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INTRODUCTION

EBUS-guided transbronchial needle aspiration (EBUS-
TBNA) is a relatively novel, rapidly growing diagnostic 
modality that allows precise sampling of  mediastinal 
lymph nodes (LNs) and other peribronchial lesions. 
EBUS-TBNA is a minimally invasive, safe, and cost 
effective technique, with high diagnostic yield.[1] 

Although it is mainly used for diagnosis and LN staging 
of  lung cancer, EBUS-TBNA is also useful for the 
diagnostic work up of  unexplained mediastinal and hilar 
lymphadenopathy, as well as other mediastinal lesions.[2-4] 
Since its introduction in 2004,[3] the role of  EBUS-
TBNA has further expanded and now includes restaging 
lung cancer, diagnosing granulomatous lymphadenopathy 
including sarcoidosis, and evaluation of  patients with 
extrathoracic malignancies. EBUS-TBNA has a high 
yield for diagnosing and staging lung cancer ranging 
from 89 to 98%,[2-6] and yield is higher when compared 
to computed tomography (CT) and positive emission 
tomography (PET).[5] It also reduces the need for 
surgical mediastinal staging and yield has been shown 
to be comparable to mediastinoscopy with the ability to 
sample more nodal stations than mediastinoscopy.[7] The 
ability to visualize the mediastinal vasculature including 
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clots and masses within these vessels has raised 
questions about the efficacy and safety of  sampling 
these lesions for accurate diagnosis, especially in cases 
where patients may not be good candidates for other 
procedure or interventions.

THE EBUS-TBNA PROCEDURE

Convex probe (CP)-EBUS was first introduced in 2004. 
The scope of  EBUS is equipped with a conventional 
bronchoscopic fiberoptic component to identify airway 
anatomy, a linear US scanning probe for real-time 
imaging, and a biopsy channel for the aspiration needle. 
The integrated color Doppler allows easy identification 
of  vascular structures. The scope consisted of  a 7.5 
MHz convex probe inside a saline-inflatable balloon at 
the tip of  the bronchoscope. A newer generation EBUS 
scope permits multi-quad frequencies of  5, 7.5, 10, or 12 
MHz; which allow changing the depth of  penetration of  
the ultrasound image. The scope has an outer diameter 
insertion tube of  6.2 mm, with a tip end of  6.9 mm, 
and a working channel of  2.2 mm. The scope looks at a 
35° forward oblique angle, with an angle of  view of  80°. 
The scope angulation is 120° up and 90° down. EBUS-
TBNA is usually performed using a dedicated disposable 
22- or 21-gauge needle with an echogenic-dimpled tip. 
Both ultrasound and white-light bronchoscopy images are 
simultaneously visible on the monitor. CP-EBUS-TBNA 
is a real-time procedure that is usually performed under 
moderate or deep sedation or general anesthesia.

Technically, once the LN or mass has been clearly 
identified with EBUS, the needle is inserted through 
the working channel under real-time US guidance. 
The stylet of  the needle is left in place on the first 
puncture; once the needle tip is inside the lesion, 
the stylet is used to clean the tip of  the needle from 
any bronchial contamination. After removing the 
stylet, the standard of  care is to apply suction using 
a negative pressure syringe and the needle is stabbed 
multiple  times. The needle is removed and the specimen 
is expelled onto a glass slides using an air-filled syringe 
or by reinserting the stylet. The slides are then air-dried 
or alcohol-fixed or sent as cellblock specimen. In most 
cases, three to four passes per site are optimal to obtain 
enough tissue for accurate diagnosis.[8-10]

TYPES OF PULMONARY VASCULAR TUMORS

Pulmonary artery (PA) tumors consist of  primary 
vascular sarcomas and metastatic tumors. There are 

several reported types of  pulmonary artery sarcomas 
(PASs) including leiomyosarcoma, angiosarcoma, 
fibrosarcoma, rhabdomyosarcoma, myxosarcoma, 
and malignant fibrous histiocytoma.[11-13] Metastatic 
tumors to PA have been described; including metastatic 
leiomyosarcoma, lung cancer, hepatocellular carcinoma, 
and synovial sarcoma of  the kidney among many 
others.[14,15]

