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In recent years, solitary peripheral pulmonary
lesions are being encountered more frequently
because of the widespread use of CT scanning.1

For the diagnosis of these lesions, bronchoscopy
is routinely considered because it is safe and mini-
mally invasive. However, its overall diagnostic
yield is inadequate. The guidelines of the American
College of Chest Physicians (ACCP) in 2007
showed a diagnostic yield of 57% for all lesions
and 34% for lesions less than 2 cm in diameter.2

The lesion-associated factors affecting the trans-
bronchial diagnosis of solitary peripheral pulmo-
nary lesions includes the lesion size,3,4 its
location,3 the presence/absence of bronchial
involvement,5 and its malignant/benign status.4

The bronchoscopist-associated factors include
the apparatuses used and the bronchoscopist’s
skills and experience.6

At present, bronchoscopy for peripheral pulmo-
nary lesions is performed using a bronchoscope
with an external diameter of approximately 5 to 6
mm under x-ray fluoroscopy. Bronchoscopists
mentally reconstruct the three-dimensional (3D)
bronchial arrangement based on two-dimensional
(2D) planar axial slices of CT, performed before the
procedure, and select a bronchial path. A major
problem with this method is difficulty in the guid-
ance for the bronchoscope and its accessories.
Bronchial path selection during the examination
and at the same time maintaining the position of
the bronchoscope along with its accessories in
desired location under fluoroscopic guidance
require time and skills. In addition, because the
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range of bronchoscope advancement is limited
to around the subsegmental branches, biopsy
instruments must be guided by fluoroscopy for
a long distance from these proximal branches to
the peripheral lesion. Therefore, the diagnostic
yield depends on the bronchoscopist’s experience
and skill.6

To overcome these challenges, the use of
a bronchoscope with a reduced external diameter
(ultrathin bronchoscope) could be beneficial. In
particular, because the ultrathin bronchoscope 7

can be advanced close to the lesion, guidance of
the biopsy instruments is easier. In addition, the
ultrathin bronchoscope can be negotiated to the
difficult-to-reach areas of the endobronchial
tree,8 thus, it could be useful for the diagnosis of
small peripheral pulmonary lesions.9,10 However,
because the number of bronchial branching
increases as the bronchoscope advances further
into the periphery, the path to the lesion is difficult
to identify within the limited examination time even
if bronchial branching is directly visible. In addi-
tion, endobronchial examination by itself does
not provide the direction to the peripheral lesion.
Intuitive bronchial path selection based on CT
data is inaccurate even at the third- to fourth-
generation bronchus levels,11 and therefore
cannot be applied to the levels of bronchi reached
and observed by the ultrathin bronchoscope. In
recent years, CT fluoroscopy has allowed real-
time confirmation of the positions of the broncho-
scope, sampling instruments, and the lesion, and
has been useful for the diagnosis of small
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peripheral lesions.10,12,13 However, because the
radiation exposure dose and the procedure time
are significantly increased, path selection before
the bronchoscopy is important.

Virtual bronchoscopic navigation (VBN) is
a method in which bronchial path to the peripheral
lesion is produced from virtual bronchoscopy (VB)
images and used as a guide to navigate the bron-
choscope. Because the bronchial branching
pattern on VB images is similar to real broncho-
scopic images, the bronchoscope can be
advanced close to the target lesion according to
the bronchial path to the lesion displayed on VB
images. In addition, a system has been developed
and applied that allows the automatic production
of VB images of the bronchial path and their simul-
taneous display with real bronchoscopic images
for navigation. VBN has been used in combination
with CT-guided ultrathin bronchoscope, x-ray
fluoroscopic bronchoscopy, and endobronchial
ultrasonography with a guide sheath (EBUS-GS),
and has been reported to reduce the examination
time and increase the diagnostic yield. Its clinical
application has also been reported. In this report,
the author discusses VBN and the automatic
VBN system, reviews the published literature,
and describes its usefulness and limitations.
VIRTUAL BRONCHOSCOPY

Helical CT provides 3D serial volume data. VB is
a method for a 3D fly-through display of the border
between the bronchial lumen and the bronchial
wall viewed from the bronchial lumen, as if it
were observed using a bronchoscope.14

