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Abstract: Objectives: This study aimed to evaluate the diagnostic accuracy and complication rates of contrast-
enhanced ultrasound (CEUS)-guided biopsy of small subpleural nodules with SonoVue. Methods: CEUS-guided bi-
opsies with SonoVue and conventional ultrasound were performed to determine nodule size, texture and biopsy 
route. After baseline ultrasonography, all patients received an intravenous injection of 4 mL of SonoVue, followed 
by 5 mL of saline flush. CEUS was obtained using a convex probe and contrast-specific imaging software. The lesion 
was observed using a contrast agent. Biopsies were performed during real-time visualisation of the target lesion. 
Results: A total of 51 patients (34 males and 17 females; average age, 54.8 ± 5.8 years) with subpleural nodules 
were enrolled. The median nodule size was 1.92 ± 0.75 cm (0.9-2.5 cm). Forty-eight of 51 procedures (94.1%) pro-
vided adequate material for histological analysis. Thirty patients (62.5%) were malignant and 18 patients (37.5%) 
were benign at the definitive diagnosis. The true positive and true negative result were 28 (58.3%) and 18 (37.5%), 
no false positive result was seen and two (4.2%) provided a false negative result. The sensitivity, specificity, positive 
and negative predictive values for the malignant diagnosis were 93.3, 100, 100 and 90%, respectively. The diag-
nostic accuracy was 95.8% (46/48), the standard error and the 95% CI were 2.8% and 86%-99%. An asymptomatic 
pneumothorax was present in one patient with no chest tube placement required. A small amount of hemoptysis 
was observed in another patient, which stopped spontaneously without treatment. Conclusions: CEUS-guided bi-
opsy with SonoVue exhibits high diagnostic accuracy and low complication rates. It is especially advantageous for 
biopsies of small subpleural nodules.
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Introduction

Small subpleural nodules (less than 2.5 cm) 
are common in physicians’ practices. However, 
the aetiology and diagnostic approach for these 
nodules are highly difficult. Definitive diagnosis 
relies on histological proof obtained via nodule 
biopsy. For subpleural nodules, CT-guided per-
cutaneous transthoracic biopsy is a well-estab-
lished technique of acquiring sufficient tissue 
for histopathological diagnosis [1, 2]. However, 
biopsies of small subpleural nodules have been 
reported to be technically difficult and associ-
ated with a higher risk of pneumothorax [3] if 
the nodules are located in the lower lobes, 
where nodules are subjected to major respira-

tory movements and/or the needle tract is 
obstructed by overlying bony structures [1].

Thoracic ultrasound (US) is a non-invasive and 
portable diagnostic tool with important applica-
tion for pulmonary specialists. US is suited to 
visualise nodules arising from the chest wall 
and peripheral lung nodules abutting the chest 
wall or adjacent to the pleural surface [4, 5]. 
US-guided biopsy is effective and offers many 
advantages, such as real-time monitoring th- 
roughout the procedure; it can even be per-
formed in general wards [5-8]. Despite being a 
validated and well-established imaging modali-
ty, US-guided biopsy is still not utilised to its full 
potential by pulmonary specialists. Contrast 
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materials, such as SonoVue (Bracco SpA, Milan, 
Italy), a sulphur hexafluoride-filled microbubble 
contrast agent, have been recently used to 
expand the diagnostic yield of peripheral lung 
and mediastinal lesions and avoid puncture in 
necrotic areas [9-13]. However, no reports have 
been made to determine the utility of contrast-
enhanced ultrasound (CEUS) with SonoVue in 
small subpleural nodules. This paper presents 
the experiences in the utility of CEUS-guided 
biopsy with SonoVue as an effective procedure 
for the diagnosis of small subpleural nodules.

Materials and methods

Patients

The study design and protocol were approved 
by the Ethics Committee of the First Affiliated 
Hospital of Guangzhou Medical University. 
Written informed consent for publication and 
use of accompanying images were obtained 
from each patient before the contrast-en- 
hanced sonography and biopsy procedures. 
From January 2011 to July 2013, a total of 51 
subpleural nodule biopsies were performed in 
51 consecutive patients. All patients had sub-
pleural nodules (less than 2.5 cm in diameter) 
adjacent to and/or abutting the pleura. In- 
formation on material adequacy and specific 
diagnosis were collected. Pre-interventional 
chest CT scans showed small subpleural nod-
ules, and the clinical data are shown in Table 1.

