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Abstract: Purpose: To evaluate technical outcome, diagnostic yield and safety of computed tomo-
graphic fluoroscopy-guided percutaneous core needle biopsies in patients with mediastinal masses.
Methods: Overall, 155 CT fluoroscopy-guided mediastinal core needle biopsies, performed from
March 2010 to June 2020 were included. Size of lesion, size of needle, access path, number of
success, number of biopsies per session, diagnostic yield, patient’s position, effective dose, rate of
complications, tumor localization, size of tumor and histopathological diagnosis were considered.
Post-interventional CT was performed, and patients observed for any complications. Complications
were classified per the Society of Interventional Radiology (SIR). Results: 148 patients (age, 54.7 ±
18.2) underwent 155 CT-fluoroscopy-guided percutaneous biopsies with tumors in the anterior (114;
73.5%), middle (17; 11%) and posterior (24; 15.5%) mediastinum, of which 152 (98%) were technically
successful. For placement of the biopsy needle, in 82 (52.9%) procedures a parasternal trajectory was
chosen, in 36 (23.3%) a paravertebral access, in 20 (12.9%) through the lateral intercostal space and
in 17 (11%) the thoracic anterior midline, respectively. A total of 136 (89.5%) of the biopsies were
considered adequate for a specific histopathologic analysis. Total DLP (dose-length product) was
575.7 ± 488.8 mGy*cm. Mean lesion size was 6.0 ± 3.3 cm. Neoplastic pathology was diagnosed
in 115 (75.7%) biopsies and 35 (23%) biopsy samples showed no evidence of malignancy. Minor
complications were observed in 18 (11.6%) procedures and major pneumothorax requiring drainage
insertion in 3 interventions (1.9%). Conclusion: CT fluoroscopy-guided percutaneous core needle
biopsy of mediastinal masses is an effective and safe procedure for the initial assessment of patients
with mediastinal tumors.

Keywords: CT-guided biopsy; mediastinal mass; interventional radiology; core needle biopsy

1. Introduction

Mediastinal masses include a wide spectrum of diseases, and therefore histopatholog-
ical diagnosis is crucial for adequate surgical or medical treatments. For example, thymic
neoplasms are primarily treated by surgery [1], whereas lymphomas or metastatic lesions
are subject to a combination of chemotherapy and radiation therapy. A variety of more or
less invasive methods are used for obtaining biopsies of mediastinal lesions, such as open
surgical procedures, video-assisted thoracoscopic surgery (VATS), transbronchial biopsy,
cervical mediastinoscopy and image-guided percutaneous needle biopsy [2]. Percutaneous
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image-guided core needle or Tru-Cut biopsy of mediastinal masses is usually performed
under computed tomography, sonography and magnetic resonance imaging guidance,
allowing detailed visualization of the lesion and the adjacent mediastinal structures as well
as precise localization and documentation of the biopsy needle [3–6].

Thereby, computed tomography has been proven to be the most suitable imaging
modality for core needle biopsy guidance [7]. Moreover, core needle biopsy shows higher
diagnostic accuracy than fine needle aspiration, since histology is more reliable in compari-
son with cytology in evaluation of mediastinal lesions [5,8,9]. Furthermore, CT fluoroscopy
guidance allows for real-time imaging guidance during the procedure, with fewer com-
plications and with a lower effective patient radiation dose in contrast to sequential CT
guidance [10]. Large variability regarding the diagnostic yield and complication rate of
CT-guided percutaneous needle biopsy for mediastinal lesions can be found in previous
studies [5,6,11–15].

Consequently, the purpose of this retrospective single-center study was to report the
technical outcome, safety and diagnostic yield of CT fluoroscopy-guided percutaneous
core needle biopsy of mediastinal masses during a 10-year period.

2. Materials and Methods

In this retrospective study, 148 individual patients (63 women, 85 men, 54.7 ± 18.2
(MV ± SD) years) who had undergone 155 CT fluoroscopy-guided mediastinal biopsies
were included. All interventional procedures performed in our study involving human
participants were in accordance with the Helsinki declaration of 1964 and with the ethical
standards of the institutional and/or national research committee and its later amendments
or comparable ethical standards. Regarding the review of patient charts, our institu-
tional ethics board did not require approval of this retrospective study. All interventional
procedures were performed under low-milliampere (10–20 mA) computed tomographic
fluoroscopy (CTF) guidance in our institution from March 2010 to June 2020. Written in-
formed consent from all patients was obtained a minimum of 24 h prior to the intervention
after detailed explanation of the planned therapeutic intervention.

2.1. Study Population

Patient cohort was compiled by an RIS (radiological information system) database
analysis of all CT-guided thoracic biopsies performed over a 10-year period. An interdisci-
plinary team of oncologists, general surgeons and interventional radiologists discussed
and confirmed clinical indication for CT-fluoroscopy-guided mediastinal biopsy. This
study includes only core needle or Tru-Cut biopsies (needle size ≤ 19 G) of mediastinal
masses. Exclusion criteria were consistent with the general exclusion criteria for CT-guided
interventions as well as the Quality Improvement Guidelines of the CIRSE and Society of
Interventional Radiology (SIR) [16,17].