Primary PAS is a rare tumor, typically grows insidiously, 
and patients remain asymptomatic until distant tumor 
embolism or severe PA occlusion ensues. The main PA 
is the most common location of  PAS, followed by right 
PA, left PA, pulmonary valves, and right ventricular 
outflow. Although that most PAS tumors grow 
locoregionally, they have the propensity to metastasize 
predominantly to the lung and mediastinal LNs.[16]

DIAGNOSTIC MODALITIES FOR 
MEDIASTINAL VASCULAR TUMORS

Mediastinal vascular tumors are frequently 
misdiagnosed as thromboembolic disease and the 
diagnosis requires high level of  suspicion. In many 
instances, vascular tumors of  the mediastinum are 
suspected after failure of  anticoagulation therapy with 
progression and extension of  intravascular lesions 
[Figure 1].[17-22] In patients undergoing PET scan 
for cancer staging or surveillance, the finding of  an 
intravascular fluorodeoxyglucose (FDG)-avid lesion 
should raise suspicion for intravascular metastasis over 
pulmonary embolic disease. PET/CT may be helpful 
to differentiate between PA tumor and PA thrombotic 

Figure 1. EBUS image of the right hilar area showing a vascular 
tumor of the right lower lobe pulmonary artery (arrow). Color 
Doppler showing blood flow around the intravascular tumor. EBUS: 
Endobronchial ultrasound
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disease. Ito et al.,[23] studied 10 patients with either 
PAS or PA embolism. All patients had PET/CT done, 
and the standard uptake values (SUV) were measured. 
The mean SUV of  7.63 in patients with PASs was 
significantly higher than the mean SUV of  2.31 seen in 
cases of  pulmonary embolism. Farsad et al.,[21] described 
a case of  PA filling defect secondary to leiomyosarcoma 
with superimposed thromboembolism. In this case, the 
contrast-enhanced CT was able to identify the filling 
defect in the right main PA. The CT/PET showed 
an FDG-avid area in the lesion representing the 
sarcoma. The area with no FDG uptake represented 
the superimposed thromboembolism. CT and MRI 
characteristics may be helpful in differentiating PAS 
from thromboembolism.[24] PASs are heterogeneous 
lesions with high or low attenuation depending whether 
they have area of  hemorrhage or necrosis. The PAS 
have soft tissue density with vascular distension and 
possible gadolinium enhancement. Thromboembolism 
tends to have homogenous soft tissue lesions, with 
abrupt cut-offs and vascular narrowing. Because PA 
tumors are very rare, there are no controlled studies 
or large data collection describing the sensitivity or 
specificity of  the chest CT, PET, and MRI for detecting 
these tumors.

The confirmatory diagnosis of  intravascular tumor 
is invasive and require vascular puncture to access 
the lesion or to obtain a diagnostic vascular sample 
from the targeted vessel (or surgical). Yamada 
et al.,[25] were the first to describe a case of  catheter 
suction biopsy of  a primary PA leiomyosarcoma. The 
patient was initially diagnosed with left pulmonary 
thromboembolism, which was treated with fibrinolysis 
and anticoagulation without any improvement. The 
diagnosis of  primary pulmonary leiomyosarcoma 
was confirmed by transvenous suction biopsy that 
was performed using an embolectomy catheter. Prior 
to vascular catheterization era, the diagnosis of  
intravascular tumors was mainly postmortem or after 
surgery. More recently, pulmonary vascular tumors have 
been diagnosed using EBUS-guided transbronchial 
aspiration (EBUS-TBNA).[26]

EBUS-TBNA OF PA LESIONS

Intentional puncturing of  the thoracic vasculature 
goes back to early 1900 with repetitive attempts to 
gain access to the heart through various approaches.
[27,28] In 1959, Lemmon et al.,[29] published a series 
of  patients who underwent coronary angiography 