Sonographic procedures and analysis

US units offer 2D, motion-mode and colour flow 
Doppler scanning (Esaote Mylab 90, Italy). A 
low-frequency (2-5 MHz) or high-frequency 
probe (5-10 MHz) can be used alternately. 
Patients were in a prone, supine or lateral decu-
bitus position, depending on the location of the 

ler US was also used to detect the blood flow of 
great vessels.

After baseline ultrasonography, all patients 
received an intravenous injection of 4 mL of 
SonoVue, followed by 5 mL of saline flush. CEUS 
was obtained using a low-frequency or high-
frequency probe and contrast-specific imaging 
software. The lesion was observed for contrast 
agent uptake over 4 min after contrast agent 
administration. The following CEUS patterns of 
nodules were considered: extent of enhance-
ment during the arterial phase between 1 and 
30 s after injection; and extent of enhancement 
during the parenchymal phase between 1 and 
4 min after injection (hyperechoic, isoechoic, 
hypoechoic, echofree, or complex). The dynam-
ic image was recorded on the hard disk of the 
sonography machine. All US/CEUS were oper-
ated by a same experienced sonographer 
(Dazhi Zhou), patterns of enhancement were 
evaluated by two observers (Jinlin Wang and 
Dazhi Zhou). When disputes regarding the nod-
ules areas occurred, a consensus was reached 
by discussion.

Biopsy technique

The target lesion was identified with US/CEUS. 
Information from the CEUS was used to select 
the entry site, route, sampling site, direction for 
the biopsy and depth for the biopsy. Immediately 
after the completion of CEUS, biopsies were 
performed with an 18-gauge spring-loaded 
automated cutting needle (MC1816, Bard Max. 
Core, Bard. Inc. USA). Local anaesthetic with 
2% lidocaine was applied after planning and 
sterilising the skin. Under real-time visualisa-
tion, the cutting needle was inserted through 
the guiding channel and introduced into the 
margin of the target area. If the nodule was less 

Table 1. Demographic characteristics of the patients, nodules char-
acteristics
Parameter value
Number of patients 51
Sex (m/f) 34/17
Age [median, range (years)] 54.8 ± 5.8, (22-91)
Number of procedures 51
Nodules size [median, range (cm)] 1.92 ± 0.75, (0.9-2.5)
Nodules number [median, range] 1.46, (1-4)
Location distance from pleura [median, range (mm)] 1.11, (0-3)
Datas were number of patients unless otherwise stated, enumeration data were 
given as means ± standard deviation.

nodules. With the reference 
CT, conventional US was per-
formed using the splenic 
echotexture as an in vivo ref-
erence. The following param-
eters were evaluated: the 
number of the nodules (soli-
tary or multiple); maximal size 
of the nodules (in case of 
multiple nodules, the largest 
nodule was measured); and 
echotexture (hyperechoic, is- 
oechoic, hypoechoic, echo-
free, or complex). Then Dopp- 
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than 2 cm in diameter, the tip of the needle was 
placed at least 20 mm away from the posterior 
margin of the lung lesion interface. All biopsies 
were performed by a single experienced physi-
cian (Jinlin Wang).

At least four specimens were obtained from 
each patient, placed in 10% formaldehyde solu-
tion and brought to the pathology department 
for histological examination and immunohisto-
chemical studies. One specimen was immedi-
ately rolled on glass slides, and the other speci-
men was placed in a sterile tube and sent to be 
cultured for mycobacteria. All patients were 
examined with US immediately after the proce-
dure to determine if pneumothorax had devel-

oped. If suspected, a chest ray was obtained to 
verify that no pneumothorax was present. 
Otherwise, a routine follow-up chest X-ray was 
obtained within 24 h after the biopsies to 
assess any possible complications. Figures 1 
and 2 show the CT and US/CEUS images of 
biopsy procedures of small subpleural no- 
dules.

