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Anterior mediastinal tumors are common in clinical settings. Common lesions include 
inflammatory vs. neoplastic lesions, benign vs. malignant lesions, and primary vs.  
metastatic lesions. Among these, lymphomas are medically treatable, thymomas are 

surgically treatable, and metastatic carcinomas are nonresectable (1). Primary mediastinal 
tumors represent only about 3% of the tumors within the chest wall. Metastatic carcinoma 
and non-Hodgkin’s lymphoma are among common anterior mediastinal tumors. The rates 
of nonsurgical tumors such as lymphoma are higher than the rates of surgical diseases such 
as thymomas (2). Some anterior mediastinal tumors such as nonseminomatous germ cell 
tumors, thymic carcinomas, seminomas, lymphomas, and thymomas are quite similar in 
medical imaging appearance, but are quite different in treatment strategy; early and precise 
histopathologic diagnosis of anterior mediastinal lesions is essential for correct therapeutic 
decision, and remains an interesting diagnostic challenge (3).

Several biopsy techniques and approaches have been previously described and are 
available to obtain specimens of anterior mediastinal lesions, including percutaneous im-
age-guided core needle biopsy, parasternal anterior mediastinotomy, endoscopic ultraso-
nography (US)-guided biopsy, video-assisted thoracoscopic surgery, cervical mediastinos-
copy, and open surgical procedures (1). Most of those procedures require intubation and 
general anesthesia. Open biopsy is associated with morbidity, chance of pleural dissemina-
tion, and poor long-term results. For these reasons, surgically strategies are not suitable for 
anterior mediastinum lesions (4).

In general, US-guided percutaneous core needle biopsy is the first diagnostic choice 
because it is a minimally invasive, safe, and cost-effective procedure. US guidance can 
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PURPOSE 
We aimed to explore the value of contrast-enhanced ultrasonography (CEUS) in guidance of per-
cutaneous biopsy of anterior mediastinal lesions. 

METHODS
Ninety patients with solitary anterior mediastinal lesions (55 males, 35 females; mean age, 46±4 
years) were included. Patients were randomly divided into CEUS group (n=45) and conventional 
ultrasonography (US) group (n=45). Real-time US-guided core needle (16 G) percutaneous biop-
sies were performed in all lesions. The display of internal mammary arteries, internal necrosis, 
and active areas were recorded and compared. Biopsy success rate and diagnostic accuracy were 
compared between the two groups. 

RESULTS
Display rate of unenhanced internal necrosis was higher in the CEUS group than in the US group 
(88.9% vs. 46.7%, P = 0.041). With real-time CEUS guidance, internal mammary arteries were ef-
fectively displayed and avoided during biopsies in 68.9% of the lesions (31/45). Of the lesions, 
88.9% (80/90) were histologically proven, including 13 benign lesions and 67 malignancies. 
There was a significant difference in the rate of successful puncture attempts between the two 
groups (P = 0.041). CEUS group had a higher biopsy success rate (100% vs. 95.5%, P = 0.045) and 
higher diagnostic accuracy (97.8% vs. 82.2%, P = 0.035) compared with the US group (P = 0.035). 

CONCLUSION
CEUS guidance is a promising technique in depicting internal necrotic areas, viable areas, and 
internal mammary arteries during percutaneous biopsy of anterior mediastinal lesion, with sat-
isfying safety, accuracy, and success rates.
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be performed under local anesthesia, pro-
viding sufficient tissue for histopathologic 
diagnosis (4). Anterior mediastinal lesions 
are clinically approachable under US guid-
ance. US scan permits reliable identifica-
tion of major vessels that should be avoid-
ed during the biopsy, the needle tip can 
be clearly visualized, and the needle can 
be advanced precisely within the lesion, 
allowing real-time imaging guidance and 
a quicker procedure (5). Previous studies 
found high diagnostic success rates for 
US-guided biopsies sized 1.5–10 cm (71% 
to 100%) (6–8).