There are various 3D display methods. MPR
(Multi Planner Reconstruction) can display any
cross-sectional image. In addition to 2D planar
axial slices, 3D observation of sagittal and coronal
MPR images is useful in gaining an understanding
of the lung structure including the airway.15,16

However, branching structures along the bronchial
path to the target are difficult to show in a single
cross-sectional image. In addition, although
cross-sectional images of the path can be
displayed by curved multiplanar reconstruction
(CMPR), the direct use of this data for the
guidance of the bronchoscope is difficult. CT bron-
choscopy is a method for the 3D display of the
external appearance of the bronchial tree, but
cannot be directly used for bronchoscopy. On
the other hand, VB images reflect the actual
anatomic findings17 and provide useful data for
the guidance of the bronchoscope, such as the
bronchial branching pattern viewed from the bron-
chial lumen (ie, the size and shape of the entrance
to the bronchi at the branching site, the branching
angle, and bronchial arrangement after branching).

Compared with real bronchoscopy, VB is nonin-
vasive and has no adverse effects except radiation
exposure. VB allows the display of areas periph-
eral to stenotic areas, and also the display of
extramural structures simultaneously with endo-
bronchial images using the volume rendering
method.18 Therefore, VB has been used for the
evaluation of airway stenosis,19,20 tracheal/bron-
chial injury, endobronchial malignancy,21 airway
lesions in children with attention to exposure
dose,22 foreign bodies in the airway,23 and post-
operative bronchial complications.24 VB is also
used for the education of bronchoscopists,25,26

transbronchial needle aspiration (TBNA),27 stent
placement,28 and the planning of interven-
tions,14,29 such as brachytherapy and laser
photoresection.

However, conventional CT and software have
demonstrated limitations in the visualization of
the bronchi peripheral to the segmental bronchi,
showing reduced consistency with actual
anatomic findings.19,30 Therefore, the clinical use
of VB is limited to the central bronchi.

In recent years, multidetector CT has allowed
physicians to obtain finer isotropic voxel data,
reduce respiratory and cardiac motion artifacts,
and facilitate more detailed and accurate three-
dimensional CT reconstruction. In addition,
because of recent advances in computers, real-
time display of arbitrary endobronchial images
has become possible.31,32
VIRTUAL BRONCHOSCOPY NAVIGATION

Virtual bronchoscopy navigation is a VB method
clinically applicable to arrive at the peripheral
lesions. Virtual images of the bronchial path to
the lesion are produced and used for navigation
at the time of advancing the bronchoscope.33 In
the case that the author first reported, virtual
images up to the tenth-generation bronchus
comprising the bronchial pathway to the target
were displayed simultaneously with real images,
and an ultrathin bronchoscope (external diameter,
2.8 mm) could be advanced along the path to the
target. Since this report, various studies on the
usefulness of VBN have been published. Note
that in articles published using Japanese nomen-
clature, including this article, all subsegmental
bronchi, even those after repeated branchings as
in the lower lobe, are regarded as third-generation
bronchi and the number of further peripheral
branchings is added to calculate the bronchial
generation.34,35 Therefore, when articles in Japan
are compared with those in Western countries,
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attention should be paid to the fact that the gener-
ation of the bronchi is seemingly lower in the
former group of studies.

VBN can be performed using software attached
to the CT system in each institution, but there are
certain issues that need to be addressed. First,
the level of anatomic detail visualized by VB
depends on the obtained volume data. Therefore,
performing CT imaging under conditions appro-
priate for each purpose is important. CT conditions
(ie, parameters associated with good volume data)
differ among CT systems. However, in general,
good volume data are obtained by minimizing
collimation and overlapping the image reconstruc-
tion by at least 50%.16,32

The second issue is that VB findings depend on
the threshold value selected to differentiate
between the airway wall and lumen. In particular,
in the peripheral airway, inappropriate selection
of the threshold leads to a lack of bronchial
branchings or holes in the bronchial wall imaging,
resulting in apparent branchings where there are
none.20,36 Therefore, inappropriate thresholds
may cause the bronchoscope to be guided to
the wrong bronchi. It is important to select appro-
priate threshold values while confirming the pres-
ence or absence of branchings on axial, sagittal,
and coronal images, and this requires experience.
Because the production of VB images also
depends on experience,32 it is desirable that bron-
choscopists themselves produce VB images or
compare them with each cross-sectional image
for confirmation.