2.2. Peri-Interventional Imaging and Image Guidance

To confirm the indication of the procedure, images of CT, MRI or PET-CT, not older
than two weeks, were analyzed by an experienced interventional radiologist before each
intervention. Every procedure was conducted using a 16- (Somatom Sensation 16, Siemens,
Healthcare GmbH, Erlangen, Germany), 64- (Somatom Sensation 64, Siemens, Healthcare
GmbH, Erlangen, Germany) or 128-slice (Somatom Definition AS+; Somatom Definition
Edge, Siemens, Healthcare GmbH, Erlangen, Germany) CT scanner with CT fluoroscopy
(CARE Vision CT®, Siemens, Healthcare GmbH, Erlangen, Germany) capability. An online
dose modulation system (CareDOSE 4D, Siemens Medical Solutions, Healthcare GmbH,
Erlangen, Germany) was used for the pre- and post-interventional scan to adjust tube
current time product (100–200 mAs) and voltage (80–120 kV). A planning CT scan was
performed before the intervention to determine the anatomic localization of the lesion.
In the case of a probable complex needle access path, a contrast-enhancing CT scan was
acquired including a venous phase and, in some cases, an arterial phase for lesions with
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close contact to thoracic vessels (e.g., the internal thoracic artery). For the latter, the
CT scan included 3-mm slices in axial reconstruction, as well as coronal and sagittal
multiplanar reconstructions. A post-interventional CT scan was performed to visualize
active bleeding or other complications. The biopsies of mediastinal lesions were performed
under intermittent quick-check CT fluoroscopic acquisitions, using low-milliampere CT
fluoroscopy at a tube current-exposure time product of 10 to 20 mAs. For radiation
protection of the operator during intervention, thyroid shields, aprons and eyeglasses of
0.5-mm lead equivalent were applied. To reduce scattered radiation, an additional shield
was put onto the lower half of the patient before sterile draping. Angular beam modulation
(Hand Care®, Siemens, Healthcare GmbH, Erlangen, Germany) was activated during CT
fluoroscopy with respect to radiation protection of the operator’s hand.

2.3. Procedure

All procedures were performed by one of the board-certified authors, each of them
with at least 5 years of interventional experience. Monitoring with pulse oximetry was
generally applied during the interventional procedure. Patients were positioned on the CT
table in a prone (22/155), supine (129/155), left (2/155) or right (2/155) lateral decubitus
position depending on the localization of the mediastinal mass. After choosing the diameter
(16 and 18 G) and length of the Tru-Cut biopsy system (Magnum, Bard, Murray Hill, NJ,
USA), sterile draping and disinfection of the skin overlying the planned needle entry
point, local anesthesia with 10–20 mL of 2% mepivacaine hydrochloride (Scandicain, Astra
Zeneca, London, UK) was applied. Following a small skin incision, the Tru-Cut needle
was consecutively introduced under intermittent quick-check CT fluoroscopy. One to
five Tru-Cut specimens were obtained by a sterilizable biopsy gun (Bard Magnum Biopsy
Instrument, Covington, GA, USA). In the case of difficult handling of the relatively heavy
sterilizable biopsy gun, semi-automatic disposable biopsy needles (Temno CareFusion
San Diego, CA, USA or Bard Mission Biopsy Instrument, Covington, GA, USA) were
used. The samples were sent to our local department of pathology for histological workup
after formalin fixation. Five to ten minutes after the procedure, an unenhanced CT was
obtained to examine the thorax and mediastinum, respectively, for active bleeding or other
complications.

2.4. Assessment of Technical Outcome and Complications

Two experienced interventional radiologists evaluated the technical success and com-
plications associated with CT fluoroscopy-guided mediastinal core needle biopsy in a
retrospective by a RIS/PACS database analysis of the pre- and post-interventional CT
scans, the CT fluoroscopic datasets and in the remaining medical records. The interven-
tional procedure was defined as primarily successful if at least one histological mediastinal
sample could be obtained. The cases in which a definite histopathological diagnosis of
the lesion could be determined were declared as diagnostically and clinically successful.
Samples including no organ tissue or regular mediastinal tissue were documented. These
cases were marked as technically successful but clinically unsuccessful.

Complications of the mediastinal core needle biopsy procedures were classified accord-
ing to SIR Standards of Practice Committee classification of complications by outcome [17].

2.5. Patient Radiation Dose

Patient radiation dose was calculated for every interventional procedure using the
dose-length product (DLP (mGy*cm)), documented by the CT unit as primary dosimetric
quantity data [18]. We evaluated the summarized DLP of the pre-interventional plan-
ning CT scan, the sum of all intra-interventional CT fluoroscopic acquisitions and of the
post-interventional control CT scan if performed. For each intervention, effective patient ra-
diation dose was calculated by following formula: E = DLP * t (effective dose = dose-length
product * tissue weighting factor). The tissue weighting factor for the thorax region was
defined as t = 0.017 [19]. This adjusted formula was utilized for evaluation of the effective
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dose for CT-fluoroscopy: E = DLP * k (k = 0.018) according to the computationally derived
model described in detail by Leng et al. [20].

2.6. Statistical Analysis

The descriptive statistics are provided as percentages and counts for categorical
variables, and by using the mean, standard deviation (SD), median and range for numeric
variables. Discrete and continuous data were initially assessed for normality using the
Shapiro–Wilk test. Based on these results variables DLP and Age are shown as the median
(25%-; 75%-quartiles).