Since rapid growth of locally advanced 
tumor always leads to a necrotic center, 
false-negative biopsy results were occa-
sionally encountered in clinical experience 
(9). It is known that the failure of diagnosis  
is mainly due to presence of necrotic tissue, 
insufficient tissue sample or sampling error. 
However, it is difficult to accurately identify 
necrosis within the lesion by conventional 
gray scale and color Doppler US. Previously, 
this problem has been avoided by perform-
ing multiple biopsies from the center of the 
lesion to the edge, having a cytopathologist 
present during biopsy, or performing re-
peated biopsies. However, the occurrence 
rate of complications may be increased 
with those methods (9, 10).

The key to improve the diagnostic ac-
curacy of core needle biopsy is to iden-
tify tumor tissues and necrotic tissues, 
and to obtain adequate representative 
specimens (11). Contrast-enhanced ultra-
sonography (CEUS) provides information 
on microvascularity and blood flow in 
normal and pathologic tissues (12–14). 
A CEUS-guided intervention can be per-
formed in almost the same way as rou-
tine US-guided procedure. Tumor tissue, 
identified by the presence of vascularity, 
can be reliably visualized under CEUS. 
CEUS-guided biopsy increases the diag-

nostic rate by 10% and decreases the false 
negative rate, particularly in large tumors 
with areas of necrosis (10, 12, 15). 

The purpose of our current study was to 
explore the clinical application of CEUS in 
guidance of biopsy of anterior mediastinal 
lesions and to determine whether CEUS be-
fore biopsy could improve the diagnostic 
efficacy of core needle biopsy.

Methods
Patients

This study was approved by the Ethics 
Committee of our institution. Written in-
formed consent was obtained from each 
patient before CEUS and biopsy procedures. 
Between April 2012 and March 2015, 90 
consecutive patients (35 women, 55 men; 
mean age, 46±4 years) with solitary anteri-
or mediastinal lesions were included in our 
study. Out of 90 patients, 56 presented with 
clinical features such as chest pain, cough, 
dyspnea, weight loss, and hoarseness of 
voice. Anterior mediastinal lesions were de-
tected on routine physical examination in 
the remaining 34 patients.

The inclusion criteria were as follows: pa-
tients referred to our hospital for US-guided 
percutaneous biopsy of anterior mediasti-
num lesions; solitary lesions detected on con-
trast-enhanced chest CT within one month; 
lesions larger than 2.5 cm in diameter that are 
accessible via a percutaneous approach with 
conventional US. Exclusion criteria were a 
contraindication to core needle biopsy (inter-
national normalized ratio >1.7, prothrombin 
activity <40%, or platelet count <40 000/mL, 
bleeding tendency), or a contraindication 
to the ultrasound contrast agent SonoVue® 
(Bracco Imaging Spa) (e.g., severe allergic re-
actions or cardiopulmonary dysfunction).

All patients were randomized into two 
groups: those who underwent CEUS-guid-
ed biopsy (CEUS group, n=45) and those 
who underwent conventional US guidance 
(US group, n=45).

Ultrasonography examination 
With reference to the contrast-enhanced 

chest CT, conventional US scanning was 
performed in all lesions to detect the lesion, 
to observe the lesion’s location, size, and so-
nographic features. Patients were examined 
in the supine position with their arms lifted 
above the head to expand the intercostal 
spaces. We observed from the intercostal 
approach, and chose the optimal acoustic 
window for further biopsy route or CEUS 
examination (CEUS group). 

In the US group, color Doppler flow scans 
were used to detect the large vessels within 
lesions, to avoid injuries during biopsy. The 
pulse repetition frequency and wall filters 
were adjusted to enable a better display of 
intralesion vessels and to avoid “blooming” 
artifacts. In the US group, “internal necrosis” 
was defined as an anechoic area without 
blood flow signal and “active area” were 
defined as echoic areas with relatively rich 
blood flow signal.

