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were 95.1 % (79/83), 100 % (12/12), and 95.7 % (91/95), 
respectively. The number of biopsies and CBCT acquisi-
tions were 2.6 ± 1.2 (range 1–6) and 3.0 ± 1.1 (range 2–8), 
respectively. Complications occurred in five (5.0 %) cases. 
The mean total procedure time was 11.70 ± 3.44 min 
(range 6–27 min), resulting in a mean exposure dose of 
9.7 ± 4.3 mSv.
Conclusion Flat detector cone-beam CT-guided PNB is 
an accurate and safe diagnostic method for mediastinal 
lesions.

Keywords Interventional · Biopsy · Computer 
application-3D · Mediastinal lesion

Introduction

Diagnostic discrimination of mediastinal tumors is crucial 
for planning appropriate treatment [1, 2]. Different patho-
logical results lead to different treatments. For example, 
tumors, such as thymoma, are often treated with surgery, 
whereas lymphoma or metastatic lesions would be treated 
with chemotherapy or radiotherapy [3]. CT-guided percu-
taneous needle biopsy (PNB) has been widely performed 
in the diagnosis of mediastinal nodules [4, 5]. However, 
the conventional CT guidance has limitations in the lack of 
real-time monitoring and gantry tilting for a more accessi-
ble needle pathway to the target lesion [6, 7]. Along with 
the development of flat detector cone-beam CT (CBCT), 
a novel technique for TNB guidance recently emerged. It 
combines advanced needle path planning with 3D CBCT 
images. The CBCT systems offer the real-time visualiza-
tion of TNB procedures and more flexibility in the orien-
tation of the detector system around the patient compared 
with the traditional CT systems [8, 9]. Therefore, the PNB 
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ules under iGuide CBCT virtual navigation guidance 
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procedures assisted by advanced 3D needle guidance sys-
tems can be performed in a sterile workspace with flexible 
system angulation capability as well as instantaneous fluor-
oscopic feedbacks [10]. Indeed, owing to this system’s abil-
ity to facilitate more accurate and safer needle placement, 
it has already been shown to provide excellent diagnostic 
accuracy for biopsy of the lung lesions [2, 8, 9, 11–19] 
(Table 1). However, there are few literatures about CBCT-
guided percutaneous needle biopsy of mediastinal lesions 
[20]. This paper describes our preliminary experience with 
PNB for mediastinal lesions biopsy under the CBCT guid-
ance system.

Methods and materials

Patients

This retrospective study was approved by the institutional 
review board of The First affiliated Hospital of Zhengzhou 
University with waiver of patient informed consent. From 
January 2010 to January 2015, a total of 100 patients with 
100 solid mediastinal lesions were retrospectively enrolled 
to undergo PNB procedures. 100 consecutive patients (65 
males and 35 females, mean age 52.00 ± 11.87 years; 
age range, 24–80 years) with enhanced CT or PET-CT 
confirmed solid mediastinal lesions were retrospectively 
enrolled in this study. The lesion size was recorded as the 
maximum diameter in the image data by one chest radi-
ologist (Han XW, 20 years of experience in image-guided 
PNB).

Image acquisition

3D CBCT images of the patients were acquired with a rota-
tional angiographic system (Artis Zeego, 30 × 40 cm FD 
detector, Siemens Healthcare, Forchheim Germany). The 
resulting raw projection images were then automatically 
transferred to a workstation (Syngo X Workplace, Siemens 
Healthcare) for 3D volume reconstruction. As a result, the 
CBCT images were reconstructed with 1 mm thickness and 
presented in axial, sagittal, and coronal orientations. The 
time from the end of the data acquisition to the presentation 
of multiplanar images on the workstation ranged between 
43 and 45 s.

