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Abstract

Objective: To retrospectively evaluate the safety and efficacy of percutaneous image-guided mediastinal
mass core-needle biopsy.
Patients and Methods: Retrospective review of an institutionally maintained biopsy registry identified
337 computed tomographye or ultrasound-guided percutaneous mediastinal mass core needle biopsies
between October 2002 and August 2017 in a single quaternary referral center. Mean patient age was 51
(range, 18 to 93) years. Procedural techniques, anticoagulation/antiplatelet therapy, and tumor anatomical
characteristics were reviewed. Classification and gradation of complications was based on the Clavien-
Dindo system. Diagnostic yield was defined as the ratio of diagnostic biopsy to all biopsies performed.
Results: Mean tumor size was 59.2 (range, 10 to 180) mm with 89.9% (n¼303) of lesions located in the
prevascular (anterior) mediastinum. There was a single major complication (0.3%) of a symptomatic
pneumothorax requiring intervention. There were seven (2.1%) minor complications, including three
bleeding complications. A transpleural approach was the only variable associated with an increased
complication rate (P<.01). Forty-one (12.2%) patients had a biopsy performed while taking an anti-
platelet/anticoagulant agent within the therapeutic window, with a single case (0.3%) associated with a
minor bleeding complication. Of 18 (5.3%) procedures performed without cessation of anticoagulant/
antiplatelet therapy, there were no bleeding complications. Of all 337 biopsies, 322 (95.5%) were
diagnostic. None of the analyzed variables were significantly associated with a nondiagnostic biopsy.
Conclusion: Image-guided percutaneous core-needle biopsy of mediastinal masses is a safe procedure
with high diagnostic yield. Further prospective studies are required to assess the complication profile in
higher risk patients.
ª 2021 THEAUTHORS. PublishedbyElsevier Inc onbehalf ofMayoFoundation forMedical Education andResearch. This is anopenaccess article under
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T he mediastinum is a soft tissue divi-
sion between the two pleural sacs,
densely populated with many vascular

and neurological structures. Masses, when they
arise within this space, may relate to malignant
conditions such as lymphoma, invading lung
cancer, thymic neoplasm, metastatic disease,
or nonmalignant conditions such as infectious
or granulomatous disease and benign
neoplastic lesions.1 Image-guided percutaneous
mediastinal biopsy allows three-dimensional
appreciation of the biopsy field and real-time
or near real-time confirmation of biopsy tract.
Mayo Clin Proc Inn Qual Out n XXX 2021;5(
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Computed tomography (CT)e and ultrasound
(US)eguided approaches have both demon-
strated excellent efficacy and safety profiles in
attaining adequate tissue volume.1-5

Percutaneous image-guided biopsy of
mediastinal masses shows high diagnostic accu-
racy combined with minimal patient sedation
and low cost when compared to other more
invasive approaches.6,7 Reported complications
include pneumomediastinum, pneumothorax,
and bleeding complications such as hemopty-
sis, hemothorax, and hematoma formation.1,6,8

Complication rates in CT-guided procedures
6):1100-1108 n https://doi.org/10.1016/j.mayocpiqo.2021.09.006
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SAFETY AND EFFICACY OF PERCUTANEOUS MEDIASTINAL MASS BIOPSY
range from 4% to 17% with a diagnostic yield
ranging from 74% to 96%.1,4,9-12 In studies
assessing the US-guided approach, there were
no reported complications with a diagnostic
yield of 80% to 89%.3,13,14

The management of anticoagulant and anti-
platelet medications, in particular aspirin,
when considering percutaneous biopsy is widely
debated. It is claimed that cessation may be
unnecessary for many percutaneous organ
biopsies15,16; however, there are conflicting
studies demonstrating an increase in bleeding
complications related to periprocedural use.17

The Society of Interventional Radiology (SIR) of-
fers guidance for periprocedural management of
coagulation status and hemostasis risk in percu-
taneous image-guided interventions with vary-
ing recommendations depending on the type
of anticoagulant or antiplatelet agent and the
procedure involved.18 However, this bleeding
risk must be balanced with the possible implica-
tions of medication withdrawald in particular,
the risk of cardiovascular events and peripheral
ischemia.19

Our aim was to evaluate US- and CT-
guided mediastinal biopsies performed in a
single center over a 15-year period and to
assess the factors which may alter the compli-
cation rate and diagnostic yield.