The third issue is that caution should also be
taken regarding the rotation procedure at the time
of bronchoscope insertion. Unlike the virtual bron-
choscope, the tip of the real bronchoscope can
only be moved up or down, so that appropriate
rotation is always necessary at the time of insertion.
When the bronchoscope is rotated, the real image
shifts slightly from the virtual image. The bronchial
branching pattern includes many bifurcations into
two bronchi of similar sizes. When the broncho-
scope is rotated 90� or more, mistakes tend to be
made identifying the bronchus into which the bron-
choscope should be advanced. Such a bifurcation
pattern continues to the peripheral area. Therefore,
unless both images are made to be consistent at
each branching as the bronchoscope is advanced,
the risk of disorientation is high.37
VIRTUAL BRONCHOSCOPY NAVIGATION SYSTEM

To overcome the issues mentioned earlier and for
the widespread use of the system, a VBN system
(Bf-NAVI; KGT, Olympus Medical Systems, Tokyo,
Japan) was developed and introduced for clinical
use. This system is characterized by the automatic
production of VB images along the bronchial
path38 and the display of VB synchronized with
real images for bronchoscopic navigation.39

Bronchoscopists perform the following func-
tions: (1) Input of digital imaging and communica-
tion in medicine (DICOM) data of CT into the
system. A slice thickness of CT less than or equal
to 1 mm (0.5 mm if possible) is desirable. (2) Setting
of the starting point in the trachea. An appropriate
threshold is automatically adjusted, and bronchi
to peripheral areas are extracted. (3) Setting of
the target and the terminal point. While observing
short-axis, sagittal, and coronal images, bronchos-
copist select the lesion and the bronchus closest to
it as the target and terminal point, respectively.
Because the extracted bronchi are indicated in
blue, the bronchi involved with the lesion are clearly
observed all the way up to the proximal area on the
monitor confirming that each branching is ex-
tracted. When the extraction is inadequate, manual
extraction of the bronchi can be added (Fig. 1).
When the target and terminal point are determined,
the path to the terminal point is automatically
searched and displayed. (4) Path confirmation.
When the point in the path is moved from the start-
ing to the terminal point, each corresponding
cross-sectional image is displayed and the branch-
ing and extraction status in the path are recon-
firmed. The path is also displayed in the bronchial
tree (Fig. 2). When the path is determined, VB
images along the path are automatically produced.
(5) Thumbnail registration. While VB images are
moved from the starting to terminal point, the bron-
chus for the insertion of the bronchoscope at each
bronchial branching is marked and registered as
a thumbnail (Fig. 3). The time required from the
insertion of DICOM data of CT into the system to
the completion of thumbnail registration is approx-
imately 15 minutes, of which 6.5 minutes are used
for manual setting and confirmation. The median
range of the production of VB images using this
system is the sixth-generation bronchi.40

VBN is performed while displayed VB images of
the target bronchus are synchronized with real
images by image rotation, advancement, and
retreat. Concretely, the VB image that diverges
from the real image because of the rotation at
the time of bronchoscope insertion is made
consistent with the real image using the rotation
function. Subsequently, the VB image is advanced
to the next bronchial branching and the broncho-
scope is similarly advanced. This procedure is
repeated. Because the bronchus to which the
bronchoscope is advanced is displayed on the
VB image at each branching, the bronchoscope
is advanced to the target based on this display



Fig.1. VBN system setting of the target and terminal point. A small solitary lesion in the peripheral area of the
right S3 is shown. The lesion is set as a target (large circular dotted line) while observing axial, sagittal, and
coronal images. The terminal point (small circle) is set at the peripheral end of the extracted involved bronchus
indicated in blue.
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(Fig. 4). When branchings are lost during broncho-
scopic advancement, VB images are redisplayed,
or a thumbnail at each branching is provided as
a reference. The direction of the lesion is displayed
on the image and can also be referred to. Because
the bronchoscope is advanced according to VB
images indicating the target, even inexperienced
bronchoscopists can guide the bronchoscope to
the target in a short time. The time required for
the guidance to the target bronchus is approxi-
mately 2 minutes.39 This system can also be
used for educational purposes, such as for illus-
trating the bronchial branching pattern.
VALIDATION STUDIES FOR THE DIAGNOSIS
OF PERIPHERAL LESIONS