Data analysis

The definitive diagnosis of malignancy of the 
pulmonary nodules (true positive) was made by 
histopathological analysis of biopsy specimens, 
clinical follow up, and surgery, while benign 
diagnosis (true negative) was based on the fol-

Figure 1. Images of a 42-year-old man with dry 
cough for one month. A. Chest CT revealed a sub-
pleural nodule in the lower portion of the left lung 
(1.5 × 2.4 cm, arrowhead). B. US scan showed a 
subpleural nodule (arrowhead) with a low echo tex-
ture, the vessel of which is shown by colour flow 
Doppler scanning. C. CEUS with SonoVue showed 
enhancement of the nodule area (arrowhead). D. 
Real-time US-guided nodule biopsy (arrowhead) 
focused on the most vascularised area, avoiding 
avascular zones. E. Biopsy sample obtained from 
the subpleural nodule showed a tuberculoid nodule 
and caseous necrosis (H&E staining; magnification, 
× 100).
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lowing: (a) a benign histological diagnosis has 
been established with a precise etiology, (b) 
subsequent disappearance of the nodules or 
decrease in its size, or (c) follow-up chest radio-
graphs or CT scans showing that the lesion 
remained stable for at least 18 months. 
Patients with benign histology remained under 
surveillance for 18 months to minimise the risk 
of potential false-negative results.

The clinical features of the patients, character-
istics of the nodules, pathology reports of the 
biopsy specimens, results of the specimens’ 
cultured, definitive diagnosis and clinical out-
comes of the patients were recorded.

Statistical analysis

Statistical analysis was carried out using SPSS 
16.0 (IBM, Chicago, USA). Data were reported 
as number and percent for qualitative vari-
ables, enumeration data were given as means 
± standard deviation. Categorical variables 
were analyzed, standard error and 95% confi-
dence interval (CI) were calculated to demon-
strate the utility of this procedure.

Results

Characteristics of patients

This study consisted of 51 patients (34 men, 17 
women) with a mean age of 54.8 ± 5.8 years 
(age range, 22-91 years). Thirty-one patients 
had single subpleural nodule, whereas 17 
patients had multiple pulmonary nodules, in- 
cluding at least one subpleural lesion. The 
median size of the biopsy nodules was 1.92 ± 
0.75 cm (0.9-2.5 cm). The demographic data of 
the patients are summarised in Table 1.

Diagnostic accuracy

Forty-eight of 51 procedures (94.1%) provided 
adequate material for histological analysis. 
Thirty patients (62.5%) were malignant and 18 
patients (37.5%) were benign at the definitive 
diagnosis. Three of 51 procedures had non-
diagnostic or insufficient samples; two patients 
had benign clinical features on interval imaging 
with follow-up of 16 and 18 months, respec-
tively; while the other patient was conducted  
to biopsy by video-assisted thoracic surgery 
(VATS) and revealed a malignant diagnosis.

Figure 2. Images of a 56-year-old man with 
chest pain for two weeks. A. Chest CT re-
vealed a subpleural nodule in the middle lobe 
of the right lung (1.1 × 2.0 cm, arrowhead). 
B. Conventional US scan showed a subpleu-
ral nodule (red arrowhead) with a low echo 
texture; CEUS with SonoVue showed the en-
hanced area and necrotic area (yellow arrow-
head). C. Biopsy sample obtained from the 
subpleural nodule showed adenocarcinoma 
cells (H&E staining; magnification, × 100).
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Of 48 procedures, the true positive and true 
negative result were 28 (58.3%) and 18 (37.5%), 
no false positive result was seen and two (4.2%) 
provided a false negative result. Therefore, the 
sensitivity, specificity, positive and negative 
predictive values for the malignant diagnosis 
were 93.3, 100, 100 and 90%, respectively. 
The diagnostic accuracy was 95.8% (46/48), 
the standard error and the 95% CI were 2.8% 
and 86%-99% (Table 2). Of the two false nega-
tive patients, one patient in which biopsy yield a 
diagnosis of chronic inflammation turned out to 
be adenocarcinoma at examination of surgical 
sample, the other patient had initial benign 
result but had progressive disease clinically 
suggestive of mesothelioma and confirmed by 
biopsy at 9 months.