PATIENTS AND METHODS
Ethical approval was attained from the Institu-
tional Review Board with consent waived. This
single-center study was compliant with the
Health Insurance Portability and Account-
ability Act.

Patients
This was a retrospective study, assessing
percutaneous image-guided mediastinal core-
needle biopsies (CNBs) performed between
October 2002 and August 2017 in a single ac-
ademic quaternary referral center, reviewing
data from an institutional biopsy database
and review of patient medical records. Adult
patients (�18 years old) were included who
had undergone a percutaneous US-guided or
CT-guided biopsy of a mediastinal mass or
lymph node. Only patients who had con-
sented to the retrospective use of medical re-
cords for research purposes were included.
Exclusion criteria also included patients who
only underwent lesion fine-needle aspiration
Mayo Clin Proc Inn Qual Out n XXX 2021;5(6):1100-1108 n https://
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without CNB or biopsy performed in pediatric
patients (<18 years old).

Data were entered into the radiology
department biopsy database at the time of bi-
opsy and included information on patient de-
mographics, biopsy technique, periprocedural
medications, standard laboratory values, and
presence of postprocedure complications. In
particular, antiplatelet and anticoagulant med-
ications such as aspirin (81 mg and 325 mg,
respectively), warfarin, clopidogrel, intrave-
nous heparin, and subcutaneous heparin
were included in the database. The novel anti-
coagulants were not included during data
accrual. The anatomical location of the lesion
was based on the three-compartment CT
model developed by the International Thymic
Malignancy Interest Group which divides the
mediastinum into prevascular (anterior),
visceral (middle), and paravertebral (posterior)
compartments.20 The final study cohort
comprised 318 patients who underwent 337
biopsy procedures during the study period.
Demographic information is included in
Table 1. Mean age of the cohort was 50.6
(range, 18 to 93) years with almost identical
female-to-male ratio of 166:171
(49.3%:50.7%).
Biopsy Technique
Image-guided biopsy was either performed or
supervised by a fellowship-trained staff radiol-
ogist. The median experience of the perform-
ing radiologist was 10 years with a range of
3 to 30 years. Image guidance technique, bi-
opsy route, and biopsy device were selected
at the discretion of the performing radiologist.

Preprocedural coagulation profile consist-
ing of an international normalized ratio
(INR) and platelet count was obtained based
on patient screening criteria as per institu-
tional protocol. Standard prebiopsy target pa-
rameters included an INR of less than or equal
to 1.6 and platelet count greater than 50�109/
L. Patients were advised to remain off anti-
platelet and anticoagulation medication before
biopsy for a defined length based on SIR
guidelines.21,22 Deviation from protocol was
not a contraindication to biopsy as the ulti-
mate decision was made following discussion
between the referring provider and the radiol-
ogist performing the procedure.
doi.org/10.1016/j.mayocpiqo.2021.09.006 1101
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TABLE 1. Subject Demographics, Tumor Characteristics, and Procedural
Informationa,b

Mean age (range), years 51�18.9 (18 to 93)

Sex
Male 171 (50.7)
Female 166 (49.3)

Site of tumor
Anterior 303 (89.9)
Middle 9 (2.7)
Posterior 25 (7.4)

Mean tumor size (range), mm 59.2�33.8 (10 to 180)

Tumor pathology
Benign 63 (18.7)
Primary mediastinal malignancy 26 (7.7)
Lymphoma 136 (40.4)
Metastatic 97 (28.8)
Nondiagnostic 15 (4.5)

Modality
CT 323 (95.5)
US 14 (4.5)

Route
Parasternal 267 (79.2)
Trans-sternal 22 (6.5)
Transpleural 19 (5.6)
Paraspinal 29 (8.6)

Mean (range) number of passes 5�2.5 (1 - 14)

Introducer needle
Yes 325 (96.4)
No 12 (3.6)