Needle path planning and guidance procedure

As the second step, the needle path was planned on the 
same workstation using the commercially available soft-
ware (Syngo iGuide, Siemens Healthcare). Figures 1, 2 and 
3 demonstrated this procedure for a 2.50 cm lesion in mid-
dle mediastinum. Figure 4 demonstrated this procedure for 

a 3.50 cm lesion in posterior mediastinum. Figure 5 demon-
strated this procedure for a 1.80 cm lesion in middle medi-
astinum. The reconstructed 3D volume was first loaded. In 
the orthogonal multiplanar images, the skin entry point and 
target lesion positions were manually selected and marked 
by a cross and a circle, respectively. A virtual path was then 
generated with its angulations and length calculated and 
displayed. All three multiplanar images were automati-
cally aligned to the defined path to provide in-plane views 
(Fig. 1b–d). Then, the virtual path was then projected and 
superimposed onto the live fluoroscopic images and dis-
played on a dedicated live monitor (Fig. 2). First, the C-arm 
rotated to the Bull’s Eye View, where the C-arm was angu-
lated in the way that the cross and the circle displayed on 
the live monitor completely matched and the central X-ray 
beam was aligned with the planned path (Fig. 2a). Thus, 
the skin entry point could be determined (Fig. 2a). The nee-
dle orientation was adjusted until both the tip and hub of 
the needle in the fluoroscopic image were superimposed 
and located at the center of the circle and the cross. Second, 
after the skin entry point and needle orientation were deter-
mined, the needle was advanced under fluoroscopy until the 
planned target lesion position was reached. The C-arm was 
rotated back and forth to two different angles subsequently 
to monitor the needle progression. These two angles pro-
vided lateral views (Progression View) of the planned nee-
dle path and helped to ensure that the needle was advanced 
along it (Figs. 2b, 5d). Third, a 3D scan was acquired to 
confirm the final position of the needle (Fig. 3).    

PNB technique

PNBs were performed by or under the supervision of 
one chest radiologist (Han XW, 20 years of experience in 
image-guided PNB). Prior to the procedure, previously 
acquired diagnostic contrast-enhanced chest CT or PET-
CT was carefully reviewed to determine the most appro-
priate needle route (Figs. 1a, 4a, 5a). The mean length of 
time from acquisition of the diagnostic CT image or PET-
CT to the biopsy procedure was 7.6 ± 5.3 days (range 
1–30 days). The patient was placed in either supine or 
prone position according to location of the lesion, and 
local anesthesia was given (1 % lidocaine, ≤10 ml). A 
16-gauge needle (Quick-Core, Cook Medical Inc., Bloom-
ington, IN, USA) was advanced along the planed path 
under real-time fluoroscopy. For sampling, the stylet was 
removed from the guiding needle and replaced by a biopsy 
needle, and then approximately 1.0–2.0 cm sample tissue 
was taken. A pathologist was not present, and our criteria 
were that the total samples length was more than 1.0 cm 
to meet the needs of the pathological sections. After suf-
ficient tissue samples were obtained, the coaxial introducer 
was removed. Thereafter, post-procedure CT images were 
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acquired to identify procedure-related complications. The 
patients remained in the hospital for 24 h for observation 
after the procedure.

Lesion characteristics and procedural records

Operators documented lesion characteristics as well as the 
procedural records in our database. We recorded the lesion 
size, location in the mediastinum, and lesion feature (solid, 
cystic, or mixed solid and cystic). We recorded several fac-
tors during TNB; the patients’ positions during PNB, skin-
to-target distance, the number of biopsies, the number of 
CT acquisitions, needle approach, total procedure time 
(defined as the duration from local anesthesia injection to 
the end of post-procedure CBCT). Technical success was 

defined as appropriate location of the coaxial needle within 
target nodules on CBCT images and adequate tissue sam-
pling on visual inspection. We recorded the total coaxial 
introducer indwelling time and effective radiation exposure 
dose during the entire procedure (fluoroscopy dose and 
CBCT dose).

Pathological results, diagnostic accuracy

The pathological reports of biopsy specimens, surgical 
specimens, or follow-up images were reviewed to evaluate 
the final diagnosis of target nodules. Final diagnosis was 
confirmed in four ways. (1) If the patient underwent surgi-
cal resection, the pathological report decided the final diag-
nosis. (2) If the pathological result of biopsy demonstrated 

Fig. 1  55-year-old patient, preoperative CT showed a 2.50 cm mid-
dle mediastinal lesion (white arrow) (a). CBCT orthogonal multipla-
nar images with graphics showing planned needle path (yellow line) 
into target lesion (red circle) (b, c). The cross indicated the skin entry 

site, and the circle indicated the target lesion site. The needle posi-
tion relative to the anatomical structures was displayed in 3D using 
the volume-rendering technique (d)
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Fig. 2  Real-time fluoroscopic images in Bull’s eye view (a) and progression views (b). The needle was advanced along the planned needle path 
(dotted line) from skin entry site (white cross) to target lesion site (white circle)

