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Abstract
The description of precise intrabronchial positions for the sampling of
mediastinal-hilar lymph nodes is critical to successfully perform conventional
transbronchial needle aspiration. Previously published maps of mediastinal-hilar
lymph nodes were primarily drawn based on experts’ experience. We generated a
virtual map of the most frequently sampled intrathoracic lymph nodes from an
intrabronchial perspective using a virtual bronchoscopic navigation system, to
assist with training in conventional transbronchial needle aspiration.

Introduction

Transbronchial needle aspiration (TBNA) is now a well-
established bronchoscopic technique for sampling
mediastinal-hilar adenopathy and masses. This technique
was first performed by Dr. Ko-Pen Wang in 1978 via the
flexible bronchoscope, and revolutionized diagnosis of medi-
astinal and hilar adenopathy.1 However, conventional TBNA
(cTBNA) is a relatively blind technique, and thus remains
underutilized because of concerns over safety and unpredict-
able sensitivity. Emerging endobronchial ultrasound-TBNA

(EBUS-TBNA) has proven superior to cTBNA in terms of
the diagnostic yield and safety because of direct visualization
of the needle while crossing the tracheobronchial wall and
sampling the lesions.2–5 However, the requirement of high-
cost equipment and general anesthesia limits the widespread
application of EBUS-TBNA in less developed regions.6,7 In
contrast, cTBNA, with the use of regular equipment, lower
cost, and ease of performance and training has the potential
for wide application. An in-depth knowledge of lymph
node (LN) positions from an intrabronchial view is a
vital factor contributing to eventual diagnostic yield.
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In 1994, Wang published a TBNA map of mediastinal-
hilar LNs from an intrabronchial perspective based on his
experience with conventional TBNA.8 However, Wang’s
nodal map failed to present the precise intrabronchial areas
that exactly display intrathoracic LNs. More concise and

intuitive characterization of hilar-mediastinal LNs from an
intrabronchial view would assist the cTBNA training pro-
cess and promote its use.
An alternative approach to generate an intrabronchial

view of hilar-mediastinal LNs is the use of a virtual bron-
choscopic navigation (VBN) system. Virtual bronchoscopy
is a method for displaying a three-dimensional (3D) view of
the airway lumens by reconstructing the continuous volume
data of helical computed tomography (CT), resembling the
real-life bronchoscopic view.9 It was originally intended to
guide peripheral lung lesion sampling,10,11 airway stenosis
evaluation,12 postoperative bronchial complications, and tra-
cheal/bronchial injury.13,14 We herein generate a virtual
intrabronchial map of hilar-mediastinal LNs using a VBN

Table 1 Correlation between Wang’s map and the IASLC map

Wang’s map IASLC map

Station 1, 3, 5 4R
Station 4, 6 4L
Station 2,8,10 7
Station 7, 9 11R
Station 11 11L

IASLC, International Association for the Study of Lung Cancer.

Figure 1 Virtual intrabronchial view
of region 4R in the International Asso-
ciation for the Study of Lung Cancer
map. (a) The three-dimensional view
of intrathoracic lymph nodes. (b–d)
Stations 1, 3, and 5 in Wang’s lymph
node map, respectively. LMB, left
main bronchus; RMB, right main
bronchus.
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system to present an intuitive impression of the localization
of biopsy sites for bronchoscopists.

Methods

Using the SPiN Thoracic Navigation System (Veran Medi-
cal Technologies, St Louis, MO, USA), 3D spherical
markers are placed in the location of intrathoracic LNs on
a CT image. Subsequently, 3D images of the airway tree
are automatically generated and the target LN is displayed
in color by virtual bronchoscopic animation.

Results

We sequentially marked the anatomic location of intratho-
racic LNs as the target, and then generated a virtual display
from an intrabronchial perspective. To better illustrate intra-
thoracic LNs, we used both Wang’s map and the Interna-
tional Association for the Study of Lung Cancer (IASLC)
nodal map. The IASLC nodal map has been applied to
describe tumor node metastasis (TNM) staging of lung can-
cer; the close correlation between Wang’s map and the
IASLC map has been widely recognized (Table 1).
Figure 1 shows the virtual intrabronchial display of 4R LNs

in the IASLC nodal map (Fig 1a presents a 3D view of the
intrathoracic LNs). According to Wang’s LN map, station
1 anterior carina LNs are shadowed on the areas around the
first tracheal cartilage ring and slightly toward the right
(Fig 1b), while station 3 right paratracheal LNs are located
around the third tracheal inter cartilaginous space above the
carina at about the two o’clock position (Fig 1c). Right main
bronchus (RMB) station 5 LNs are mapped above the opening
of the RMB (Fig 1d).