Gauge
16G 11 (3.3)
18G 236 (70.0)
20G 90 (26.7)

aCT, computed tomography; US, ultrasound.
bValues shown are n (%) or mean (range) as appropriate.
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Seventy-nine patients were on some form
of anticoagulation or antiplatelet medication
in the 30 days before biopsy (23.4%), with
16 (4.7%) patients on multiple medications.
This comprised 29 (8.6%) patients on 81-mg
aspirin dose, 20 on 325-mg aspirin dose
(5.9%), 16 on warfarin (4.7%), two on clopi-
dogrel (0.6%), 13 on intravenous Heparin
(3.9%), and 11 on subcutaneous heparin
(3.3%). All medications were stopped within
the recommended therapeutic efficacy time
frame before biopsy except for 41 patients
(12.2%). Of these 41 patients, 23 (56.1%)
were taking aspirin 81 mg, 16 (39.0%) were
taking aspirin 325 mg, and two (4.9%) were
taking a prophylactic dose of subcutaneous
Mayo Clin Proc Inn Qual Out n XXX 2021;5(
heparin. Of this subgroup, 18 procedures
were performed in patients who had not
stopped taking their medication with 6
(33.3%) taking 81 mg aspirin, 10 (55.6%) tak-
ing 325 mg aspirin, and 2 (11.1%) taking sub-
cutaneous heparin at the time of biopsy
procedure.

Biopsies were performed using sterile tech-
nique either under fluoroscopic CT guidance
(GE LightSpeed 16-slice scanner GE Health-
care, Waukesha, Wisconsin) or ultrasound
guidance (GE Logiq E9 system, GE Health-
care, Waukesha, WI). Local anesthesia in the
form of 1% lidocaine was invariably used,
with or without monitored moderate sedation
with fentanyl and midazolam. A coaxial tech-
nique was used to perform all CT-guided bi-
opsies. An introducer needle was not
typically used for US-guided biopsies as the
introduction of air can possibly lead to
decreased target lesion visibility. A spring-
loaded, side-cutting biopsy device was used,
offered in a variety of gauges (Bard Monopty,
Bard Medical, Covington, GA). Biopsy route
was classified as either parasternal, paraspinal,
trans-sternal, or transpleural if a portion of
lung parenchyma was transgressed. The use
of tract embolization was not standard practice
in the department. A cytopathologist was not
routinely present for the biopsy, with samples
submitted for both cytology and pathology
analysis as per institution protocol. Post-
biopsy, patients were observed for a minimum
of 2 hours postprocedure in the outpatient
radiology recovery area. As per departmental
protocol, a chest radiograph was requested
for 1-hour postbiopsy to assess for potential
complications. Additional imaging or investi-
gations were performed depending on post-
procedure symptoms.

Complication Rate
Complications were identified and classified as
minor or major based on the definitions of the
Clavien-Dindo system.23 This scale consists of
seven grades with minor complications classi-
fied as grade I (any deviation from the normal
postoperative course not requiring surgical,
endoscopic, or radiological intervention), grade
II (complications requiring drug treatments
other than those allowed for grade I complica-
tions), and grade IIIa/b (major complications
requiring surgical, endoscopic, or radiological
6):1100-1108 n https://doi.org/10.1016/j.mayocpiqo.2021.09.006
www.mcpiqojournal.org
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TABLE 2. Complication Rates Depending on Subject and Procedure Variables (N¼337)a,b,c

Variable Complication (8) No complication (329) P

Age, years 60.6�17.9 50.6�18.8 .13

Platelets, �109/L 337.3�163.1 282.0�110.7 .41

INR 1.1�0.1 1.1�0.1 .26

Number of passes 4.0�1.5 5.3�2.5 .15

Dimensions, mm 56.0�36.9 59.3�33.8 .71

Hypertension, 105 (31.2) 4 (1.2) 101 (29.9) .22

Modality
US 14 (4.2) 0 14 .71
CT 323 (95.8) 8 315

Route
Parasternal 267 (79.2) 4 263 <.01
Trans-sternal 22 (6.5) 0 22
Transpleural 19 (5.6) 4 15
Paraspinal 29 (8.6) 0 29

Introducer needle, 325 (96) 8 317 .75

Cutting needle size, G .85
16 11 (3.3) 0 11
18 236 (70.0) 6 230
20 90 (26.7) 2 88

Anticoagulation in 1 month prior, 79 (23.4) 1 78 .89
Discontinued as per protocol, 38 (11.3) 0 38 1.00
Discontinued in therapeutic window, 23 (6.8) 1 22 .44
Not discontinued, 18 (5.3) 0 18 1.00

aCT, computed tomography; INR, international normalized ratio; US, ultrasound.
bSeven minor and one major complication.
cValues presented are mean � SD or n (%) as appropriate.