Comparison between needle diameter, number of biopsies, patient positioning, tumor
entity and success of the intervention was performed with chi-square tests. Differences
of DLP between two time periods and between success rate as well as between age and
lesion size between success rate were assessed with Mann–Whitney-U-tests. Analysis
was performed in R (R Core Team (2020)). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. URL (https://www.
R-project.org/, accessed on 25 April 2021) with p < 0.05 indicating statistical significance.

3. Results
3.1. Patient Characteristics

Patient characteristics, distribution of biopsy localization in the mediastinum and
lesion size are summarized in Table 1. Mean diameter of the mediastinal lesion in the axial
CT slice was 6.0 ± 3.3 (range, 0.6–18.1 cm).

Table 1. Population characteristics in 148 patients having undergone CT-fluoroscopy-guided percuta-
neous core needle biopsy of mediastinal masses.

Variable Numbers (Percentage) Mean Value ± SD (Range)

Age (years) 54.7 ± 18.2 (20–89)
Sex

Female 63 (42.6)
Male 85 (57.4)

Lesion size (cm) 6.0 ± 3.3 (0.6–18.1)
Mediastinal localization

Anterior 114 (73.5)
Middle 17 (11)

Posterior 24 (15.5)

3.2. Intervention Characteristics

One hundred forty-one patients underwent only one interventional procedure. Due to
newly diagnosed lesions in the course of their disease or indefinite histopathologic results
of the biopsy, seven patients underwent two interventional procedures. The interventional
procedure was performed in supine position (n = 129), prone position (n = 22), right (n = 2)
and left lateral position (n = 2). Access path was parasternal (n = 82), paravertebral (n = 36),
in the thoracic anterior midline (n = 17) and through the lateral intercostal space (n = 20).

Mean DLP was 575.7 ± 488.8 mGy*cm, including the planning and control CT scan
and the intra-interventional CT fluoroscopy images. The mean effective patient dose was
9.9 ± 8.5 mSv.

The DLP divided into two time periods (first: March 2010-mid-April 2015; second:
mid-April 2015- June 2020) was significantly lower in the second time period than in the
first one (p = 0.004). A summary of the intervention characteristics can be found in Table 2.

https://www.R-project.org/
https://www.R-project.org/
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Table 2. Characteristics and technical outcome of CT-fluoroscopy-guided percutaneous core needle
biopsy of 155 mediastinal masses.

Variable Numbers (Percentage) Mean Value ± SD (Range)

Access path
Parasternal 82 (52.9)

Paravertebral 36 (23.2)
In the thoracic anterior

midline 17 (11)

Intercostal lateral 20 (12.9)
Needle diameter (G)

16 33 (21.3)
18 86 (55.5)

Not specified 36 (23.2)
Number of samples

1 41 (26.5)
2 51 (32.9)

More than 2 * 21 (13.5)
3 22 (14.2)
4 3 (1.9)
5 1 (0.6)

Not specified 16 (10.4)
Total effective radiation dose

(Total DLP, mGy*cm) 575.7 ± 488.8 (183–3811)

* Not exactly specified in the radiologic or pathologic report.

3.3. Technical Outcome and Complications

One hundred fifty-two of 155 interventional procedures (98%) were technically suc-
cessful in terms of histopathological evaluation of the tissue sample. In three cases, the
intervention had to be stopped without a successful biopsy because of following reasons:
incompliant patients (n = 2, due to the pronounced pain symptoms/restlessness, the inter-
vention was discontinued) and decision to cancel the biopsy due to safety reasons after
evaluation of the planning CT (n = 1, access path obviated by the internal thoracic artery
and vein).

One hundred thirty-six biopsies of the 152 technically successful samples resulted
in definite histopathological diagnosis, consistent with clinical success (89.5%). In the
remaining sixteen cases, no histopathological representative sample could be obtained. The
histopathological results of the specimen obtained by CT-fluoroscopy-guided percutaneous
core needle biopsy of mediastinal masses are summarized in Table 3.

A statistically significant correlation between number of biopsies and technical success
rate was demonstrated. With a sample number of two, more than two and three, the techni-
cal success rate was significantly higher than in the comparison categories (p < 0.0001). No
statistically significant associations were found between technical success rate and needle
diameter, patient positioning during the interventional procedure, DLP level, patient age,
lesion size, and lesion type (primary tumor vs. metastasis), respectively.

Two patients with a history of prior unsuccessful biopsy received another CT-guided
biopsy, which thereupon led to a successful tissue sampling. The remaining patients with
unsuccessful biopsies underwent a thoracoscopically-guided biopsy (n = 10), transbronchial
(n = 1) or transoesophageal biopsy (n = 1), mediastinoscopy-guided biopsy (n = 1) and
open surgical biopsy (n = 2) with successful tissue sampling, respectively.
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Table 3. Histologic results of 152 specimens obtained by CT-fluoroscopy-guided percutaneous core needle biopsy of
mediastinal masses.

