ultrasound Pattern

In 45 cases (83.3%), immunohistochemical staining with CD34 endothelial staining
was performed. A chaotic vascular pattern indicative of a bronchial arterial blood supply
was identified in all cases (45/45, 100%, Figures 2 and 3). In 7/45 (15.5%) samples, an
organized vascularization along the alveoli, consistent with a pulmonary arterial supply
pattern, was also observed. In four cases with a PA perfusion pattern of enhancement in
CEUS, 2/4 lesions (50%) exhibited both organized PA vascularization and chaotic BA vas-
cularization, while in the remaining 2/4 lesions (50%), only chaotic BA vascularization was
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observed (Figure 3). Table 2 presents the histopathological findings with the corresponding
CEUS patterns.

Table 2. Histopathological correlation with CEUS patterns.

No. of Cases Vascular Pattern in CD34 Corresponding Perfusion Pattern on CEUS

41 BA vascular pattern BA Perfusion

2 BA vascular pattern PA Perfusion

2 BA and PA vascular pattern PA Perfusion
BA: bronchial arterial; CEUS: contrast-enhanced ultrasound; PA: pulmonary arterial.

4. Discussion

The lung has a dual blood supply [40–43]. The pulmonary arterial supply originates
from the right ventricle and extends to the alveolar capillaries, where oxygenation occurs.
The bronchial arteries, originating from the aorta, perfuse the entire lung parenchyma (vasa
privata) [44,45]. The nutritive supply of a lung lesion can be provided by either the right
(pulmonary arterial) or left (bronchial arterial) heart system [33,44,45]. In healthy lung tissue
or acute inflammatory processes, where the lung architecture is still intact, the pulmonary
arterial supply is the dominant vascularization [30,34,46]. In contrast, in chronic processes,
such as bronchial carcinomas, granulomatous lesions, and organized pneumonias, the
lung architecture is destroyed, and neoangiogenesis occurs through bronchial arterial
branches, making the bronchial artery the dominant vascularization [39,44,45,47,48]. Basic
studies show that a distinction can be made between the pulmonary arterial supply and
the bronchial arterial supply of a peripheral lung lesion in CEUS [30,34,39,46]. In the case
of a pulmonary arterial supply, the strictly intravascular contrast agent in CEUS reaches
the pulmonary lesions before all other organs with systemic vascularization through the
left ventricle (e.g., thoracic wall, spleen, liver) [33]. In the case of a bronchial arterial supply,
the contrast agent in CEUS reaches the pulmonary lesions simultaneously with all other
organs, with systemic vascularization through the left ventricle (e.g., thoracic wall, spleen,
and liver) [33].

Pulmonary metastases, as lesions with neoangiogenesis, predominantly showed
bronchial arterial enhancement in 92.6% of cases. In all lesions with immunohistochemical
endothelial CD34 staining, a chaotic vascularization, consistent with bronchial arterial
vascularization, was detected. Among the four lesions with PA enhancement, two cases
showed a mixed pattern of chaotic BA supply and organized PA supply in CD34 staining,
while the other two cases showed only a chaotic BA arterial supply. The reason for this
discrepancy (bronchial arterial pattern in immunohistochemical CD34 staining and PA
arterial enhancement in CEUS) might be the presence of tiny shunts between the pulmonary
arterial and bronchial arterial vessels that may not be visible in small needle biopsy samples.
It is well known that numerous pre- and post-capillary anastomoses develop, particularly
under hypoxic conditions [49]. A PA enhancement can mask a BA enhancement on CEUS
because the PA perfusion occurs earlier than the BA perfusion. These findings are impor-
tant, as they demonstrate one of the limitations of contrast-enhanced ultrasound in the
detection of chronic processes and show that PA arterial enhancement does not exclude BA
neoangiogenesis as the vascularization pattern of pulmonary metastases.

Regarding the EE and HE, the lesions exhibited a heterogeneous pattern of perfusion.
In 51.9% of cases, homogeneous enhancement was observed, while in 48.1%, inhomo-
geneous enhancement was noted. Furthermore, 68.5% showed marked EE, while 31.5%
exhibited reduced enhancement. Inhomogeneous enhancement correlates to avascular
areas within the tumor, and EE indicates the strength of vascularization of the lesions. These
features vary depending on the tumor size and type, differing among various tumors [50].