Fig. 3  CBCT scan confirmed the needle position in multiplanar (a–c) and volume-rendering (d) images
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a malignant or a specific benign pathology, such as thy-
moma or sarcoidosis, it was accepted as the final diagnosis. 
(3) In the cases of non-specific benign pathology (nega-
tive for malignancy, chronic inflammation, etc.), follow-up 
CT helped to decide whether the lesion would be truly or 
falsely benign, or indeterminate. If the lesion decreased 
20 % or more in diameter, we considered the final diagno-
sis as benign. (4) If a nodule of non-specific benign pathol-
ogy did not show a sufficient interval decrease in size nor 

had follow-up images, its final diagnosis was defined as 
indeterminate. Interminate lesions were not included in 
the calculation of diagnostic accuracy. Any PNB-related 
complication, such as pneumothorax or haemoptysis, was 
also recorded. Pneumothorax was evaluated with post-pro-
cedural CBCT and follow-up chest radiographs during the 
hospitalization.

All data analyses were performed using the Excel 2010 
(Microsoft, Redmond, WA) and SPSS software (version 

Fig. 4  58-year-old patient, preoperative CT showed a 3.5 cm lesion in posterior mediastinum (a). CBCT images with graphics showing planned 
needle path (green line) into target lesion (green circle) (b). CBCT scan confirmed the needle position (c)

Fig. 5  80-year-old patient, preoperative PET-CT showed a 1.8 cm 
lesion in middle mediastinum (a). CBCT orthogonal multiplanar 
images with graphics showing planned needle path (yellow line) into 

target lesion (red circle) (b, c). Real-time fluoroscopic images in pro-
gression views, the needle was advanced along the planned needle 
path (dotted line) (d). CBCT scan confirmed the needle position (e, f)
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13.0; SPSS, Chicago). Numeric data are reported as the 
mean ± standard deviation.

Results

Nodule characteristics, procedural records, 
and radiation doses

A detailed description of the lesion characteristics and 
procedure records is summarized in Table 2. The mean 
size of nodules was 4.4 ± 1.8 cm, ranging from 1.8 cm to 
9.0 cm. Among the 100 nodules, 81 lesions were solid, 2 
lesions were cystic, and 17 showed mixed solid and cystic 
features. 76 lesions were located in the anterior mediasti-
num, 12 lesions in the middle mediastinum, and 12 in the 
posterior mediastinum. The patients underwent TNB in the 
supine position in 85 cases and in the prone position in 15 
cases. The number of biopsies and CBCT acquisitions were 
2.6 ± 1.2 (range 1–6) and 3.0 ± 1.1 (range 2–8), respec-
tively. The mean total procedure time was 11.7 ± 3.4 min 
(range 6–27 min). With regard to the mediastinal nee-
dle approach used, the parasternal approach was used for 
78 lesions, the paravertebral approach for 12 lesions, and 
transpulmonary approach for 10 lesions. The technical suc-
cess rate of TNB under iGuide CBCT virtual navigation 
system was 100.0 % (100/100). The total coaxial introducer 

Table 2  Lesion characteristics and procedure records of flat detec-
tor cone-beam CT-guided percutaneous needle biopsy of mediastinal 
lesions

Data collection Value

Total no. of patient 100

Lesion diameter (cm) 4.41 ± 1.75

Location of the lesion

 Anterior mediastinum 76

 Middle mediastinum 12

 Posterior mediastinum 12

Lesion feature

 Solid 81

 Cystic 2

 Mixed 17

Patient position

 Supine 85

 Prone 15

Approach technique

 Patasternal 78

 Transpulmonary 10

 Paravertebral 12

Number of biopsies 2.59 ± 1.17

Number of CBCT acquisition 2.95 ± 1.11

Procedure time (min) 11.70 ± 3.44

Needle dwelling time (min) 8.20 ± 3.40

Effective dose (mSv) 9.7 ± 4.3

Table 3  Pathologic outcomes of the patients who underwent PNB procedure with Siemens CBCT needle guidance system