Histopathology Number Percentage

Definite histopathologic diagnosis 136/152 89.5
Malignant lesions 115 75.7

Non-Hodgkin lymphoma 38 25
Bronchial carcinoma/metastasis 22 14.4

Hodgkin lymphoma 13 8.6
Sarcoma/metastasis 9 5.9
Malignant Thymoma 5 3.2

Extramedullary manifestation of AML/ALL/chloroma 5 3.2
Neuroendocrine tumor/metastasis 4 2.6

Breast cancer/metastasis 4 2.6
Carcinoma of unknown primary (CUP)/metastasis 4 2.6

Renal cell carcinoma/metastasis 3 2.0
Tonsil cancer/metastasis 1 0.7

Choriocarcinoma/metastasis 1 0.7
Oropharyngeal carcinoma/metastasis 1 0.7

Pancreatic carcinoma/metastasis 1 0.7
Stomach cancer/metastasis 1 0.7

Colon cancer/metastasis 1 0.7
Seminoma/metastasis 1 0.7

Non-seminomatous tumor/metastasis 1 0.7
Benign lesions 35 23

Benign Thymoma 11 7.2
Hematoma 7 4.5

Pericardial cyst/effusion 4 2.6
Thymus 4 2.6

Mediastinal inflammatory pseudotumor 2 1.3
Lymphadenitis 2 1.3

Lipoma 1 0.7
Struma 1 0.7

Sclerosing mediastinitis 1 0.7
Scar tissue 1 0.7

Schwannoma 1 0.7
Miscellaneous 2 1.3

Teratoma 2 1.3

One hundred thirty-five of 155 biopsies (87.1%) were performed without any compli-
cations. In 18 of the remaining procedures, minor complications occurred (11.6%). Fourteen
of those cases were minor self-limiting hematomas along the access path. Three cases were
minor pneumothoraces, evident in the post-interventional performed CT control scan. One
patient exhibited a mild skin rash after contrast agent injection.

Patient A (M, 47 years, needle diameter 18 G) and patient B (M, 54 years, needle
diameter 18 G): the post- interventional CT control scan revealed a small self-limiting
hemorrhage along the parasternal access path (Figure 1) and a small alveolar hemorrhage
after using a right paravertebral transpulmonary access (Figure 2).
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Figure 1. (a) A 65-year-old man with ill-defined paraaortic mediastinal mass (asterisk) and synchronous parailiac masses
(not shown). (b) CT fluoroscopy-guided right parasternal access using an 18-Gauge Tru-Cut biopsy needle. The right internal
mammary artery and vein are safely separated from the access trajectory by anterior mediastinal fat tissue. Histopathology
reveled a chronic fibrosing mediastinitis in line with an IgG4-related disease. (c) Unenhanced CT after the biopsy shows a
small self-limiting hemorrhage along the access path (arrow). (d) After six years and several doses of Rituximab, follow-up
PET-CT (fusion image) confirms a stable remission with a markedly reduced paraaortic mediastinal mass (SUVmax 3.5).

Patient C (M, 65 years, needle diameter 18 G) underwent a CT-guided biopsy of an
infracarinal lymph node. Post-interventional CT showed a small alveolar hemorrhage
along the access path and a discrete self-limiting pneumothorax (Figure 3).

One patient developed a mild contrast agent allergy, which manifested in a slight skin
rash. In this particular case, symptoms were controlled by anti-allergic medication.

Apart from that, none of these complications led to clinical consequences or prolonged
hospitalization.

In three patients (1.9%), major complications related to the CT-guided mediastinal
biopsy occurred which resulted in a major pneumothorax in all cases. In these cases, a
chest tube had to be placed for therapy. No correlation was found between needle size and
occurrence of complications. None of the patients had hemoptysis or major active bleeding
as a complication of the biopsy.

To avoid major complications like bleeding requiring transfusion, in several inter-
ventional procedures a safe access trajectory was created by injection of sterile saline in
order to widen the space between the planned access path and the adjacent arterial vessels
(Figure 4).
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Figure 2. (a) A 60-year-old man with a history of Diffuse Large B-Cell Lymphoma (DLBCL) and
missing response to CHOP chemotherapy. Unenhanced CT in prone position before biopsy shows
a large right mediastinal mass (asterisk). (b) Using a right paravertebral transpulmonary access
under CT fluoroscopy guidance, an 18-Gauge Tru-Cut biopsy needle is inserted into the mass.
Histopathology confirmed a DLBCL (germinal-center-b-cell-like type). (c) Unenhanced CT after the
biopsy depicts a small alveolar hemorrhage (arrow) without signs of a pneumothorax.

Figure 3. (a) A 48-year-old man evaluated for suspicion of lymphoma with marked mediastinal and
bilateral hilar lymphadenopathy. The infracarinal mediastinal lymph node bulk (asterisk) was chosen
for CT-guided biopsy after unsuccessful transbronchial fine-needle aspiration biopsy. (b) Using a right
paravertebral transpulmonary access under CT fluoroscopy guidance, an 18-Gauge Tru- Cut biopsy
needle (arrow) was inserted into the infracarinal lymph node. Histopathology revealed a granulomatous
lymphadenitis in line with sarcoidosis. (c) Unenhanced CT after the biopsy in supine position shows a
small alveolar hemorrhage along the access path (arrow) and a discrete pneumothorax.
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Figure 4. (a) A 48-year-old woman evaluated for suspicion of acute myeloid leukemia (AML) showing a left paraaortic
mediastinal mass (asterisk). (b) In order to widen the parasternal soft tissue and create a safe access trajectory, 20 mL of
sterile saline were injected into the parasternal fat tissue through a 22-Gauge fine needle (arrow). (c) Subsequently, an
18-Gauge Tru-Cut biopsy needle is safely inserted into the mass under CT fluoroscopy guidance. Histopathology confirmed
a myeloid blast proliferation in line with an AML.