Each CEUS examination was performed 
after a quick bolus injection of 2.4 mL Son-
oVue® via a 20 G intravenous catheter in 
the cubital vein. The enhancement patterns 
(homogeneous or inhomogeneous), inter-
nal necrosis or active areas were recorded. 
Active areas were defined as the most obvi-
ously enhanced regions of lesions. Necrosis 
was defined as anechoic regions without 
enhancement. For the anterior mediastinal 
lesions extending to the parasternal region, 
the display rate of internal mammary artery 
was also recorded.

Conventional US, CEUS and further 
US-guided biopsy procedures were con-
ducted by a HD15 unit (Philips Medical) 
equipped with a C5-2 broadband curved 
transducer. All US examinations were per-
formed by a physician of 10 years of ex-
perience in CEUS examination. The clips 
were recorded, stored, and reviewed by 
two readers, who reached a consensus with 
emphasis on the presence of necrotic and 
active areas. The display rate of internal ne-
crosis, active areas, and internal mammary 
arteries were recorded and compared be-
tween the two groups.

Core needle biopsy procedure
Core needle biopsies of anterior medias-

tinum lesions were performed after opti-
mal biopsy routes and sampling sites were 
selected, which included the active area, 
avoiding internal necrosis and large vessels.

Skin was sterilized, local anesthetic (2% 
lidocaine) was applied, and biopsy was per-
formed under US guidance, using 16 G core 
tissue biopsy needle and Bard® Magnum® 
biopsy instrument (Bard Peripheral Vascu-
lar Inc.). The needle was advanced into the 
target area under real-time US guidance, 
while patients were instructed to suspend 
respiration.

For each patient, two 15 mm long core 
specimens were obtained. The specimen 
was placed on a small piece of filter paper 
before being immersed in 10% formalin 

Main points

• Real-time CEUS guidance can effectively 
differentiate necrosis and viable tumor 
areas during core needle biopsy of anterior 
mediastinal lesions. 

• Real-time CEUS guidance can effectively 
depict and avoid internal mammary arteries 
during core needle biopsy of anterior 
mediastinal lesions.

• CEUS can help to guarantee the safety, 
accuracy, and success of core needle biopsy.



and was checked by the operator to evalu-
ate whether the specimen was adequate or 
the biopsy was successful. The specimens 
were later sent for histologic examination. 

After the biopsy procedure, patients 
were closely monitored for 3–4 hours. US 
examinations were performed to evaluate 
whether any complications such as local-
ized hematoma or pneumothorax devel-
oped.

 
Histologic examination

All histopathologic slides were reviewed 
by a pathologist of 10 years of experience, 
who was blinded to US and CT findings. The 
final histopathologic diagnosis was based 
on hematoxylin-eosin stained sections and 
immunohistochemical staining results.

Final diagnosis
The patients were clinically followed up 

for six months. Diagnosis was considered 
true-positive if histologic result of the bi-
opsy specimen held true in subsequent 
analysis. Malignancies were confirmed 
by surgical specimens or re-biopsy spec-
imens from remote areas obtained later. 
Benign diagnoses were considered to be 
true-positive if chest CT scans during six 
months of follow-up showed disappear-
ance or shrinkage of the lesion after cer-
tain treatment. 

False-negative diagnoses were defined as 
biopsy specimens that were deemed nega-
tive for malignancy on histology, while sub-
sequent histologic examination by surgery 
or re-biopsy confirmed malignancy; inade-
quate biopsy specimens; or no definite be-
nign diagnosis such as chronic inflamma-
tion and necrosis. The diagnostic accuracy 
of biopsy was defined as the percentage of 
lesions that had true-positive results at the 
initial histologic biopsy.

Statistical analysis
All data were expressed as mean±stan-

dard deviation. The difference in diagnostic 
accuracy between the two groups was an-
alyzed by using the independent samples 
t test. Inter-reader agreement between 
the two observers was compared by Kap-
pa test. All statistical analyses in our study 
were performed with SPSS 18.0 software 
package (SPSS Inc.). P < 0.05 was consid-
ered statistically significant.

