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Abstract The aim of this study is to evaluate the feasibility of

percutaneous needle biopsy of mediastinal masses under

conebeam computed tomography (CBCT) and ‘‘XperGuide’’

navigation guidance. From September 2013 to April 2016, 40

patients (25 men and 15 women; mean age 52.5 years; range

18.7–86.4 years) with 40 mediastinal masses underwent

CBCT-/’’XperGuide’’-guided percutaneous needle biopsies.

Technical success, sensibility, specificity, positive predictive

value (ppv), negative predictive value (npv) and complications

rate were evaluated. Technical success evaluated as the correct

positioning of the needle inside the lesion was 100%. Based on

histopathological diagnosis, 2 of 40 biopsies (5%) resulted a

false negative. Diagnostic accuracy was 95%, sensitivity was

95%, specificity was 100%, ppv was 100%, and npv was 33%.

The mean total procedure time was 32 min (range 15–60 min)

revealing a reduction in time comparing the first group of 20

patients (mean time 45 min) with the last group of 20 patients

(mean time 17 min). No major complications were recorded.

Only three patients (7.5%) had mild pneumothorax as

demonstrated by post-procedural CBCT, resolved sponta-

neously. CBCT/‘‘XperGuide’’ navigation system is a new, safe

and accurate technique that can be used as guidance for

mediastinal mass biopsies. It also permits the use of CT

machines for diagnostic examinations relieving them from

interventional procedures burden.

Keywords C-arm conebeam CT � Percutaneous biopsy �
Imaging guidance � Mediastinal masses

Introduction

Mediastinal tumors are uncommon and represent 3% of

tumors within the chest [1]. Mediastinal lesions mostly

occur in the anterior mediastinum rather than medium or
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posterior mediastinum [2]. Multimodality imaging plays an

important role in determining the nature of the lesions

[3, 4].

Different techniques could be used to perform percuta-

neous mediastinal biopsies. Percutaneous mediastinal

biopsies are most commonly performed with computed

tomography (CT) and ultrasonography (US) guidance as

these modalities allow precise localization of the needle

and of the target lesion [5]. CT guidance does not allow the

visualization of the puncture in real time [6, 7], unless it is

carried out using CT fluoroscopy (fluoro-CT) which, at the

present moment, does not permit to reconstruct 3D images

in real time.

Interventional magnetic resonance (MR) imaging pro-

vides appealing features for the visualization and biopsy of

mediastinal masses [8].

Conebeam CT (CBCT) is a new emerging technology

that allows 3D image acquisition via a C-arm fluoroscopy

system to perform imaging-guided needle interventions.

The system produces images similar to those of CT pro-

viding the operator with the possibility of real-time fluo-

roscopy with greater flexibility in the orientation of the

detector around the patient compared to the closed CT

gantry. A newly developed real-time 3D fluoroscopy

guidance system for needle interventions merges conebeam

CT with dedicated planning and navigation software

(XperGuide, Philips Healthcare, Best, The Netherlands).

This software allows the operator to direct needle in real

time with fluoroscopy, once the trajectory has been estab-

lished by the images acquired in 3D CBCT [9–12].

The purpose of this study was to determine the diag-

nostic performance and safety of conebeam CT-guided

percutaneous needle biopsy using XperGuide navigation

software in patients with mediastinal lesions.

Materials and methods

Patients

We retrospectively evaluated the hospital records of the 40

patients (25 men and 15 women; mean age 52.5 years;

range 18.7–86.4 years) with 40 mediastinal lesions (me-

dian diameter 9.5 cm; range 2.5–16.5 cm) who underwent

CBCT-/XperGuide-guided percutaneous needle biopsies

from September 2013 to April 2016.

Our internal review board approved each procedure, and

informed consent was obtained from all individual partic-

ipants the day before the procedure.

Patients with contraindications for percutaneous inter-

vention (e.g., blood coagulation disorder) were excluded

from the study. A chest CT, in our institution or elsewhere,

was obtained in all cases and interpreted by a board-

certified radiologist with 5 years of experience in thoracic

imaging. The images were evaluated by the operator before

the procedures, to determine the feasibility of the biopsy.

The procedures were performed by a team of four

radiologists with experience in the new C-arm CBCT

technology, in our hospital since 2009.