3.4. Post-Procedural Morbidity and Mortality

In the 30-day post-interventional period, no patient had complications other than those
mentioned above or died attributable to the intervention. Due to rapid tumor progression,
three patients died in a time interval between four to twelve weeks after the interventional
procedure.

4. Discussion

In this study, technical outcome and diagnostic yield, as well as safety, of computed
tomographic fluoroscopy-guided percutaneous core needle biopsies of mediastinal masses
performed during a 10-year period at our center were investigated. A total amount of
155 procedures was evaluated which is one of the largest patient series analyzed so far;
136 interventions (89.1%) resulted in a definite histopathological result and diagnosis.
Three cases were technically unsuccessful, and in sixteen procedures, no representative
sample could be obtained. Most complications did not lead to further clinical consequences
for the patients. In three patients, major pneumothorax occurred requiring therapy by
a chest tube. With respect to technical success, diagnostic yield and complication rate
associated with CT fluoroscopy-guided percutaneous core needle biopsies of mediastinal
masses, our study agrees with other similar studies [3,5,6,11,12,14,21–30]. For instance, de
Margerie-Mellon et al. reported a technical success rate of 100% and a diagnostic yield
of 87% in 285 consecutive patients which is one of the largest studies on this subject. In
this study, the overall complication rate was 7% [11]. Jiao et al. reported a complication
rate of 5% [21]. Our higher complication rate (13.5%) might be explained by the fact that



Diagnostics 2021, 11, 781 10 of 12

small hematomas along the access path without clinical relevance were reported as minor
complications [16,17]. Furthermore, Jiao et al. reported on a relatively high success rate of
95.7% [26], as did Iguchi with a success rate of 97.2% [25]. Our lower success rate (89.5%)
can be explained by the fact that in our study the interventional procedure was recognized
as clinically successful not only if tissue was obtained but also if the specimen led to a
definitive histopathologic result, reflecting the most important outcome for determining
the correct treatment strategy. Remarkably, only 51 of 136 samples (37.5%) resulted in
histopathological diagnosis of malignant lymphoma (Table 3), the other samples reflected
a wide spectrum of metastasis, thymoma and benign lesions emphasizing the need for
histological confirmation prior to starting therapy in patients with mediastinal lesions.

Comparably to a recently published meta-analysis, we were able to confirm that
the diagnostic yield increases with an increasing number of biopsies (at least two to a
maximum of three specimens) and when performing the interventional procedure under
intermittent quick-check CT fluoroscopy [27].

Mediastinoscopy has long been one of the standard procedures for biopsy of mediasti-
nal masses and lymph node sampling in patients with lung cancer and is particularly useful
in patients who require multiple mediastinal nodes to be removed for accurate staging.
It enables the direct visualization and sampling of pretracheal, paratracheal and anterior
subcarinal lymph nodes and is said to provide a diagnosis in 83–89% of patients with lung
cancer [4,31]. The aortopulmonary, retrotracheal, posterior subcarinal, and inferior medi-
astinal lymph nodes, however, are not accessible with mediastinoscopy. Mediastinoscopy
also requires general anesthesia as well as an operation room and can be associated with se-
vere complications in 1 to 3% of patients including recurrent laryngeal nerve palsy (0.05%),
hemorrhage (0.32%), and tracheal injury (0.09%) [4,32]. In contrast, the rate of severe
complications was 1.9% after CT-fluoroscopy-guided biopsy in our study and between 0.4
and 2.9% in other comparable studies including mostly pneumothoraces [24,25,28].

Former studies on endobronchial ultrasound-guided biopsy (EBUS) of mediastinal
masses, performed during flexible bronchoscopy, reported a sensitivity for staging of
non-small lung cancer of 72% and a diagnostic yield of 91% [32]. This procedure can be
used to obtain fine needle aspirates (FNA) or small core samples from enlarged subcarinal
and paratracheal lymph nodes. An advantage of EBUS-FNA compared to CT-guided
procedures is the missing radiation exposure to patients and medical staff and a very low
complication rate of 0.05% [32]. However, major limitations of this approach are the lack of
accessibility to anterior lymph nodes, including those in the pretracheal and upper right
paratracheal regions, due to the interposition of the air-filled trachea, as well as the need
for sedation.

In our patient series, biopsy of mediastinal masses was performed under intermittent
quick-check CT fluoroscopic acquisitions, using low-milliampere CT fluoroscopy (with a
tube current-time product of 10 mAs) which decreases patient radiation dose and total
procedure time [33,34]. The observed patient radiation exposures due to pre- and postin-
terventional CT as well as intra-interventional CT fluoroscopy are slightly lower than
the results reported for CT drainage procedures by Kloeckner and colleagues (present
study: mean DLPtotal = 575 mGy*cm; Kloeckner: mean DLPtotal = 724 mGy*cm) [18].
As stated by the authors, the use of single-slice CT fluoroscopy (in our setting the in-
termittent quick-check CT fluoroscopy) significantly reduces radiation exposure, while
continuous (real-time) CT fluoroscopy is required only when inserting biopsy needles,
drains or ablation probes for lesions that are not easily accessible [34].