using the suprasternal transaortic approach. In the 
mid-last century, multiple large series of  transbronchial 
left heart catheter showed no fatalities and no 
significant complications.[30,31] Also, Scott et al., 
performed transbronchial left heart catheterization 
using the double needle technique in 20 patients 
without any complications.[32] Crymes et al., reported 
their experience with 76 cases of  transbronchial left 
atrial catheterization.[33] Only three complications 
occurred with one fatality related to the procedure. 
They conducted a literature review and reported a 
mortality rate of  0.068% based on one death case 
out of  1,472 collected cases. Despite the very low 
morbidity and mortality rates related to the above-
described procedures, transaortic and transpulmonary 
vascular procedures were generally abandoned and 
are now very rarely performed. In 1983, Wang and 
Terry[34] introduced the conventional TBNA procedure 
for the diagnosis and staging of  lung cancer. It entails 
the insertion of  the needle transbronchially into the 
targeted lesion. The targeted lesions are localized after 
reviewing the chest imaging and necessitate detailed 
anatomical understanding of  the thoracic anatomy. 
The yield was reported to be high in some specialized 
centers, but was not reproducible in all centers. It was 
not a real time procedure and inadvertent puncture of  
thoracic vessels was probably not uncommon. In spite 
of  well-documented safety of  this procedure in several 
studies, it was performed only by a minor fraction of  
physicians likely due to issues related to training, yield, 
and concerns about unintended vascular puncture.

CP-EBUS continues to demonstrate a remarkable 
ability to outline thoracic anatomy. Its original role was 
to identify and sample mediastinal lymph for staging 
lung cancers and later extended for other malignant 
and benign mediastinal conditions such as sarcoidosis 
and lymphoma. Presently, there are increasing reports 
describing the role of  CP-EBUS in the diagnosis of  
mediastinal vascular tumors. Some of  these tumors were 
safely sampled with EBUS-TBNA. As the experience 
with EBUS combined with color Doppler continues 
to expand, bronchoscopists will strengthen their ability 
to characterize vascular anomalies and lesions, and 
perhaps uncover a CP-EBUS role in pulmonary vascular 
hemodynamics such as pulmonary hypertension. Future 
therapeutic role of  CP-EBUS for treating pulmonary 
vascular emboli or tumors remains to be revealed.

The EBUS scope will not only be used as a diagnostic 
tool, but also acquire a therapeutic role.[35] In 2006, 
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Seymour et al., [36] published a review related to 
transbronchial needle injection (TBNI). In this review, 
the authors described the diagnostic and therapeutic 
role of  conventional TBNI. The therapeutic role of  
TBNI consisted of  injecting tumors with ethanol,[37] 
chemotherapeutic agents,[38] and modified genes 
therapy.[39] Moreover, TBNI has been used to guide 
surgical localization of  peripheral lung nodule and 
sentinel LNs by injecting or placing markers. CP-EBUS 
has also been used to guide implantation of  radiotherapy 
devices and for placing fiducial markers in lung cancers 
to guide stereotactic beam radiation therapy (SBRT).[40,41]

CP-EBUS has a unique ability of  showing blood flow 
using the color Doppler ultrasound feature in addition to 
the ultrasound real-time images [Figure 2]. This helps the 
operators to distinguish LNs, necrotic areas, and mediastinal 
cysts from vascular structures. Evaluation of  major thoracic 
vessels is an integral part of  EBUS procedure as vascular 
landmarks are used to delineate several LNs stations in 
the current staging system. Additionally, this allows the 
identification of  arterial and venous pulmonary arterial 
lesions such as primary or metastatic vascular tumors. 
In a report by Al-Ajam et al., EBUS was able to detect 
a left pulmonary venous tumor that was thought to be 
metastatic hepatocellular carcinoma.[14] Many other reports 
described the use of  EBUS in the diagnosis of  primary 
and metastatic pulmonary arterial tumors such as sarcomas, 
thyroid, and breast cancers.[22,42,43]

Detection of  pulmonary emboli using CP-EBUS 
has been described and safely accomplished.[44-52] 
Additionally, CP-EBUS has been used for restaging lung 
cancer by detecting tumor vascular invasion.[53] With 

no reported complications, the aspiration of  subaortic 
(aortopulmonary window) mediastinal LN has been 
successfully performed using EBUS-TBNA through a 
transarterial approach.[54] In this series, four patients 
with subaortic lymphadenopathy and contraindication 
for thoracoscopic biopsies were enrolled and EBUS-
TBNA was performed using the 21-gauge EBUS needle. 
The malignant diagnosed was obtained in three patients 
and one patient required thoracoscopy procedure.