Results
There was no statistically significant dif-

ference in patients’ ages, male to female ra-
tio, size of lesion, or malignant to benign ra-
tio (according to final diagnoses) between 
the US and CEUS groups (Table 1).

All 90 anterior mediastinal lesions were 
inhomogeneous hypoechoic on gray-scale 
US. Color flow imaging detected branched 
intralesion vessels in 78.9% of the lesions 
(71/90); the mean value of resistive index in 
Doppler spectrum was 0.47±0.23. Internal 
necrosis defined as an anechoic area with-
out blood flow signal was found in 21 pa-
tients in the US group (46.7%).

CEUS examinations were successfully per-
formed in all 45 patients in the CEUS group, 
and no adverse reaction of SonoVue® was 
observed. After injection of contrast agents, 
all 45 anterior mediastinal lesions showed 
inhomogeneous hyperenhancement. Un-
enhanced internal necrosis was clearly dis-
played in 88.9% of the lesions (40/45), at a 
significantly higher rate than that in the US 
group (88.9% vs. 46.7%, P = 0.041) (Fig. 1). 

With reference to the chest CT scan re-
sults, we paid special attention to the in-
ternal mammary artery. During the early 
arterial phase of CEUS enhancement (5–10 
s after injection of contrast agents), re-
al-time CEUS showed rapid and obviously 
hyperenhanced internal mammary artery 
in 68.9% of patients in the CEUS group 
(Fig. 2a, 2b), which were effectively avoided 
during further biopsy (Fig. 2c). In all cases, 
good inter-reader agreement (κ=0.785) was 
achieved in interpretation of the CEUS clips. 

In the US group, percutaneous biopsies 
with 16 G core needles were successfully 
performed in 43 of 45 anterior mediastinal 
lesions. In two cases, the core needle biopsy 
specimen was not adequate for histologic 
evaluation. 
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Table 1. Baseline characteristics of patients included in our study 

  US group (n=45) CEUS group (n=45) P 

Age (year), mean±SD 37±21 (18–72) 39±18 (14–74) 0.415

Male/female, n 27/18 32/13 0.792

Size of lesion (mm), mean±SD 67.7±27.6 (41–153) 80.4±23.9 (38–143) 0.571

Final diagnoses, n   

 Malignant 40 37 

 Benign 5 8 

 Malignant/benign ratio 40/5 37/8 0.168

US, conventional ultrasonography; CEUS, contrast-enhanced ultrasonography; SD, standard deviation.

Figure 1. a–c. Contrast-enhanced ultrasonography (CEUS) showed necrosis before percutaneous biopsy of anterior mediastinum lesion in a 46-year male. 
Gray-scale ultrasonography (US) detected a heterogeneous hypoechoic anterior mediastinum lesion, no necrotic area was shown with conventional US 
(a). The lesion showed rapid and heterogeneous hyperenhancement in the arterial phase (20 s after SonoVue injection), a large and irregular necrotic area 
(arrow) was displayed inside (b). After CEUS, 16 G coarse needle percutaneous biopsy (arrow) was performed successfully in the active areas of the lesion (c).

a b c
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In the CEUS group, we arranged the safe 
biopsy routes targeting the obviously hype-
renhanced active areas of the lesions. Also, 
we avoided internal mammary artery and 
large vessels during CEUS-guided biopsy. 
In anterior mediastinal lesions with unen-
hanced necrotic areas, biopsies were per-

formed avoiding the necrosis. Biopsy with 
CEUS guidance was 100% successful in the 
active areas of all 45 anterior mediastinal 
lesions. 

A significant difference between the 
CEUS group and the US group was found 
in the rate of successful puncture attempts 

(Table 2). None of the patients had adverse 
reactions or biopsy complications.