In VBN, biopsy instruments reaching the lesion
itself cannot be confirmed; therefore, VBN is
used in combination with CT, x-ray fluoroscopy,
or EBUS. In the published studies on VBN and its
system for the diagnosis of peripheral pulmonary
lesions, the outline and characteristics of each
combination were found to be as follows (Table 1).
CT-guided Ultrathin Bronchoscopy

CT-guided bronchoscopy allows the accurate
confirmation of biopsy instruments even in the
lesions that cannot be observed by fluoroscopy
and is useful for the diagnosis of peripheral pulmo-
nary lesions.10,12,13

Asano and colleagues37 performed CT-guided
ultrathin bronchoscopy under VBN in 36 peripheral
pulmonary lesions. Using VB images produced to
the 6.1-generation bronchi (on average), the
6.9-generation bronchi (on average) could be
observed using the ultrathin bronchoscope.
Because VB images accurately reflected the
actual bronchial branching pattern, the ultrathin
bronchoscope could be guided along the planned
path toward the lesion in 30 (83.3%) of the cases
without using x-ray fluoroscopy.

Shinagawa and colleagues41 used a similar
method for 26 peripheral pulmonary lesions less



Fig. 2. Path display. After an automatic search for the path, the path (red line) to the terminal point is shown on
each cross-sectional image. The left lower figure shows the bronchial tree, and the purple circle indicates the
target.
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than 2 cm in diameter, and could make a diagnosis
in 17 (65.4%). The mean time to the first biopsy
was 13.0 minutes, and the mean examination
time was 29.3 minutes. In their study, more periph-
eral VB images were produced by a method42

using the pulmonary arteries running along the
bronchi.

Using the VBN system, Asano and colleagues39

performed CT-guided ultrathin bronchoscopy in
38 peripheral pulmonary lesions less than or equal
to 3 cm in diameter, and could guide the broncho-
scope to the expected path without using x-ray
fluoroscopy in 36 lesions (94.7%). The arrival of
biopsy instruments at the lesion could be
confirmed by CT in 33 lesions, and diagnosis
was possible in 31 (81.6%). The median time
required to use the system was 2.6 minutes, and
the total examination time was 24.9 minutes. It is
of note that the biopsy instrument arrival rate and
diagnostic yield were high (96.4 and 89.3%,
respectively) in 28 lesions showing bronchial
involvement than otherwise.

Shinagawa and colleagues43 performed CT-
guided ultrathin bronchoscopy using the VBN
system in 71 lesions less than 2 cm in diameter.
The diagnostic yield was high (70.4%) but did not
differ from the previous study at their institution.
They stated that this was because of a higher
percentage of benign cases considered to be
associated with a low diagnostic yield. Although
the comparison was retrospective, the mean
time to the first biopsy was 8.5 minutes and the
total examination time was 24.5 minutes, showing
significant decreases in time from the previous
study.

Shinagawa and colleagues44 analyzed 85 lesions
(<2 cm) by combining the two studies,41,43 and re-
ported that the location of the lesion (left superior
segment of the lower lobe, S6) contributed to the
diagnostic yield, and the diagnostic yield was high
in lesions for which the ultrathin bronchoscope
could be advanced to areas peripheral to the fifth-
generation bronchi and those showing an involved
bronchus or pulmonary artery.