Regarding the DE, 98.1% of lesions showed a rapid decrease in enhancement (<120 s).
These findings are consistent with previous studies. Caremani et al. demonstrated that
the presence of late DE is a sign of benign pulmonary lesions [34]. This may be due to
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the abnormal vessels and arteriovenous shunts that can be seen in the vascular networks
generated by neoangiogenesis [51]. Only one renal cell carcinoma (RCC) metastasis showed
a late washout. RCC is a highly vascularized malignant tumor characterized by extensive
angiogenesis. The reason for the delayed washout may be the retention of the contrast agent
within the lesion due to its extensive vascularization, which can mask the washout [52].

The results of this study indicate that pulmonary metastases predominantly show
bronchial artery enhancement with rapid washout, and the perfusion of these lesions
is consistent with primary bronchial carcinomas and other chronic processes, such as
granulomatous lesions and organized pneumonia (Table 3). However, it demonstrates
that the behavior of pulmonary metastases is in discrepancy with pulmonary hematologic
lesions, acute pneumonia, or atelectasis, which predominantly show pulmonary artery
perfusion with delayed washout. Table 3 presents the perfusion patterns of pulmonary
metastases compared to other pulmonary lesions in CEUS.

Table 3. CEUS perfusion patterns of pulmonary metastases in contrast to other lung pathologies.

Underlying
Disease

Pulmonary
Metastases

Central
Lung Cancer

Peripheral
Lung Cancer

Lung
Lymphoma

Obstructive
Atelectasis

Acute
Pneumonia

Granulomatous
Disease

Organized
Pneumonia

Author Present
study

Safai Zadeh
et al. [53]

Findeisen
et al. [54]

Trenker et al.
[55]

Safai Zadeh
et al. [53]

Linde et al.
[31]

Safai Zadeh
et al. [39]

Safai Zadeh
et al. [39]

No. of cases 54 48 89 6 54 50 10 38

Year 2024 2024 2019 2018 2024 2012 2021 2021

Pattern of enhancement on CEUS

TE: PA
BA

7.4%
92.6%

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

68.5%
31.5%

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

51.86%
48.14%

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

98.1%
1.9%

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.

The findings of this study could be significant in specific clinical situations, for example,
for differentiating between acute pneumonia and metastasis in the appropriate clinical
context. Another important point is that a pulmonary artery perfusion does not exclude
pulmonary metastasis, and this limitation of CEUS must always be considered. However,
a bronchial artery perfusion with rapid washout in lung lesions should be seen as an
indication of pulmonary metastasis in patients with an underlying malignant disease. In
the absence of an underlying malignant disease, bronchial arterial perfusion is an indication
of the presence of a chronic process.

There are some limitations to mention, apart from the retrospective nature of the study.
Ten patients in the presented cohort had pulmonary metastasized non-small cell lung
carcinoma. Ultimately, it cannot be ruled out with absolute certainty that the initial primary
and not the synchronous metastasis was punctured. Furthermore, a certain differentiation
between a metastasis and a secondary lung cancer is not possible. The same applies to
some squamous cell carcinomas. Naturally, a primary secondary carcinoma can always
be present in these cases. Thoracic ultrasound is subject to natural limitations, meaning
that it cannot image the entire surface of the lungs and requires a high level of examination
expertise. Consequently, interobserver and interequipment variability must be assumed.

5. Conclusions

Pulmonary metastases in CEUS predominantly reveal bronchial arterial enhancement
and a rapid washout. Regarding EE and HE, pulmonary metastases show heterogeneous
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perfusion patterns. These findings are consistent with primary bronchial carcinomas but are
in discrepancy with hematologic lung lesions such as pulmonary lymphoma. These results
show that, even within neoplastic lesions, different perfusion patterns can be observed
among various subgroups. Furthermore, histopathological correlation demonstrated that
PA enhancement does not exclude BA neoangiogenesis in pulmonary metastases. This
limitation of CEUS in evaluating lung lesions must always be taken into account.
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