In addition, the procedure must be performed by an experienced interventional
radiologist (IR) to ensure a high-quality biopsy including a lower radiation dose compared
to a less experienced IR which is consistent with the results of our study. In this study, up to
three different experienced, board-certified interventional radiologists with at least 5 years
of experience performed the intervention. A multi-professional backup team, consisting
of surgery, anesthesiology and intensive care units, is also essential in the event of major
complications [17].
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Our analysis is characterized by several limitations. Firstly, our data are based on
a retrospective single-center analysis. Secondly, we did not compare intermittent quick-
check CT fluoroscopy against standard CT-guidance or continuous real time fluoroscopy,
particularly with regard to radiation exposure. Finally, the heterogeneous cohort of patient’s
diseases and therefore various tumor histopathologies, location of mediastinal masses and
relatively small sample size are additional limitations of our study.

5. Conclusions

In conclusion, we have shown that CT fluoroscopy-guided core needle biopsy of
mediastinal masses is effective, safe and minimally invasive and therefore represents a
reliable alternative to endosonographic, transbronchial, mediastinoscopic or surgical tissue
sampling. Furthermore, CT fluoroscopy-guided core needle biopsy is a complementary
method after frustraneous bronchoscopic fine needle sampling. The procedure could allow
a definitive histopathological diagnosis to be obtained early, thereby reducing the time to
start treatment in patients with malignancies. Further prospective studies need to define
the exact role and indications for CT-guided core needle biopsy compared to alternative
invasive, image-guided and endoscopic methods.

Author Contributions: Conceptualization—C.B., C.G.T. and T.L.; methodology—C.G.T., E.N., D.C.
and G.N.d.F.; software—J.D. and C.B.; validation—C.G.T., T.L. and E.N.; formal analysis—D.C.;
investigation—G.N.d.F. and J.D.; data curation—C.G.T., C.B. and R.S.; writing—original draft
preparation, C.B., T.L. and C.G.T.; writing—review and editing, C.B., R.S., T.L., G.N.d.F., C.G.T.;
supervision—E.N., D.C. and C.G.T. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Medical Faculty, University
Hospital, LMU Munich, Munich, Germany.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: The data presented in this study are available upon reasonable request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Detterbeck, F.C.; Zeeshan, A. Thymoma: Current diagnosis and treatment. Chin. Med. J. 2013, 126, 2186–2191.
2. Date, H. Diagnostic Strategies for Mediastinal Tumors and Cysts. Thorac. Surg. Clin. 2009, 19, 29–35. [CrossRef]
3. Garnon, J.; Ramamurthy, N.; Caudrelie J, J.; Erceg, G.; Breton, E.; Tsoumakidou, G.; Rao, P.; Gangi, A. MRI-Guided Percutaneous

Biopsy of Mediastinal Masses Using a Large Bore Magnet: Technical Feasibility. Cardiovasc. Interv. Radiol. 2015, 39, 761–767.
[CrossRef] [PubMed]

4. Gupta, S.; Seaberg, K.; Wallace, M.J.; Madoff, D.C.; Morello, F.A.; Ahrar, K.; Murthy, R.; Hicks, M.E. Imaging-guided Percutaneous
Biopsy of Mediastinal Lesions: Different Approaches and Anatomic Considerations. Radiographics 2005, 25, 763–786. [CrossRef]
[PubMed]

5. Roy, D.; Thakur, M.H.; Kulkarni, S.; Kulkarni, A. Percutaneous computed tomography-guided core biopsy for the diagnosis of
mediastinal masses. Ann. Thorac. Med. 2008, 3, 13–7. [CrossRef] [PubMed]

6. Petranovic, M.; Gilman, M.D.; Muniappan, A.; Hasserjian, R.P.; Digumarthy, S.R.; Muse, V.V.; Sharma, A.; Shepard, J.-A.O.; Wu,
C.C. Diagnostic Yield of CT-Guided Percutaneous Transthoracic Needle Biopsy for Diagnosis of Anterior Mediastinal Masses.
Am. J. Roentgenol. 2015, 205, 774–779. [CrossRef] [PubMed]

7. Protopapas, Z.; Westcott, J.L. Transthoracic hilar and mediastinal biopsy. Radiol. Clin. N. Am. 2000, 38, 281–91. [CrossRef]
8. Capalbo, E.; Peli, M.; Lovisatti, M.; Cosentino, M.; Mariani, P.; Berti, E.; Cariati, M. Trans-thoracic biopsy of lung lesions: FNAB or