In 28 patients (58.3%), the histopathological 
results revealed malignant nodules (adenocar-
cinoma, n = 17; squamous cell carcinoma, n = 
4; metastases from an extrathoracic malignan-
cy, n = 3; small cell lung cancer, n = 2; mesothe-
lioma of pleura, n = 1; pulmonary lymphoma, n 
= 1). For these patients, fourteen patients 
underwent standard surgical treatment by VATS 
after clinical evaluation and all were confirmed 
based on the surgical samples (twelve adeno-
carcinoma and two squamous carcinoma). 
Twelve patients selected chemotherapy for ini-
tial treatment after clinical evaluation, and all 
responded to systemic treatment during follow-
up. Two patients suffered from a progressive 

disease after six months of support treatment 
(one was metastases from an extrathoracic 
malignancy and the other was pulmonary lym-
phoma at 91 years).

In 18 patients (37.5%), biopsy revealed specific 
benign diagnosis (tuberculosis, n = 7; organis-
ing pneumonia, n = 4; chronic inflammation, n = 
3; round atelectases, n = 2; pulmonary asper-
gillosis, n = 1; neurogenic tumour, n = 1). One 
patient (2.1%) had identifiable microorganisms 
(Streptococcus pneumoniae) in the subse-
quent analysis of the biopsy specimen culture. 
All the patients were treated based on the 
benign results, and monitored at a mean fol-
low-up period of 14 ± 3 months (range, 6-18 
months). In 17 patients, the lesions were found 
to regress during the follow-up period. By con-
trast, the lesion in one patient was found to be 
neurogenic tumour.

Complications

Among 51 patients, only one (2.0%) suffered 
from a slight pneumothorax, which was sus-
pected by US post biopsy and confirmed by 
chest radiography with no chest tube place-
ment required. A small amount of hemoptysis 
was observed one patient (2.0%), which sto- 
pped spontaneously without treatment. All 
patients experienced no significant pain or 
other respiratory impairment.

Discussion

Microbubbles, such as SonoVue used for CEUS, 
promise to expand the range of functional 
imaging, enable small subpleural nodule detec-
tion and provide spatial information to avoid 
necrotic areas for US-guided biopsy. SonoVue 
is composed of gas-filled microbubbles, which 
are smaller than red blood cells, which can cir-
culate freely in the capillaries without leaking 
out of the vessels; these microbubbles strongly 
increase the backscatter US signal and are 
used for the enhancement of blood echogenici-
ty for the assessment of blood flow in the vas-
culature [14, 15]. CEUS has gained a well-
established role in the detection and cha- 
racterisation of focal liver lesions [16]. In- 
vestigations also revealed that CEUS was ben-
eficial in confirming the diagnosis of pleurisy 
and peripheral lesions [9-13]. CEUS could help 
operators in conducting interventional proce-
dures to obtain satisfactory specimens and 

Table 2. The diagnostic accuracy of the proce-
dures performed with CEUS

Procedures performed 
with CEUS (n = 48)

False negative 2 (4.2%)
True negative 18 (37.5%)
True positive 28 (58.3%)
False positive 0
Sensitivity 93.3%
Specificity 100%
PPV 100%
NPV 90%
Diagnostic accuracy 95.8%
95% CI 86%-99%
Standard errors 2.8%
CEUS contrast-enhanced ultrasound, PPV positive predic-
tive value, NPV negative predictive value. Categorical 
variables were analyzed, standard error and 95% confi-
dence interval (CI) were calculated.
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avoid necrotic area and damage to adjacent 
organs with high confidence and accuracy for 
challenging target lesions. In the study of Cao 
BS et al. [9], they showed that the diagnostic 
accuracy of CEUS-guided lung biopsy was sta-
tistically significant, contrast to the non-CEUS 
group (93.6% vs. 78%). In addition, Gorg C et al. 
[12] further classified CEUS patterns into the 
parenchymal and reduced parenchymal enh- 
ancement subgroups.