Region 4L LNs in the IASLC map are illustrated in
Figure 2. Station 4 left paratracheal LNs in Wang’s map
are displayed in the aortic-pulmonary artery window at
approximately the nine o’clock position (Fig 2a), while sta-
tion 6 left main bronchus (LMB) LNs are projected just
above the opening of the LMB (Fig 2b).
Region 7 LNs in the IASLC map correlating to the poste-

rior carina, subcarina, and sub-subcarinal LNs as station
2, 8, and 10 in Wang’s LN map, respectively, are interpreted
in Figure 3. The projection of station 2 is at the medial pos-
terior wall of the opening of the RMB, station 8 is displayed
on the carina and the medial wall of the RMB, and station
10 is shadowed at the medial posterior wall of the bronchus
intermedius below the right upper bronchus.
Right upper hilar LNs in Wang’s station 7, as well as

right lower hilar LN in Wang’s station 9 correlating with
region 11R in the IASLC map are located at the anterior
aspect of the right upper lobe spur and at the anterior lat-
eral aspect of the bronchus intermedius (Fig 4a,b). Wang’s
station 11, known as left hilar LNs and identical to region
11L in the IASLC map, is displayed at the middle aspect of
the left upper lobe spur (Fig 4c).

Discussion

In this report, we generated an endobronchial map of
intrathoracic LNs using a VBN system. This virtual map
concisely illustrates the endobronchial locations of the
most frequently sampled LN stations, including 4R/L,
7R/L, 10R/L, and 11R/L in the IASLC nodal map.
The first advantage of this virtual map is the 3D reconstruc-

tion of the helical chest CT, reflecting actual anatomical struc-
ture and avoiding the potential bias of subjective factors
compared to previous maps. Secondly, virtual bronchoscopy

Figure 2 Virtual intrabronchial view
of region 4L in the International Asso-
ciation for the Study of Lung Cancer
map. (a,b) Stations 4 and 6 in Wang’s
lymph node map, respectively. LMB,
left main bronchus; RMB, right main
bronchus.
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can be utilized as guidance for cTBNA procedures, especially
to train beginners, as virtual bronchoscopy images resemble
the live bronchoscopic view so well that they could facilitate
the determination of the exact puncture sites for target LNs.
Thirdly, VBN may show an advantage for some LN stations
that have unclear intraluminal landmarks in contrast to LN
stations with clear landmarks. For instance, before performing
cTBNA of nodal station 2 in Wang’s map, we have to undergo
a thorough review of chest CT images to locate the level of
opposite bronchial cartilaginous ring. However, VBN guidance
would skip this step and directly navigate the operator to the

puncture site. Fourthly, using a next-generation VBN system,
virtual image information of the large vessels outside the
bronchus could also be superimposed on the live broncho-
scopic images during cTBNA, hence averting the incidence
of severe bleeding from large vessel injuries. Finally, for LNs
or lesions adjacent to the secondary or tertiary bronchi that
cannot be reached by EBUS-TBNA, virtual bronchoscopy-
assisted cTBNA would be applicable to achieve cytopatholo-
gical evaluation.
Interestingly, this virtual map has high consistency with

Wang’s map.15 The efficiency of cTBNA in sampling

Figure 3 Virtual intrabronchial view of region 7 in the International Association for the Study of Lung Cancer map. (a–c) Stations 2, 8, and 10 in
Wang’s lymph node map, respectively. LMB, left main bronchus; RMB, right main bronchus.

Figure 4 Virtual intrabronchial view of regions 10R and 10L in the International Association for the Study of Lung Cancer map. (a–c) Stations 7, 9,
and 11 in Wang’s lymph node map, respectively.
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intrathoracic LNs guided by Wang’s map demonstrates the
accuracy of puncture positions. The sensitivity of cTBNA
for detecting and staging lung cancer is reported to be
between 60% and 90%,16,17 the accuracy of diagnosis of
tuberculous lymphadenitis is 50–85%18 and 20–60% in sar-
coidosis.19,20 Our map further validated the accuracy of
Wang’s map for the depiction of puncture sites for cTBNA.
Another map of optimal TBNA areas for intrathoracic LNs

has been proposed based on pictures drawn by four experi-
enced physicians from three centers.21 It is notable that this LN
position map has good consistency with our virtual map and
Wang’s map, especially of stations 4L, 11R, and 11L. However,
the authors described LNs using the IASLC map, which has
shown limitations in guiding TBNA compared to Wang’s
map.22 Hence, the LMB, RMB, posterior carina, and sub-
subcarinal LNs are not mentioned in this map, which further
explains the lack of agreement on station 4R.
Our virtual map of intrathoracic LNs from an intrabron-

chial view might be helpful to train physicians for cTBNA
because of its visual impression. The virtual navigation system
has the advantage of real-time guidance for cTBNA proce-
dures, which could be further investigated in the future.
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