SAFETY AND EFFICACY OF PERCUTANEOUS MEDIASTINAL MASS BIOPSY
intervention), grade IVa/b (life-threatening
complications), or grade V (death).

Information on postprocedure complica-
tions was accrued via telephone conversations
from a dedicated radiology registered nurse in
the 24 to 72 hours following biopsy using a
standardized format. Further information to
identify any delayed complication was ob-
tained by review of the patient’s electronic
medical record by one of two investigators. If
a discrepancy arose as to the presence of a
postbiopsy complication, consensus was
achieved by review of the patient’s electronic
medical record by an additional investigator.

Diagnostic Yield
Based on the findings of a fellowship-trained
pathologist, each biopsy was classified as
either diagnostic for malignancy, benign, or
nondiagnostic. Patients were followed for 1
year to ensure a benign biopsy result was cor-
rect. Nondiagnostic studies were classified as
Mayo Clin Proc Inn Qual Out n XXX 2021;5(6):1100-1108 n https://
www.mcpiqojournal.org
such based on the absence of adequate tissue
for a diagnosis or if a prior benign result was
deemed inaccurate on follow-up imaging or
biopsy. Diagnostic yield was defined as the ra-
tio of a diagnostic biopsy to all biopsies
performed.

Statistical Analysis
Descriptive statistics are reported for subject
demographics, diagnostic yield, and complica-
tion rate as numbers and percentages with
means and standard deviations. All continuous
variables were compared between the bleeding
and nonbleeding groups by the Kruskal-Wallis
test. Categorical variables were compared us-
ing the c2 test and Fisher exact test for any
n less than 5 variables. A P less than .05 was
considered statistically significant. A P less
than .05 was considered statistically signifi-
cant. All statistical analyses were completed
using Jmp software (JMP, version 13, SAS
institute Inc, Cary, NC).
doi.org/10.1016/j.mayocpiqo.2021.09.006 1103
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RESULTS
Of the 337 mediastinal mass biopsies, the tar-
geted mass was most commonly located in the
prevascular (anterior) mediastinum (n¼303
procedures; 89.9%), with CT imaging guid-
ance most frequently used (n¼322 proced-
ures; 95.5%). Mean tumor axial diameter
was 59.2 (range, 10 to 180) mm. A parasternal
approach without crossing pleura was most
used, occurring in 267 (79.2%) procedures.
There were 106 patients classified as hyperten-
sive during the periprocedural period (31.5%).
Of the diagnostic biopsies (n¼322), pathology
revealed 63 patients (19.5%) with benign tis-
sue, 26 patients (8.1%) with primary medias-
tinal malignancy, 136 patients (42.2%) with
lymphoma, and 97 patients (30.1%) with met-
astatic disease (Table 1).
Complication Rate
There were eight patients (2.4 %) who
encountered a complication following biopsy,
comprising seven (2.1%) minor complications
and a single (0.3%) major complication
(Tables 2 and 3). Of these, five patients
(1.5%) had a pneumothorax and three
patients (0.9%) had a minor bleeding compli-
cation. No subject encountered a pneumome-
diastinum. The single major complication
occurred in a 79-year-old male subject who
developed a symptomatic moderate-sized
pneumothorax following biopsy of a prevascu-
lar (anterior) mediastinal mass using a trans-
pleural approach (Figure). This required the
insertion of a chest tube and a 2-day admis-
sion for observation and management. The
other four pneumothoraces were small,
requiring no further intervention, and patients
were discharged on the same day as the
procedure.

The only variable associated with increased
risk of a complication was transpleural
approach (P<.01). Of the five pneumothora-
ces, four were using transpleural approach,
with the other using the parasternal approach.

Three patients developed minor bleeding
complications, none of whom required radio-
logic or surgical intervention. A single 80-
year-old patient required overnight admission
for observation and analgesia after developing
a hematoma subsequent to biopsy of a 19-mm
pericardiophrenic lymph node. The patient
6):1100-1108 n https://doi.org/10.1016/j.mayocpiqo.2021.09.006
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FIGURE. Major complication of a large pneumothorax following biopsy of a prevascular mass (arrow) in a
78-year-old male patient with subsequent diagnosis of thymoma. A,B Contrast enhanced computed
tomography (CT) showing infiltrative prevascular mediastinal mass in both lung and soft tissue windows in
patient status post median sternotomy. C, CT image showing transpleural pathway of biopsy needle. D,
CT shows postbiopsy symptomatic moderate-sized pneumothorax requiring chest tube insertion.