Procedure workflow

Transthoracic needle biopsy: technical procedure

Mediastinal biopsies were performed in the angiography

suite equipped with C-arm CBCT system (Philips Allura

Xper FD20 system, Philips, Best NL) and with dedicated

‘‘XperGuide’’ software (Philips Healthcare, Best, NL).

The patient was positioned prone or supine, depending

on the lesion location and on the access considered opti-

mal. During the procedure, each patient received continu-

ous monitoring of heart rate, oxygen saturation, respiratory

rate and blood pressure.

All patients included in the present study underwent

CBCT in modality ‘‘XperCT 5s’’ integrated with Xper-

Guide navigation software (Philips Healthcare). With this

modality, the motorized C-arm covered a 240� clockwise

arc at a rotation speed of up to 55�/s, 312 projection images

(60 frames/s) acquired in 5.2 s. The C-arm gantry followed

an open trajectory from ?55� to -185�, and the acquisition

parameters were set to 120 kV tube voltage, 0.4 Cu fil-

tration, 5- to 6-ms exposure time and 250 mA tube current,

the latter being modulated automatically during the

acquisition to adjust for patient size. The two-dimensional

projections were automatically transferred to the recon-

struction workstation where they were reconstructed into

3D volumetric images with an isotropic resolution of

0.6 mm, a FOV of 250 9 250 9 194 mm and a matrix

size of 384 9 384 9 296.

CBCT- guided biopsy

The first step was a CBCT scan for adequate planning of

the biopsy. Briefly, using the XperGuide software, the

operator or the assistant in training at the workstation

monitor established the target in the context of the lesion

(‘‘target point’’) and decided the needle entry point at the

skin surface. In all cases, we used a 20-gauge cutting

needle with a coaxial system (Biopsy Bell, Medical

Device, Modena, Italy). The virtual segment connecting the

entry and target points marked the needle path (Fig. 1).

Based on this planning, the XperGuide software automat-

ically calculated the C-arm correct position, to display the

needle ‘‘entry point’’ on the patient’s skin. This phase of

the procedure, followed by C-arm positioning, was called

‘‘entry point position.’’ After skin disinfection at the access
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area and under local anesthesia (10 cc of 2% mepivacaine,

Angelini, Rome, Italy), via fluoroscopy the operator posi-

tioned the needle tip at the cutaneous ‘‘entry point,’’ based

on the CBCT image appearing on the monitor as a fusion of

the 3D volume previously acquired using CBCT and the

real-time fluoroscopy bi-dimensional plane. At this time,

the C-arm was rotated in the ‘‘progression view’’ position,

perpendicular to the previous one. Then, the needle was

advanced into the chest to reach the target point, following

the virtual path previously determined and displayed on the

monitor in real-time fluoroscopy. Thereafter, a second

CBCT scan was performed to verify the needle correct

placement (Fig. 2), and the biopsy was taken. A third and

final scan was acquired to assess any biopsy-related com-

plications (Fig. 3). The biopsy material was macroscopi-

cally assessed by the interventional radiologist, and another

satisfactory specimen was obtained when necessary. Rapid

on-site cytopathology examination was not available at our

unit.

After every biopsy, the patient was monitored for at

least 4 h in the recovery room, and before discharge, a

chest X-ray exam was done in a single PA projection in

maximum expiration, to highlight possible pneumothorax

or hemorrhage.

Biopsy tissue samples were formalin-fixed and paraffin-

embedded for pathologic examination. The biopsy material

was considered inadequate if sampled tissue was insuffi-

cient for pathologic diagnosis of the pulmonary lesion (no

specimen, necrotic tissue, normal lung/chest wall tissue).

Data collection and analysis

Data were assessed for technical success, diagnostic per-

formance, procedure time and complications. Technical

success was defined as the correct placement of the needle

within the lesion.

Diagnostic performance was evaluated by calculating

sensitivity, specificity, positive predictive value (PPV),

negative predictive value (NPV) and accuracy. The final

diagnosis was confirmed by a pathological examination of

surgical specimens; in cases where no surgical resection was

performed, the final diagnosis was confirmed by clinical and

Fig. 1 Pre-procedural CBCT. A prior scan was used to identify the lesion (white arrow, a) and to plan the biopsy, establishing the ‘‘target point’’

in the context of the lesion (green point, b) and then to obtain the needle pathway (green line, c)

Fig. 2 Intra-procedural CBCT. The images show the correct placement of the needle inside the lesion according to two different spatial planes

(axial, a; oblique, b)
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radiological follow-up. True positive (TP) was biopsies result

of malignant lesion that agreed with the definitive histolog-

ical findings or with the results of the follow-up. True neg-

ative (TN) was biopsies result of benign disease which

resolved or remained unchanged during the follow-up. False

negative (FN) was patients in which the histological results

of the biopsy sample were negative for malignancy and thus

were discordant with the examination of the surgical speci-

men, which instead documented malignancy.