In this study, real-time US-guided subpleural 
small nodule biopsies with SonoVue were found 
to have a high diagnostic accuracy (95.8%, 
46/48), which was greater than the yield 
described using CT-guided biopsies [1, 3], and 
specimens adequate for histological examina-
tion were obtained from 48 of the 51 lesions 
(94.1%). Peripheral small thoracic lesions are 
usually not assessable with fiberoptic bron-
choscopy, which has a low diagnostic yield even 
when guided by radial probe endobronchial 
ultrasonography [17] or electromagnetic navi-
gation bronchoscopy [18]. Real-time US-guided 
biopsy allows for dynamic evaluation of local-
ization and vessels which move during respira-
tion, the tip of the needle can be monitored 
throughout the procedure, and fine adjust-
ments can be made precisely and quickly. With 
SonoVue, small target lesions were more fre-
quently detected, this ability is especially ben-
eficial in biopsies of small nodules. In a study 
conducted by Wu et al. [19], CEUS before per-
cutaneous focal liver lesion biopsy improves 
the diagnostic accuracy from 87.5% to 95.3% 
by providing important intralesional informa-
tion and more accurate information about the 
site of biopsy even in lesions ≤ 2.0 cm. In our 
practice, conventional sonographic windows of 
small nodules was sometimes limited by the rib 
cage (Figure 1) and breathing motion in the 
lower lobes (Figure 2). In our study, the high 
diagnostic accuracy using CEUS may have 
resulted from the expanded detection of small 
subpleural nodules, obtained intralesional 
information and effectively guided biopsy pro-
cedures. On the other hand, most of scholars 
considered that CEUS-guided lung biopsy 
improved the diagnostic accuracy based on 
avoiding necrotic area, especially for large 
lesions [9-13], but for small nodules, we also 
can see more clearly the echo of the nodule, 
helping to obtain better tissue samples (Figure 
2). As far as we know, this is the first report 
describing CEUS with SonoVue and small sub-
pleural nodules biopsy.

The complication rates of US-guided biopsy of 
small subpleural nodules with SonoVue are 
mostly mild. Pneumothorax is a common com-
plication, the rate of which was found to be con-
siderably lower using CEUS than that using 
CT-guided biopsy [1, 3, 20]. In our study, only 
one patient (2.0%) had a mild pneumothorax, 
which did not need chest tube insertion. Some 
factors (e.g., pre-existing lung disease, patient 
age and needle gauge used) were found to be 
associated with the frequency of pneumotho-
rax. In our study, the fact that many nodules 
were located peripherally may mainly contrib-
ute to the low incidence of pneumothorax, in 
addition, real-time monitoring helped to avoid 
puncturing the aerated lung.

Bleeding, such as pleural bleeding and hemop-
tysis, is another frequent complication. Pleural 
bleeding is always self-limiting. In our study, 
one patient developed mild hemoptysis, which 
stopped spontaneously without specific treat-
ment. With SonoVue, CEUS-guided biopsy could 
be visualised and effectively avoid puncturing 
vessels. Furthermore, real-time monitoring of 
cutting biopsy specimens from nodules less 
than 20 mm in diameter may have enabled us 
to avoid cutting the lung parenchyma and 
reduce the rate of hemoptysis in our study.

Cutting-needle biopsy (CNB) using 20-or larger 
than 20-gauge aspirating needle and fine-nee-
dle aspiration biopsy (FNAB) using smaller than 
20-gauge aspirating needle are the most com-
monly used for thoracic US guided biopsy. FNAB 
may be a safer and technically easier alterna-
tive to CNB, but specimens of FNAB sometimes 
is limited by a small sample or the lack of a his-
tological pattern. Some studies have compared 
the value of FNAB and CNB for thoracic lesions. 
In a study performed by Diacon AH et al. [21], 
they concluded that CNB was superior in non-
carcinomatous tumours and in benign lesions, 
similar to the result of Schubert P et al. [22]. In 
our practice, 18-gauge spring-loaded automat-
ed cutting needle was used to biopsy and good 
results have been obtained, in spite of this, 
which gauges (greater or smaller) are more suit-
able for thoracic US guided biopsy that requires 
more experiences and prospective studies.

Despite the relatively satisfactory results, our 
study had some limitations. The uncontrolled 
retrospective design only allowed limited com-
parability with historical data. No prospective 
study has compared the use of other imaging 
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techniques with or without CEUS. Another limi-
tation was our small number of patients, larger 
studies that require more experiences are 
recommended.
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