CNB? Our experience and review of the literature. La Radiol. Med. 2014, 119, 572–594. [CrossRef] [PubMed]
9. Priola, A.M.; Cataldi, A.; Ferrero, B.; Garofalo, G.; Errico, L.; Marci, V.; Fava, C. CT-guided percutaneous transthoracic biopsy in

the diagnosis of mediastinal masses: evaluation of 73 procedures. La Radiol. Med. 2008, 113, 3–15. [CrossRef] [PubMed]
10. Sarti, M.; Brehmer, W.P.; Gay, S.B. Low-Dose Techniques in CT-guided Interventions. Radiographics 2012, 32, 1109–1119. [CrossRef]

http://doi.org/10.1016/j.thorsurg.2008.09.001
http://doi.org/10.1007/s00270-015-1246-5
http://www.ncbi.nlm.nih.gov/pubmed/26604114
http://doi.org/10.1148/rg.253045030
http://www.ncbi.nlm.nih.gov/pubmed/15888624
http://doi.org/10.4103/1817-1737.37948
http://www.ncbi.nlm.nih.gov/pubmed/19561877
http://doi.org/10.2214/AJR.15.14442
http://www.ncbi.nlm.nih.gov/pubmed/26397325
http://doi.org/10.1016/S0033-8389(05)70163-9
http://doi.org/10.1007/s11547-013-0360-1
http://www.ncbi.nlm.nih.gov/pubmed/24297594
http://doi.org/10.1007/s11547-008-0233-1
http://www.ncbi.nlm.nih.gov/pubmed/18338123
http://doi.org/10.1148/rg.324115072


Diagnostics 2021, 11, 781 12 of 12

11. de Margerie-Mellon, C.; de Bazelaire, C.; Amorim, S.; Brice, P.; Tazi, A.; Brière, J.; Frija, J.; de Kerviler, E. Diagnostic Yield and
Safety of Computed Tomography–guided Mediastinal Core Needle Biopsies. J. Thorac. Imaging 2015, 30, 319–327. [CrossRef]

12. Floridi, C.; Reginelli, A.; Capasso, R.; Fumarola, E.; Pesapane, F.; Barile, A.; Zappia, M.; Caranci, F.; Brunese, L. Percutaneous
needle biopsy of mediastinal masses under C-arm conebeam CT guidance: diagnostic performance and safety. Med. Oncol. 2017,
34, 77. [CrossRef]

13. Kim, H.; Park, C.M.; Lee, S.M.; Goo, J.M. C-Arm Cone-Beam CT Virtual Navigation-Guided Percutaneous Mediastinal Mass
Biopsy: Diagnostic Accuracy and Complications. Eur. Radiol. 2015, 25, 3508–3517. [CrossRef] [PubMed]

14. Sklair-Levy, M.; Polliack, A.; Shaham, D.; Applbaum, Y.H.; Gillis, S.; Ben-Yehuda, D.; Sherman, Y.; Libson, E. CT-guided
core-needle biopsy in the diagnosis of mediastinal lymphoma. Eur. Radiol. 2000, 10, 714–718. [CrossRef] [PubMed]

15. Zinzani, P.L.; Corneli, G.; Cancellieri, A.; Magagnoli, M.; Lacava, N.; Gherlinzoni, F.; Bendandi, M.; Albertini, P.; Baruzzi, G.; Tura,
S.; et al. Core needle biopsy is effective in the initial diagnosis of mediastinal lymphoma. Haematologica 1999, 84, 600–603.

16. Veltri, A.; Bargellini, I.; Giorgi, L.; Almeida, P.A.M.S.; Akhan, O. CIRSE Guidelines on Percutaneous Needle Biopsy (PNB).
Cardiovasc. Interv. Radiol. 2017, 40, 1501–1513. [CrossRef]

17. Gupta, S.; Wallace, M.J.; Cardella, J.F.; Kundu, S.; Miller, D.L.; Rose, S.C. Quality Improvement Guidelines for Percutaneous
Needle Biopsy. J. Vasc. Interv. Radiol. 2010, 21, 969–975. [CrossRef]

18. Kloeckner, R.; dos Santos, D.P.; Schneider, J.; Kara, L.; Dueber, C.; Pitton, M.B. Radiation exposure in CT-guided interventions.
Eur. J. Radiol. 2013, 82, 2253–2257. [CrossRef] [PubMed]

19. Deak, P.D.; Smal, Y.; Kalender, W.A. Multisection CT Protocols: Sex- and Age-specific Conversion Factors Used to Determine
Effective Dose from Dose-Length Product. Radiology 2010, 257, 158–166. [CrossRef]

20. Leng, S.; Christner, J.A.; Carlson, S.K.; Jacobsen, M.; Vrieze, T.J.; Atwell, T.D.; McCollough, C.H. Radiation Dose Levels for
Interventional CT Procedures. Am. J. Roentgenol. 2011, 197, W97–W103. [CrossRef]

21. Azrumelashvili, T.; Mizandari, M.; Magalashvili, D.; Dundua, T. Imaging guided mediastinal percutaneal core biopsy–technique
and complications. Georgian Med. News 2015, 242, 24–34.

22. Bressler, E.L.; A Kirkham, J. Mediastinal masses: alternative approaches to CT-guided needle biopsy. Radiology 1994, 191, 391–396.
[CrossRef]

23. De Farias, A.P.; Deheinzelin, D.; Younes, R.N.; Chojniak, R. Computed tomography-guided biopsy of mediastinal lesions: fine
versus cutting needles. Revista Hospital Clínicas 2003, 58, 69–74. [CrossRef] [PubMed]

24. Greif, J.; Staroselsky, A.N.; Gernjac, M.; Schwarz, Y.; Marmur, S.; Perlsman, M.; Yellin, A. Percutaneous core needle biopsy in the
diagnosis of mediastinal tumors. Lung Cancer 1999, 25, 169–173. [CrossRef]