The technical success rate (%) 100

Sensitivity (%) 95.2

Specificity (%) 100

Accuracy (%) 95.7

Pneumothorax rate (%) 3

Subcutaneous hematoma 1

Hemoptysis rate (%) 1

Malignant 83 Benign 12 Indeterminate lesions 5

Thymoma 22 (26.5) Chronic granulomatous 3 (25.0) No enough evidence 2

Non-hodgkin’s lymphoma 17 (20.5) Fibroma 3 (25.0) Lost to follow-up 3

Thymic carcinoma 11 (13.3) Mature teratoma 2 (16.8)

Metastases 10 (12.1) Sarcoidosis 1 (8.3)

Hodgkin’s disease 7 (8.4) Schwannoma 1 (8.3)

Thyroid carcinoma 5 (6.0) Inflammation with necrosis 1 (8.3)

Malignant mesenchymal tumor 4 (4.8) Tuberculosis 1 (8.3)

Squamous cell carcinoma 3 (3.6)

Fibrosarcoma 2 (2.4)

Liposarcoma 2 (2.4)
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dwelling time in our study was 8.2 ± 3.4 min. The overall 
procedural time ranged from 6 to 27 min, and the mean 
total procedure time was 11.7 ± 3.4 min, resulting in a 
mean effective exposure dose of 9.7 ± 4.3 mSv.

Pathological results, diagnostic accuracy, 
and complications

Detailed pathological results are listed in Table 3. Among 
the 100 nodules, 83 nodules were malignant, 12 benign, 
and 5 indeterminate lesions. The final diagnosis of malig-
nancy was made on the basis of surgical pathology 
(n = 44), including the conventional open surgery (n = 24) 
and endoscopic surgery (n = 20), and specific malignant 
biopsy results (n = 39). The 83 malignant lesions consisted 
of thymoma (n = 22), non-Hodgkin’s lymphoma (NHL) 
(n = 17), thymic carcinoma (n = 11), metastases (n = 10), 
Hodgkin’s disease (HD) (n = 7), thyroid carcinoma 
(n = 5), malignant mesenchymal tumor (n = 4), squamous 
cell carcinoma (n = 3), fibrosarcoma (n = 2), and liposar-
coma (n = 2). The final diagnosis of benign lesions was 
made on the basis of surgical pathology (n = 4), including 
the conventional open surgery (n = 2) and endoscopic sur-
gery (n = 3), and specific malignant biopsy results (n = 7). 
The 21 malignant lesions consisted of chronic granuloma-
tous (n = 3), fibroma (n = 3), mature teratoma (n = 1), sar-
coidosis (n = 1), Schwannoma (n = 1), inflammation with 
necrosis (n = 1), and tuberculosis (n = 1). One patients’ 
initial biopsy result was fibrous connective tissue; the 
nodule was enlarged more than 20 % in size on follow-up 
chest CT after 2 months. TNB procedures were performed 
again, and the patient was confirmed with fibrosarcoma. 
The other three patients (one with HD and two with NHL) 
had completed the entire treatments, and tumor volumes 
were reduced more than 80 % compared with pretreat-
ment. However, there were still persistence of soft tissue. 
Residual mediastinal tissue pathology results were coexists 
with fibrotic and/or necrotic tissue or thymic hyperplasia. 
Among them, two patients received the conventional open 
surgery and were confirmed with residual tumors. Another 
patent with NHL with high suspicion of tumor residue, 
TNB procedures were performed again, and the patient 
was confirmed with the residual tumor of NHL. Finally, 
the sensitivity, specificity, and accuracy of TNB of medi-
astinal lesions under the Siemens CBCT virtual navigation 
guidance were 95.1 % (79/83), 100 % (12/12), and 95.7 % 
(91/95), respectively.

Complications occurred in 5 of 100 procedures (5.0 %), 
all of which were pneumothorax (n = 3), subcutane-
ous hematoma (n = 1), and hemoptysis (n = 1). How-
ever, pneumothorax volume in every patient was below 
5 %, and no specific treatment was given, as the patients 
were asymptomatic and clinically stable. Post-operative 

hemoptysis occurred in one patient, but the symptom was 
self-limiting and disappeared within 1 day. An old patient 
with giant mediastinal lesion (size 8.3 cm) and upper vena 
cava compression syndrome occurred subcutaneous hem-
orrhage after procedure. Puncture point was oppressed for 
20 min, and bleeding was stopped.