SAFETY AND EFFICACY OF PERCUTANEOUS MEDIASTINAL MASS BIOPSY
was discharged the following day with a stable
hemoglobin level. This patient had discontin-
ued aspirin (325 mg) therapy 4 days before bi-
opsy. The patient had also been receiving
warfarin therapy, which was also discontinued
4 days before biopsy with an INR of 1.2 at the
time of biopsy.

All patients who had a history of anti-
platelet/anticoagulation use did not show a
significantly higher complication rate
(n¼79, P¼.89) (Table 2). Of the 41
(12.2%) patients who were taking an antico-
agulant/antiplatelet agent within the thera-
peutic window, there was only a single
minor bleeding complication. Of 18 (5%) pa-
tients for whom a biopsy was performed
without cessation of this agent, there were
no bleeding complications.
Mayo Clin Proc Inn Qual Out n XXX 2021;5(6):1100-1108 n https://
www.mcpiqojournal.org
Mean INR of the patients with bleeding
complications was 1.07 (SD, 0.09) versus
1.05 (SD, 0.13) in patients without. There
were only two patients with a supratherapeutic
INR at the time of procedure (both with values
of 1.7); neither of these patients encountered a
complication. Only two patients required an
intervention to improve coagulation profile;
with the administration of platelets and
vitamin K before the procedure, neither of
these patients encountered a complication.

Diagnostic Yield
There were 322 patients (95.5%) with an
adequate diagnostic biopsy. Of the 15 non-
diagnostic biopsies, 10 were ultimately found
to have a malignant etiology on repeat biopsy,
surgical removal, or clinical progression.
doi.org/10.1016/j.mayocpiqo.2021.09.006 1105
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TABLE 4. Effect of Subject and Procedure Variables on Diagnostic Yielda

Diagnostic (322) Nondiagnostic (15) P

Age, years 51�19.1 44�12.4 .12

Dimensions, mm 59.5�34.2 52.1�25.9 .41

Modality
US 14 0 .41
CT 308 15

Route
Parasternal 253 14 .42
Trans-sternal 22 0
Transpleural 18 1
Paraspinal 29 0

Introducer needle
Yes 310 15 .45
No 12 0

Cutting needle size, G
16 11 0 .18
18 228 8
20 83 7

Number of passes 5.3�2.5 4.7�1.8 .36

aCT, computed tomography; US, ultrasound.
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Subject age, lesion size, pathology of the
lesion, modality used, route of biopsy, use of
an introducer needle, needle gauge, and num-
ber of passes were all not statistically signifi-
cant in attaining a nondiagnostic biopsy
(Table 4).

DISCUSSION
Image-guided biopsy is often used to obtain
tissue for oncologic, genetic, and immunologic
testing of cancer mutations, with the intention
to improve diagnosis and treatment of patients
undergoing targeted therapy. The current
study shows that image-guided percutaneous
biopsy of mediastinal lesions is an efficacious
and safe technique. Such a technique provides
a favorable alternative to surgical or endo-
scopic techniques.

The diagnostic yield of the current study
compares favorably with similar studies. In a
recent meta-analysis, pooled diagnostic yield
of CT-guided percutaneous biopsy measured
92%, compared to 96% in this current study.6

The range of reported diagnostic yield in each
study included in the meta-analysis ranged
from 74% to 96%.1,4,9-12 Possible reasons for
this variability may reflect technical advances
in pathology, imaging, and biopsy equipment
along with the volume of procedures
Mayo Clin Proc Inn Qual Out n XXX 2021;5(
performed in each institution. The experience
represented in the current study is based in a
large quaternary referral center including radi-
ologists with subspecialty training with image-
guided biopsy.

Similar to prior studies, there was no sta-
tistically significant variable which affected
the diagnostic yield of the biopsy tech-
nique.1,4,9-12 However, biopsy needle gauge
has shown significance in one study assessing
CT fluoroscopyeguided biopsy of anterior
mediastinal masses.24 In that study it was
found that using a 20-gauge needle was a sig-
nificant risk factor for diagnostic failure. In the
current study, although 7 of 15 diagnostic fail-
ures were performed using a 20-gauge biopsy
needle (46.7%), this finding was not statisti-
cally significant (P¼.18).