Dusemund et al.,[55] performed EBUS-TBNA of  an 
occlusive mass of  the left PA a year after treating a 
synovial sarcoma of  the right kidney with nephrectomy 
and chemotherapy. CT showed occlusive solid mass 
of  the left PA, which was FDG avid on PET scan. 
The patient was given a single dose of  postoperative 
antibiotic to prevent infection and no complications were 
reported. Shingyoji et al.,[56] performed EBUS-TBNA 
of  the left lower pulmonary tumor in a patient that 
presented with cough and CT showed mass lesions 
in bilateral pulmonary arteries. PET was positive with 
SUV of  12.4; EBUS-TBNA of  the left PA mass was 
performed and the diagnosis of  PAS was made without 
any procedure-related complication. Horowitz et al.,[57] 
performed EBUS-TBNA of  the left PA mass lesion that 
was an extension of  the left hilar mass. The diagnosis 
was consistent with lung adenocarcinoma and the 
patient was discharged postoperatively with no reported 
complications. A detailed review of  the literature identified 
a few reported cases of  EBUS-TBNA of  intravascular 
tumors [Table 1 and Video 1].[15,22,26,42,43,55-58] To the best 
of  our knowledge, there are no reported cases of  fine 
needle aspiration (FNA) of  intravascular thoracic tumors 
utilizing endoscopic ultrasound (EUS). Some authors 
have reported the use of  EBUS-TBNA and EUS-FNA 
for transvascular tumor or LN sampling [Table 2].[54,59-64] 
von Bartheld et al.,[61] published the largest retrospective 
series that included 14 patients with para-aortic tumors 
(nine patients) or suspicious LNs (five patients). All 
the patients underwent EUS-FNA of  which nine had 
lung cancer (64%), one reactive LN specimen, and 
four inconclusive materials. Of  the five patients with 
no diagnosis, three were subsequently diagnosed with 
cancers after confirmatory surgical pathology (two lung 
cancers and one renal cancer). Two patients developed 
para-aortic hematoma immediately after the EUS-FNA. 
One patient remained asymptomatic and was discharged 
home. The other patient was observed overnight after 
developing postoperative chest discomfort. Thoracic CT 
showed evidence of  para-aortic hematoma and excluded 
aortic dissection.

Figure 2. (a) Chest CT showing right pulmonary artery filling defect 
(arrow) extending to the right lower arterial branch consistent with 
vascular tumor that was initially diagnosed as thromboembolic disease. 
CT: Computed tomography
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Seven of  the 10 patients who underwent EBUS-TBNA 
for intravascular lesions underwent PET [Table 1]. Six 
of  these patients had PET-avid intravascular lesions 
of  which one was diagnosed as organizing thrombus 

(SUV of  3.5). The other five patients (71.4%) were 
diagnosed with primary PAS (n = 2), metastatic sarcoma 
(n = 1), thyroid carcinoma (n = 1), and metastatic 
breast carcinoma (n = 1). One patient with metastatic 

Table 1: Reported cases of EBUS TBNA for intravascular lesions
Authors Year Location Diagnosis Needle size SUV on PET scan Type of anesthesia
Blanc et al. 2011 Left lower lobe 

pulmonary artery
Metastatic follicular 
thyroid carcinoma

N/A High FDG uptake, 
SUV not mentioned

General Anesthesia 

Park et al. 2011 Left main pulmonary 
artery

Primary pulmonary 
artery sarcoma

N/A 18.6 N/A

Park et al. 2011 Left lower lobe 
pulmonary artery

Organizing thrombus N/A 3.5 N/A

Chamorro et al. 2012 Right main 
pulmonary artery

Metastatic sarcoma N/A 12.3 N/A

Dhamija et al. 2012 Left pulmonary artery Metastatic breast 
carcinoma

N/A 8.9 N/A

Dusemund et al. 2013 Left lower 
pulmonary artery

Metastatic sarcoma N/A No FDG uptake-SUV 
not mentioned

Deep sedation

Lee et al. 2013 Right main 
pulmonary artery

Hepatocellular 
carcinoma

22G N/A N/A

Shingyoji et al. 2013 Left lower lobe 
pulmonary artery

Primary pulmonary 
artery sarcoma

N/A 12.4 N/A

Horowitz et al. 2013 Left main pulmonary 
artery

Poorly differentiated 
carcinoma

N/A N/A N/A

Modi et al. 2014 Right main pulmonary 
artery

Metastatic 
Leiomyosarcoma

22G N/A General Anesthesia

Table 2: Reported cases of EBUS/EUS guided trans-vascular biopsies
Authors Year No. of 

cases
Location of target lesion Diagnosis Procedure/

Needle size
Anesthesia Complications

Vincent et al. 2006 1 Left hilar mass adjacent 
to the left inferior 
pulmonary artery

Carcinoid tumor EBUS/22G N/A None 

Wallace et al. 2007 1 Mass in medial left 
upper lobe through the 
descending aorta

Non-small cell lung 
carcinoma

EUS/25G N/A None

Von Bartheld 
et al. 