Histologic diagnoses were achieved in 80 
of all 90 anterior mediastinal lesions, includ-
ing 13 benign lesions and 67 malignancies 
(Table 3).

In the CEUS group, the initial biopsy led 
to a correct diagnosis in 43 of 45 lesions 
(95.5%). There were two false-negative di-
agnoses including one tuberculous granu-
loma and one thymoma, which had no defi-
nite benign diagnosis.

In the US group, the initial biopsy led to a 
correct diagnosis in 37 of 45 lesions (82.2%). 
False-negative diagnoses were obtained in 
four patients because of necrosis of the biop-
sy specimen; in three patients because of in-
adequate specimen; in one patient because 
of no definite benign diagnosis (thymoma).

Diagnostic accuracy was significantly 
different between the CEUS and the US 
groups (P = 0.035). No false-positive diag-
nosis occurred in this study (Fig. 3).

Discussion
Real-time CEUS guidance is an updated 

effective technology to be used during core 
needle biopsy of anterior mediastinal le-
sions. In this study, we found that successful 
puncture attempts, biopsy success and di-
agnostic accuracy were significantly higher 
with CEUS guidance than with convention-
al US guidance. 

Containing various important anatomic 
structures, anterior mediastinum is an ex-
tremely important and complex part of the 
thorax. With increasing frequency of both 
benign and malignant lesions, a precise 
histologic diagnosis plays an important role 
in determining the appropriate treatment 
clinically (16). 

Figure 2. a–c. CEUS depicted internal mammary artery before percutaneous biopsy of an anterior mediastinum lesion in a 35-year male. Gray-scale US 
detected a homogenous hypoechoic anterior mediastinum lesion, internal mammary artery (arrow) was suspected in the peripheral part of the lesion (a). 
After injection of SonoVue®, the internal mammary artery was rapidly and obviously enhanced (arrow). The enhancement began approximately at 11 s (b). 
After CEUS, 16 G coarse needle percutaneous biopsy was performed successfully in the active areas of the lesion (arrow). The internal mammary artery was 
avoided during the real-time US guidance (c). 

a b c

Figure 3. Flowchart shows algorithm for final diagnosis of 90 anterior mediastinum lesions.
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Previously, conventional US was an effec-
tive modality for real-time guidance of core 
needle biopsy (11). With the real-time moni-
toring of US, the tip of biopsy needle can be 
monitored throughout the procedure, the 
depth of penetration can be determined, and 
the biopsy route can be adjusted to avoid 
puncturing the heart or any of the great ves-
sels (5). Compared with CT, US-guided biop-
sy offers a number of advantages, including 
lower cost, bedside capabilities, lack of radi-
ation exposure, time savings, and real-time 
monitoring (17). Also, free-hand US-guidance 
is more flexible during the biopsy of anterior 
mediastinum lesions, as it can approach the 
lesion from any direction, and biopsy can be 
performed in respiration phase, which ren-
ders the lesion most accessible (12).

As the blood supply of tumor vasculature 
cannot meet the need of fast tumor growth, 
necrosis can be easily found in malignant 
lesions (4), which should be avoided during 
biopsy on the assumption that they repre-
sent zones of nonvital tissue. With conven-
tional gray-scale US, the internal necrosis 
was defined as anechoic areas without col-
or flow signal. As the judgment of gray-scale 
echogenicity is operator-dependent and 
color Doppler flow scanning has various ar-
tifacts caused by breathing and heartbeat, 
necrotic areas can be missed. In clinical 
practice, a small percentage of specimens 
were inadequate for diagnosis because of 
their inner necrosis. False-negative diagno-
ses were obtained in four patients (8.9%) in 
the US group because of necrosis of the bi-

opsy specimen, and in three patients (6.7%) 
because of inadequate specimen. 