Mean total procedure time was recorded. Mean total

procedure time was considered from the first acquired

CBCT until the end of the procedure including the time

needed to plan the needle pathway using the XperGuide

navigation system.

Complications were classified into major and minor

according to the SIR classification (Society of Interven-

tional Radiology) [13].

Results

Technical success was obtained in 100% of the patients.

Based on histopathological diagnosis, 2 of 40 biopsies

(5%) resulted as false negative (Table 1).

Diagnostic accuracy was 95%, sensitivity was 95%,

specificity was 100%, positive predictive value was 100%,

and negative predictive value was 33%.

The collected data revealed a reduction in the mean total

procedure time to procedure comparing a first from the first

20 patients (group A: between September 2013 December

2014) to the 20 patients (group B: between January and

April 2016). In group A, the mean total procedure time was

45 min (range 30–60 min); in group B, the mean total

procedure time was 17.6 min (range 15–20 min).

No major complications were recorded. Only three

patients (7.5%) had mild pneumothorax as demonstrated by

post-procedural CBCT. In these patients, pneumothorax

resolved spontaneously a few hours after procedure.

Discussion

XperGuide/CBCT is considered as an innovative technique

for interventional procedures as thoracic and abdominal

percutaneous needle biopsy or ablative treatments

[9–12, 14–19].

Braak et al. [5] performed mediastinal needle interven-

tions using XperGuide/CBCT guidance in 5 of 145 patients

with a technical success of 100% and an accuracy of 93.1%,

similar to our results. However, data reported in this study

include different anatomic areas (upper and lower thorax,

upper and lower abdomen and musculoskeletal) making

difficult a direct comparison with our study. Other authors

examined XperGuide/CBCT during percutaneous transtho-

racic needle biopsy of lung nodules [6, 13, 14]. In these

studies, accuracy ranged from 91.7 to 97% (mean 93.7%),

sensitivity ranged from 90 to 95.7% (mean 92.2%), and

specificity was 100% in all reports, with similar results

compared to our study. Nevertheless, it is difficult to make a

comparison between the two studies, due to different ana-

tomic sectors and other variables (e.g., lesion depth and

diameter and patient breathing movements).

Recently Kim et al. [19] reported the larger series of

CBCT-guided mediastinal biopsies with high accuracy

(97.4%) for the diagnosis of malignant mediastinal lesions

in accordance with our results.

They highlighted the utility of XperGuide/CBCT in

imaging-guided percutaneous biopsy of mediastinal

lesions. Thanks to multiplanar reconstructions, needle

pathway can be visualized during the entire procedure with

high spatial resolution. CBCT associated with the naviga-

tion system guarantees the technical success avoiding

Fig. 3 Post-procedural CBCT. The images show an anterior mild pneumothorax (white arrows) which did not require any intervention
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important anatomic structures. Co-registering live fluo-

roscopy with CBCT 3D volume reconstruction allows the

operator to reference the fused imaging during fluoroscopy,

combining fusion guidance with real-time X-ray guidance

[19].

To the best of our knowledge, this is the first study

which evaluates the procedure time. It is our opinion that it

is important to evaluate the timing in order to understand

whether the operator needs a learning curve and whether

the procedure is time-consuming compared to CT-guided

mediastinal biopsies. We considered the mean total time as

the elapsed time between the first acquired CBCT and the

end of the procedure, including the time needed for plan-

ning the needle pathway with XperGuide navigation

Table 1 Patients and lesions features with histopathological results and complications

No./age/sex Major diameter of lesion (cm) Location Histopathological diagnosis Complications