2009 14 Nine cases had left lung 
mass. Five cases has 
station 5 or 6 LN. All were 
accessed through aorta

Nine cases were diagnosed 
with cancer. Five cases 
were non-diagnostic, all 
of which eventually had 
malignancy diagnosed 

EUS/22G Moderate 
Sedation

Two patients 
had hematoma 

Folch et al. 2011 4 Station 5 LN Definitive diagnosis of 
malignancy in 3 cases, 
fourth case required 
thoracoscopy

EBUS/21G N/A None

Boujaoude 
et al. 

2013 2 1. �LN in station 11R through 
right pulmonary artery.

2. �Right perihilar lung nodule 
through right lower branch 
of pulmonary artery

1. �Adenocarcinoma 
with lung primary

2. �Papillary 
adenocarcinoma of lung

EBUS/21G N/A None

Kazakov et al. 2014 15 Mediastinal or hilar LN 
(n=7) Lung parenchymal 
lesion (n=7) Posterior 
mediastinal mass (n=1) Eight 
biopsies were done through 
Pulmonary artery and Seven 
were done through Aorta

Malignancy diagnosed in 
7 patients. Three biopsies 
correctly identified as 
benign. Four specimens 
were non-satisfactory 
and were diagnosed with 
malignancy eventually

22G with 
EUS

21G with 
EBUS

N/A None

Mehta et al. 2014 5 Station 5 lesions through 
pulmonary artery (n=3) 
Station 6 lesions through 
Aorta (n=2)

Three cases diagnosed 
with malignancy. One 
biopsy bronchogenic cyst. 
One biopsy was non-
diagnostic

N/A N/A None
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PAS had no FDG uptake on PET. All 10 patients 
underwent chest contrast-enhanced CT scans that 
showed vascular lesions with differential diagnosis of  
thromboembolic disease versus tumors.

COMPLICATIONS

Although EBUS allows real-time sampling of  lesions 
and avoidance of  vascular puncture, accidental vascular 
punctures still occur. However, usually this does not 
result in any significant complication. Several case 
reports reported no major complications when hilar 
or mediastinal lesions located behind major thoracic 
vessels were successfully sampled by traversing the PA 
and aorta.[59,60,65]

Needle puncture of  blood vessels are, however, 
not without potential complications. One report 
described bleeding and intramural hematoma and 
hemomediastinum after EBUS-guided PA puncture.[66] 
The artery was accidentally punctured during LN 
sampling, but the hematoma resolved spontaneously 
without any further intervention. After a detailed search 
of  literature and review of  several case reports of  
EBUS-TBNA for intravascular tumors, we did not find 
any description of  any complications.[15,26,42,43,55-58] von 
Bartheld et al.,[61] published a series of  14 patients that 
underwent transaortic EUS-guided biopsies of  para-
aortic lesions. Two of  these patients developed thoracic 
hematomas in the immediate postoperative period. One 
of  the patients complained of  chest pain, but both 
patients require no intervention. Although it is possible 
that the cases where complications occurred were not 
reported, based on the available literature, intentional or 
unintentional puncture of  thoracic vessels can be safely 
accomplished in carefully selected cases.

CONCLUSION

EBUS-TBNA procedure for the diagnosis of  
intravascular mediastinal or hilar tumors appears to be 
feasible, safe, and minimally invasive. This procedure 
may be an acceptable alternative for more invasive 
procedure such as catheter suction biopsy and may 
avoid the potential delay in diagnosis, as reported in 
some cases due to the decision to observe. Similarly, 
based on few reports it appears that transvascular 
EBUS-TBNA is feasible and safe and in selected 
patients, may obviate invasive intervention. Nevertheless, 
until this question is studied in further detail in larger 
studies, the decision to puncture a major blood vessel 

to obtain diagnostic specimen should be made after a 
thorough consideration of  the risks and benefits, and 
should be made on case-to-case basis.
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