The overall and major complication rate in
the current study was lower compared to
other similar studies at 2% and 0.3%, respec-
tively. In the same meta-analysis,6 the pooled
complication rate was 13% with a major
complication rate of 2%. However, the defini-
tion of a major complication in this meta-
analysis may not be identical to the definition
used in the current study. The complication
rate in the current study is also lower
compared to the prior largest sample, where
they encountered an overall complication
rate of 7%.1 However, they did not differen-
tiate between major and minor complications.
In the current study, the majority of complica-
tions were minor (n¼7 of 8) and consisted of
pneumothorax (n¼5 of 8) and bleeding (n¼3
of 8) complications.

The only variable associated with an
increased rate of a complication was the trans-
pleural approach. The rate of pneumothorax
in transpleural mediastinal mass biopsy in
this study (n¼4 of 19, 21.1%) is slightly
higher than the rate of pneumothorax in
percutaneous lung mass biopsy,25,26 likely
related to the crossing of two separate pleural
interfaces. The choice of approach is often
tailored to each individual mediastinal mass.
Certain techniques may decrease the likeli-
hood of pleural involvement such as hydrodis-
placement or trans-sternal approach. These
techniques may not be appropriate in certain
scenarios; however, the transpleural approach
is the safest option likely to lead to a diag-
nostic result.
6):1100-1108 n https://doi.org/10.1016/j.mayocpiqo.2021.09.006
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The most appropriate management of pa-
tients on anticoagulant or antiplatelet medica-
tions before percutaneous biopsy is cause for
much discussion. The rate of major complica-
tions in this current study of 0.3% is low and
the clinical significance of the complication
was relatively minimal. Guidance on perform-
ing biopsies varies between departments. Local
protocols dictate that anticoagulation medica-
tion should be held for a predetermined time
frame based on SIR guidelines,21,22 that INR
should be less than 1.6, and that platelets
should be greater than 50�109/L. In this study,
12.2% (n¼41 patients) were on anticoagulant/
antiplatelet therapy within the therapeutic
period before biopsy, all of them taking aspirin
therapy. There was only a single minor
bleeding complication in this group. No
bleeding complications occurred in the 5.3%
(n¼18) of patients who had not stopped
aspirin therapy at time of biopsy. This observa-
tion supports that seen in prior studies.15,27

Application of these protocols varies depending
on the clinical situation and institution. How-
ever, the balance of benefit to risk in this deci-
sion is sometimes biased towards the bleeding
risk from the anticoagulant medication and ne-
glects the risk of cessation of this medication.
For instance, a figure of approximately 1% ab-
solute risk of an embolic event when warfarin is
discontinued for 4 to 7 days is quoted in the
literature.28-31 When compared to the 0.3%
major complication risk encountered in the
current study, it may lead more to question
the validity of unmitigated anticoagulation
medication discontinuation.

There are a number of limitations to the
current study. There is inherent selection
bias given the retrospective nature. Only pa-
tients who were deemed suitable for biopsy
underwent the procedure, and the technique
(including approach and biopsy gauge) was
chosen by an experienced proceduralist on a
case-by-case basis. As a result, there is a dearth
of patients with elevated INR (>1.6) or on
continued anticoagulation. Also, some param-
eters such as liver function or thromboplastin
time were not available. Given that these bi-
opsies were performed in a quaternary referral
center with specialized staff encountering a
high volume of mediastinal biopsies, this
study may not be representative of other pro-
cedural practices.
Mayo Clin Proc Inn Qual Out n XXX 2021;5(6):1100-1108 n https://
www.mcpiqojournal.org
CONCLUSION
In conclusion, the current study shows
that image-guided percutaneous CNB of medi-
astinal masses is a safe procedure with high
diagnostic yield, and that biopsy in these cases
can be achieved with patients on recent antico-
agulant/antiplatelet therapy. Further prospec-
tive studies are required to assess the
complication profile in higher risk patients.
Abbreviations and Acronyms: CT, computed tomography;
INR, international normalized ratio; SIR, Society of Inter-
ventional Radiology; US, ultrasound
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