25. Iguchi, T.; Hiraki, T.; Matsui, Y.; Fujiwara, H.; Sakurai, J.; Masaoka, Y.; Uka, M.; Tanaka, T.; Gobara, H.; Kanazawa, S. CT
fluoroscopy-guided core needle biopsy of anterior mediastinal masses. Diagn. Interv. Imaging 2018, 99, 91–97. [CrossRef]

26. Jiao, D.; Huang, K.; Wu, G.; Wang, Y.; Han, X. Flat detector cone-beam CT-guided percutaneous needle biopsy of mediastinal
lesions: preliminary experience. La Radiol. Med. 2016, 121, 769–779. [CrossRef]

27. Na Lee, H.; Yun, S.J.; Kim, J.I.; Ryu, C.-W. Diagnostic outcome and safety of CT-guided core needle biopsy for mediastinal masses:
a systematic review and meta-analysis. Eur. Radiol. 2019, 30, 588–599. [CrossRef] [PubMed]

28. Neyaz, Z.; Lal, H.; Thakral, A.; Nath, A.; Rao, R.N.; Verma, R. Percutaneous computed tomography-guided aspiration and biopsy
of intrathoracic lesions: Results of 265 procedures. Lung India 2016, 33, 620–625. [CrossRef] [PubMed]

29. Rabbani, M.; Sarrami, A.H. Computed tomography-guided percutaneous core needle biopsy for diagnosis of mediastinal mass
lesions: Experience with 110 cases in two university hospitals in Isfahan, Iran. Adv. Biomed. Res. 2016, 5, 152. [CrossRef]

30. Yokoyama, K.; Ikeda, O.; Kawanaka, K.; Nakasone, Y.; Tamura, Y.; Inoue, S.; Sakamoto, F.; Yoshida, M.; Shiraishi, S.; Yamashita, Y.
Comparison of CT-Guided Percutaneous Biopsy with and Without Registration of Prior PET/CT Images to Diagnose Mediastinal
Tumors. Cardiovasc. Interv. Radiol. 2013, 37, 1306–1311. [CrossRef] [PubMed]

31. Toloza, E.M.; Harpole, L.; Detterbeck, F.; McCrory, D.C. Invasive Staging of Non-small Cell Lung Cancer: A review of the current
evidence. Chest 2003, 123, 157S–166S. [CrossRef] [PubMed]

32. Hegde, P.V.; Liberman, M. Mediastinal Staging. Thorac. Surg. Clin. 2016, 26, 243–249. [CrossRef] [PubMed]
33. Carlson, S.K.; Bender, C.E.; Classic, K.L.; Zink, F.E.; Quam, J.P.; Ward, E.M.; Oberg, A.L. Benefits and Safety of CT Fluoroscopy in

Interventional Radiologic Procedures. Radiology 2001, 219, 515–520. [CrossRef] [PubMed]
34. Paprottka, P.; Helmberger, T.; Reiser, M.; Trumm, C. CT-Steuerung. Der Radiol. 2013, 53, 974–985. [CrossRef] [PubMed]

http://doi.org/10.1097/RTI.0000000000000160
http://doi.org/10.1007/s12032-017-0911-8
http://doi.org/10.1007/s00330-015-3762-8
http://www.ncbi.nlm.nih.gov/pubmed/25916390
http://doi.org/10.1007/s003300050991
http://www.ncbi.nlm.nih.gov/pubmed/10823620
http://doi.org/10.1007/s00270-017-1658-5
http://doi.org/10.1016/j.jvir.2010.01.011
http://doi.org/10.1016/j.ejrad.2013.08.035
http://www.ncbi.nlm.nih.gov/pubmed/24050880
http://doi.org/10.1148/radiol.10100047
http://doi.org/10.2214/AJR.10.5057
http://doi.org/10.1148/radiology.191.2.8153311
http://doi.org/10.1590/S0041-87812003000200003
http://www.ncbi.nlm.nih.gov/pubmed/12845358
http://doi.org/10.1016/S0169-5002(99)00053-7
http://doi.org/10.1016/j.diii.2017.10.007
http://doi.org/10.1007/s11547-016-0660-3
http://doi.org/10.1007/s00330-019-06377-4
http://www.ncbi.nlm.nih.gov/pubmed/31418086
http://doi.org/10.4103/0970-2113.192863
http://www.ncbi.nlm.nih.gov/pubmed/27890990
http://doi.org/10.4103/2277-9175.188939
http://doi.org/10.1007/s00270-013-0793-x
http://www.ncbi.nlm.nih.gov/pubmed/24263776
http://doi.org/10.1378/chest.123.1_suppl.157S
http://www.ncbi.nlm.nih.gov/pubmed/12527575
http://doi.org/10.1016/j.thorsurg.2016.04.005
http://www.ncbi.nlm.nih.gov/pubmed/27427519
http://doi.org/10.1148/radiology.219.2.r01ma41515
http://www.ncbi.nlm.nih.gov/pubmed/11323481
http://doi.org/10.1007/s00117-012-2460-7
http://www.ncbi.nlm.nih.gov/pubmed/24231823

	Introduction 
	Materials and Methods 
	Study Population 
	Peri-Interventional Imaging and Image Guidance 
	Procedure 
	Assessment of Technical Outcome and Complications 
	Patient Radiation Dose 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Intervention Characteristics 
	Technical Outcome and Complications 
	Post-Procedural Morbidity and Mortality 

	Discussion 
	Conclusions 
	References