When these reports are summarized, the diag-
nostic yield by CT-guided ultrathin bronchoscopy
combined with VBN was 65.4% to 86.1% in all
lesions and 65.4% to 80.8% in lesions less than 2



Fig. 3. VB image production, thumbnail registry. VB images of the path are automatically produced. While VB
images are peripherally advanced, the bronchus for insertion is marked (cross) at each branching and registered
as a thumbnail (lower area of the figure). The circle indicates the direction of the target.
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cm in diameter. Although the comparison is retro-
spective, the usefulness of the VBN system has
been confirmed. VBN is associated with a high-
diagnostic yield and may be useful when diagnosis
Fig. 4. Navigational bronchoscopy using the VBN system. Usi
playedincomparisonwithrealbronchoscopic images.Basedon
is impossible by other combinations of methods.
On the other hand, the problems of the combination
include radiation exposure caused by the CT, the
cost of the use of the CT room, and the small size
ng this system, VB images of the target bronchus are dis-
these images, thebronchoscopeisadvancedtothetarget.



Table1
Diagnosis of pulmonary peripheral lesions usingVBN

Authors Years References
VBN
System

External
Diameter of the
Bronchoscope
(mm)

Confirmation
of Arrival

No. of
Examined
Lesions

No. of
Diagnosed
Lesions

Diagnostic
Yield (%)

No. of
Lesions
<2 cm

No. of
Diagnosed
Lesions <2 cm

Diagnostic
Yield for
Lesions
<2 cm (%)

1. Asano et al 2002 37 Not used 2.8 CT and x-ray
fluoroscopy

36 31 86.1 26 21 80.8

2. Shinagawa et al 2004 41 Not used 2.8 CT fluoroscopy 26 17 65.4 26 17 65.4

3. Asahina et al 2005 49 Not used 4.0, 5.3 EBUS 30 19 63.3 18 8 44.4

4. Asano et al 2006 39 Used 2.8 CT and x-ray
fluoroscopy

38 31 81.6 26 21 80.8

5. Shinagawa et al 2007 43 Used 2.8 CT fluoroscopy 71 50 70.4 71 50 70.4

6. Tachihara et al 2007 45 Used 2.8, 5.2 X-ray fluoroscopy 96 60 62.5 77 42 54.5

7. Asano et al 2008 38 Used 4.0 EBUS 32 27 84.4 15 11 73.3

8. Asano et al 2008 40 Used 4.0 EBUS 99 80 80.8 58 44 75.9

Summary 428 315 73.6 317 214 67.5
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of the sample collected. Therefore, proper case
selection is important and the combined use of all
cytologic specimens may be important.

X-ray Fluoroscopy

Tachihara and colleagues45 used the VBN system
in 96 peripheral pulmonary lesions less than or
equal to 3 cm in diameter and reported diagnostic
yields of 62.5% in all lesions and 54.5% in lesions
less than or equal to 2 cm in diameter, respec-
tively, and an examination time of 24.1 minutes.
The diagnostic yield did not significantly differ
among lesions located in the central, intermediate,
and peripheral regions.

VBN under x-ray fluoroscopy was reported only
in the present study. However, because bronchos-
copy under x-ray fluoroscopy is readily and widely
performed, further studies on its usefulness are
necessary.

Endobronchial Ultrasonography with
a Guide Sheath

Regarding bronchoscopy for peripheral pulmonary
lesions, EBUS has recently been reported to be
useful for evaluating the location of the lesion.46,47

EBUS-GS is a method in which arrival at the lesion
is confirmed using an ultrasound probe with a guide
sheath, and the lesion is biopsied through the guide
sheath placed at the lesion.48

Asahina and colleagues49 performed EBUS-GS
under VBN in 30 peripheral pulmonary lesions
less than or equal to 3 cm in diameter. As a result,
24 lesions (80%) were visualized by EBUS and 19
(63.3%) could be diagnosed. The diagnostic yield
did not differ among bronchoscopists.