1/61.8/F 7.4 Antero-superior Thymoma B2 None

2/86.4/M 7.2 Anterior Differentiated spino-cellular carcinoma None

3/53.5/F 4 Posterior Epithelial cell anaplastic carcinoma None

4/60.4/M 9 Anterior Diffuse lymphoma large cell B None

5/73.9/M 9 Anterior Infiltrative thymoma None

6/38.6/M 6 Anterior Hodgkin lymphoma nodular type None

7/28/M 7 Anterior Fibroadipose tissue None

8/20/M 5.3 Anterior Diffuse lymphoma large cell B None

9/18.7/F 9 Anterior Lymphoma large cell B None

10/62.11/F 7 Anterior Diffuse thymic carcinoma None

11/21.8/F 15 Antero-medial Lymphoma large cell B None

12/64.7/F 6 Antero-superior Thymoma B1 None

13/83.9/M 4 Anterior Mesothelioma metastasis None

14/27.7/M 11 Anterior Thymoma B2 None

15/21.8/F 6.4 Anterior Fibroadipose tissue None

16/23.9/M 16.5 Anterior Lymphoma large cell B Mild pneumothorax

17/63.7/M 5.5 Anterior Flogistic None

18/41.1/F 5 Anterior Hodgkin lymphoma Mild pneumothorax

19/27.10/M 10 Anterior Hodgkin lymphoma None

20/65.5/F 6 Anterior Thymoma None

21/79/F 6.5 Anterior Poorly differentiated adenocarcinoma None

22/65.17 M 11 Anterior Lymphoma large cell B None

23/49/M 7.3 Anterior Thymoma None

24/47.5/M 4.5 Posterior Esophageal cyst None

25/40/F 2.5 Anterior Thymoma None

26/63.2/F 6 Anterior Hodgkin lymphoma None

27/20.5/F 14 Antero-medial Lymphoma large cell B None

28/65.4/F 8 Antero-superior Thymoma B1 None

29/82.3/M 5 Anterior Mesothelioma metastasis None

30/28.7/M 10 Anterior Thymoma B2 None

31/22.8/F 6 Anterior Hodgkin lymphoma None

32/25.9/M 11.5 Anterior Lymphoma large cell B None

33/60.7/M 6 Anterior Lymphoma large cell B None

34/41.8/F 5 Anterior Hodgkin lymphoma Mild pneumothorax

35/25.5/M 10 Anterior Hodgkin lymphoma None

36/62.5/F 8 Anterior Thymoma None

37/77/F 4.5 Anterior Adenocarcinoma metastasis None

38/64.2 M 12 Anterior Lymphoma large cell B None

39/48/M 6.5 Anterior Thymoma None

40/44.5/M 3 Antero-medial Lymphoma large cell B None
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system. We compared group A (September 2013–Decem-

ber 2014) and group B (January 2015–April 2016). The

mean procedure time in group A was 45 min (range

30–60 min), whereas in group B, it was 17.6 min (range

15–20 min). The mean total procedure time decreased

progressively in connection with increasing operator

experience and confidence, demonstrating the significant

relationship of this technique with the learning curve of the

operator. An effective dose reduction could be hypothe-

sized with the decreasing mean total procedure time and

thanks to the reduced number of CBCT scans needed

during biopsy, related to the greater precision during the

approach to lesion sampling with the XperGuide software.

However, we decided to focus our study on the technical

aspect of the procedure, not considering the dosimetric

aspect [20].

Anyway we reported recently, in other study concerning

lung biopsies [21], that the mean estimated effective dose

through CBCT-guided lung biopsies was slightly lower

than that of fluoro-CT-guided biopsies.

Non-fatal complications are taken into account during

percutaneous needle interventions. Complications rate is

calculated to be 3.85% by Kim et al. [19]. In the literature,

studies about lung percutaneous needle biopsy is described

a rate of 19–22.6% referring to minor complications and

0–2.4% referring to major complications [10, 17, 18]. In

the present study, we reported 8% mild self-limiting

pneumothorax (2/25 patients) and no major complications.

There are some limitations in our study. First, no ran-

domized comparison was made between CBCT guidance

and CT/fluoro-CT guidance. Second, we have not included

DAP and effective dose using CBCT guidance. Finally, the

small number of patients is a limit.

However, with this preliminary study we wanted to

focus on feasibility, safety and accuracy of the technique.

The results of this study lead us to believe that Xper-

Guide/CBCT guidance during percutaneous mediastinal

needle biopsy appears to be a safe and accurate method to

biopsy mediastinal lesions, with a technical success of 100%

and low rate of minor complications (8%). Furthermore, the

possibility of performing biopsies in angiographic suite with

XperGuide/CBCT could be an important advantage in order

to reduce the workload of the CT service.

The results obtained in our study should be considered

preliminary, but they are encouraging and worthy of further

study.
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