Discussion

Imaging-guided PNB is regarded as an adequate technique 
for characterizing mediastinal lesions to be used before 
invasive surgical diagnostic procedures (mediastinoscopy, 
thoracoscopy, anterior mediastinotomy, and exploratory 
thoracotomy) [21]. CT-guided mediastinal lesion biopsy is 
well described in the literature with technical success rang-
ing from 77 to 96.4 % [22–24]. The technical success rate 
of mediastinal lesion biopsy under CBCT virtual navigation 
was 100 % with accuracy rate 95.7 %, which falls within 
the aforementioned range. The favorable outcome achieved 
in our preliminary study suggested that the CBCT-guided 
biopsies can be as safe and accurate as CT-guided proce-
dures. This finding is not surprising, because CBCT imag-
ing guidance primarily affects the needle pass, but tissue 
sampling itself is essentially comparable to CT-guided 
procedures. Moreover, The CBCT systems offer real-time 
visualization on TNB procedures and more flexibility in the 
orientation of the detector system around the patient com-
pared with the traditional CT systems [25]. Busser et al. 
[26] demonstrated that the CBCT was the preferred modal-
ity over CT, irrespective of the level of operator experience, 
in terms of accurate needle placement in difficult guidance 
procedures requiring double-angulated needle paths. As the 
mediastinum is a complex body part comprising the heart, 
trachea, esophageal, and multiple vascular structures, elab-
orate needle placement is essential. The study suggested 
that the CBCT virtual navigation-guided biopsy may be 
an exceptionally well-suited procedure for lesions in the 
mediastinum.

Several sampling methods are available. The simplest is 
fine-needle-aspiration cytology, which uses 20- to 25-gauge 
needles and provides a cytological sample consisting of 
exfoliated cells. Another sampling system is core biopsy, 
which relies on the use of special semiautomatic or auto-
matic cutting needles with a quick-release mechanism and 
a 14- to 18-gauge caliber. This system provides microhis-
tological samples (frustules). The larger amount of tissue 
harvested allows sophisticated laboratory investigations, 
such as electronic microscopy, immunohistochemistry, and 
tumor-marker analysis, and all factors improve diagnostic 
specificity [27]. Considering the diversity of the mediasti-
num tumors and classification necessity of lymphomas, we 
used 16-gauge biopsy needle advancing along the planed 
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path under real-time fluoroscopy to get enough sample, 
even if the lesion closed to blood vessels (Fig. 5). The real-
time imaging CBCT guidance can make the biopsy proce-
dures faster, and the total coaxial introducer dwelling time 
in our study was only 11.7 ± 3.4 min, which was shorter 
than that under the conventional CT guidance (mean 14.4–
23.8 min) [28–30].

The previous studies on CT-guided mediastinal biopsy 
have reported a wide range of complication rates, from 3.8 
to 25.5 % [22, 24, 29, 30]. The most frequently complica-
tion of mediastinal biopsy has been pneumothorax. In our 
study, the pneumothorax rate 3 % (3/100) was found to be 
lower than CT-guided TNB procedure. We believe that this 
low incidence of pneumothorax was possible, as the virtual 
navigation system enabled us to select a safer and more 
accurate targeting route in navigating the needle approach 
to the target. As for puncture approach, the transpulmo-
nary approach was used for ten lesions to avoid damage to 
the lung tissue. In addition, the coaxial needle technique 
also played a significant role in the reduction of complica-
tions by avoiding repeated pleural punctures or passages. 
Of the three patients who had pneumothorax, all patients 
had pulmonary emphysema along the needle pathway, and 
this may suggest that considering emphysema in the nee-
dle pathway would be more likely to lead to the occurrence 
of pneumothorax. Considering the intrinsic disadvantage 
of CBCT, in which the large cone angle increases scat-
tered radiation as well as noise, which in turn can disturb 
the discrimination of low-contrast objects, vascular injury 
during CBCT-guided PNB is of significant concern. How-
ever, after scrupulous review of the diagnostic contrast-
enhanced CT data taken prior to the procedure, the estima-
tion of the lesion boundary and the safe range for needle 
advancement was feasible [20]. An old patient with giant 
mediastinal lesion and upper vena cava compression syn-
drome occurred subcutaneous hemorrhage after procedure. 
Obstruction of superior vena cava leads to an increase in 
venous pressure, and injury to collateral vessels by punc-
ture during procedure leads to subcutaneous bleeding. 
Puncture point was oppressed for 20 min, and bleeding was 
stopped.