Recently, several investigators showed 
that CEUS allowed clinicians to differenti-
ate necrosis from active tumor tissue with 
great confidence (11, 18, 19). CEUS-guided 
biopsy can be performed in the same way 
as conventional US-guided procedure (12, 
20, 21). In our present study, CEUS could 
delineate lesion necrosis as unenhanced 
regions in 88.9% of lesions, which was sig-
nificantly higher than the rate of necrosis 
detected in the US group (46.7%). We bi-
opsied from hyperenhanced active areas, 
where sampling specimens were thought 
to be more reliable for histologic diagno-
sis. With CEUS guidance, biopsy was 100% 
successful in the active areas and 95.5% of 
patients in the CEUS group had sufficient 
specimens for histologic diagnoses. Com-
pared with the conventional US group, 
CEUS could accurately distinguish necrosis 
and active areas in the anterior mediasti-
num lesion, significantly improve the diag-
nostic accuracy of initial biopsy, and avoid 
multiple biopsies.

For parasternal anterior mediastinal le-
sions, the internal mammary artery should 
be identified and avoided during biopsy. 
For larger anterior mediastinal lesions, the 
pulmonary artery, aorta and superior vena 
cava should also be identified and avoided 
(22, 23). In our practice, we paid special at-
tention to the internal mammary artery dis-
played on chest CT. During the early arte-
rial phase of CEUS enhancement, real time 
CEUS could distinctively and dynamically 
detect internal mammary artery in 68.9% 
of patients in the CEUS group, which was 
effectively avoided during further biopsy. 
Also during the arterial phase of hyperen-
hancement, real-time CEUS may be conve-
nient and sensitive to detect vasculariza-
tion and large vessels inside the anterior 
mediastinal lesions, which can be avoided 
during the following biopsy. In this way, 
severe complications such as bleeding and 
pneumothorax can be avoided by choosing 
the safe biopsy route, advancing the needle 
to a safe depth, and fine adjusting needle 
tip flexibly during real-time US guidance.

Our current study has several limitations. 
First, CEUS is highly operator-dependent. 
Second, as the numbers of patients en-
rolled in our study were limited, benign an-
terior mediastinal lesions were detected in 
only 14.4% of the patients.

In conclusion, real-time CEUS guidance 
can effectively depict internal mammary 
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Table 2. Comparison of biopsy success rate between US and CEUS groups 

  US group (n=45) CEUS group (n=45) P 

Internal necrosis   

 Number, n (%) 21 (46.7) 40 (88.9) 0.041

 Size (mm)* 17.1±14.9 29.6±17.3 0.039

Display of large vessels, n (%) 15 (33.3) 37 (82.2) 0.030

Display of internal mammary arteries, n (%) 2 (4.4) 31 (68.9) 0.021

Number of puncture attempts* 2.65±0.45 2.02±0.05 0.041

Biopsy success, n (%)  43 (95.5) 45 (100)  0.045

US, conventional ultrasonography; CEUS, contrast-enhanced ultrasonography.
*Data are presented as mean±standard deviation.

Table 3. Histologic diagnoses of biopsies in US and CEUS groups 

  US group  CEUS group 
  (n=37 lesions) (n=43 lesions)

Malignant 34 37

Malignant thymoma 5 8

Lymphoma  4 7

Sarcomas 4 5

Seminoma 5 7

Squamous cell carcinomas 2 1

Adenocarcinoma 3 1

Metastatic carcinoma 4 5

Germ cell tumor 1 1

Carcinoid tumor 2 2

Neuroendocrine carcinoma 4 3

Benign 3 6

Tuberculous granuloma 1 1

Thymoma 2 4

Solitary fibrous tumor 0 1

US, conventional ultrasonography; CEUS, contrast-enhanced ultrasonography.



48 • January–February 2017 • Diagnostic and Interventional Radiology Yi et al.

arteries, internal necrosis, and viable areas 
within tumors during core needle biopsy of 
anterior mediastinal lesions. CEUS can be of 
help in guaranteeing safety, accuracy, and 
success of core needle biopsy.
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