There were four cases (4.3 %) misdiagnosed in the study. 
One patients’ initial biopsy result was fibrous connective 
tissue; the nodule was enlarged more than 20 % in size 
on follow-up chest CT. TNB procedures were performed 
again, and the patient was confirmed with fibrosarcoma. 
The other there patients (one with HD and two with NHL) 
had completed the entire treatments, and tumor volumes 
were reduced more than 80 % compared with pretreat-
ment. However, there were still persistence of soft tissue. 
Residual mediastinal tissue pathology results were coexists 
with fibrotic and/or necrotic tissue or thymic hyperplasia. 
Among them, two patients received the conventional open 

surgery and were confirmed with residual tumors. Another 
patient with NHL with high suspicion of tumor residue, 
TNB procedures were performed again and the patient was 
confirmed with residual tumor of NHL. An intrathoracic 
residual mass is present in 20 % of patients after treatment 
of an HD or an NHL. Eighteen percent of these patients 
experience a relapse at the level of the residual mass [31]. 
In our study, all patients were done with an enhanced chest 
CT before biopsy. CT alone does not allow one to discrimi-
nate between residual tumor and fibrosis or necrosis easily, 
especially for Lymphoma. According to most recent stud-
ies, CT has a poor sensitivity with respect to the diagno-
sis of residual disease. MRI has been shown to be slightly 
more reliable with respect to the diagnosis of fibrosis [32]. 
Preoperative MR combined with CT can better target medi-
astinal lesions and improve the correct rate. In fact, a nega-
tive result always possesses a diagnostic challenge. A non-
specific benign result does not exclude malignancy, and 
further evaluation is required. The lesion may be malignant, 
but the sample obtained may lie outside the nodule borders 
or come from a necrotic area, thus preventing pathologists 
from establishing a correct diagnosis. Clinical and radio-
graphic follow-ups are warranted. If further growth occurs 
after a non-specific benign diagnosis, it is obtained with 
TNB; repeat biopsy or resection is indicated [33].

In terms of radiation dose, a mean exposure dose was 
9.7 ± 4.3 mSv. In Chiara et al. [18] study that dealt with 
pulmonary nodules with C-arm cone-beam CT, the total 
dose equals 11.62 mSv. Braak et al. [16] performed 92 
biopsies in 88 patients with a similar guidance and reported 
a dose value equal to 9.95 mSv. On the basis of our results 
and the data from the literature regarding lung biopsies per-
formed with CBCT guidance, despite the limited amount 
of currently available data and the lack of homogeneity, a 
slight reduction in dose could be hypothesized with the use 
of iGuide guidance. It could reduce the total dose delivered, 
because it can reduce the number of CBCT scans needed. 
The radiation dose of cone-beam CT-guided biopsy may 
not be a substantial problem, although a continuous effort 
must be made to reduce the radiation dose through use of a 
small field of view or collimation.

The limitations of this technique should also be men-
tioned. As patient movements may result in motion artifacts 
and affect the registration accuracy of the projected path, 
the key factor for achieving successful needle guidance is 
to generate high-quality 3D CBCT images. To this aim, 
during the imaging procedure, the patient should be well 
stabilized. However, this requirement may not be fulfilled 
and limits its applications for some patients who have dif-
ficulty sustaining a breath hold for the duration of imaging. 
The article did not have a control group, and it is difficult to 
assess the real advantages of CBCT-guided PNB for medi-
astinal lesions. Another main limitation of the study is the 
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small sample size that limits the statistical power. Future 
studies examining a larger population using this system are 
warranted in this regard.

In conclusion, flat detector cone-beam CT-guided PNB 
is an accurate and safe diagnostic method for mediastinal 
lesions.
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