Asano and colleagues38 performed EBUS-GS
using a VBN system and a thin bronchoscope
(external diameter, 4.0 mm; forceps channel,
2.0 mm) in 32 peripheral pulmonary lesions. VB
images to a median of the fifth-generation bronchi
could be produced and the branchings in VB
images were in agreement with those in the real
images in all cases. The median observation range
using a thin bronchoscope was the fifth-genera-
tion bronchi. EBUS allowed the visualization of
30 lesions (93.8%), of which 27 could be diag-
nosed (84.4%). In this study, unlike Asahina’s
study, no curette-type instrument was used to
lead the guide sheath. However, even in lesions
less than or equal to 3 cm, 91.4% could be visual-
ized and the diagnostic yield was 79.2%. These
results suggest that most lesions can be visualized
without the guidance of the EBUS probe if the
bronchi leading to the lesion are correctly selected
to the fifth-generation bronchi by a thin
bronchoscope.
To objectively confirm the usefulness of the VBN
system, Asano and colleagues40 performed a mul-
ticentered, joint randomized study: Virtual Naviga-
tion in Japan (V-NINJA) bronchoscopic trial. Two
hundred subjects who had peripheral pulmonary
lesions less than or equal to 3 cm in diameter
were randomized into two groups with and without
using the VBN system (VBN and non-VBN groups,
respectively) and performed biopsy using EBUS-
GS. A thin bronchoscope was guided using the
VBN in the VBN group and axial CT images in
the non-VBN group. In the VBN group, VB images
could be produced to the fourth- to twelfth-
(median, sixth-) generation bronchi, and the rate
of agreement with real images was 98%. The diag-
nostic yield in the VBN group (80.8%, 80/99) was
significantly higher than that in the non-VBN group
(67.4%, 64/95) at P<.05. The time until the initiation
of the biopsy and the examination time (median,
8.1 and 24 minutes, respectively) were significantly
shortened in the VBN compared with the non-VBN
group P<.05.

When these reports are summarized, the diag-
nostic yield using VBN in combination with
EBUS-GS is 63.3% to 84.4% in all lesions and
44.4% to 75.9% in lesions less than 2 cm in diam-
eter. This method requires an EBUS system, but
this system is inexpensive and simple. In addition,
this combination is applicable to lesions that
cannot be visualized by fluoroscopy, is accurate,
and allows collection of multiple samples from
the lesion. It is possible that the combination of
a VBN system, a thin bronchoscope, and EBUS-
GS will become the routine examination method
for peripheral pulmonary lesions.
APPLICATION TO TREATMENT

VBN is applicable to not only for the diagnostic
purposes but it can also be used for therapeutic
purposes. Asano and colleagues50,51 performed
CT-guided transbronchial marking to clarify the
location of the lesion and the resection range at
the time of thoracoscopic surgery. The subjects
consisted of 23 individuals who had 31 lesions
showing a pure ground-glass opacity pattern less
than or equal to 1 cm in diameter. The lesion could
not be confirmed in any case under x-ray fluoros-
copy. After an ultrathin bronchoscope was guided
to a median of the sixth-generation bronchus
under VBN, a site near the lesion was marked
using a special catheter under CT guidance. The
median distance from the barium marker and
lesion was 4 mm, and marking within 1 cm was
possible in 27 lesions. The required time was
23.5 minutes per subject. Seven subjects had
multiple lesions and three of them had bilateral
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lesions. However, no complication was observed
in any subject. Thoracoscopic partial resection
was performed after 22 days or less, and the
lesion, together with the barium marker, could be
resected in all subjects. This method causes no
complications, such as pneumothorax and hemor-
rhage, which are often observed with the percuta-
neous method. The procedure could be readily
performed and can be used for multiple lesions.
In addition, the resection range can be three-
dimensionally indicated by multiple markings.
ADVANTAGES AND LIMITATION OF VIRTUAL
BRONCHOSCOPIC NAVIGATION

When the results of the studies discussed earlier
are summarized, the diagnostic yield is 73.6% for
peripheral pulmonary lesions and 67.5% for those
less than 2 cm in diameter (see Table 1). The diag-
nostic yield is affected not only by the size of the
lesion but also by the type of disease, location,
and presence/absence of bronchial involvement.
Therefore, direct comparison is difficult, but the
diagnostic yield was high compared with the
current diagnostic yield (34%) according to
ACCP Guidelines. One advantage of VBN is the
improvement in the diagnostic yield. However, to
confirm that this improvement is also observed
by VBN used in combination with methods other
than EBUS, randomized studies are necessary.
VBN facilitates the guidance of the bronchoscope
to the peripheral lesions. As a result, a high diag-
nostic yield may be achieved irrespective of the
skill or experience of the bronchoscopist. VBN is
a safe method in which the bronchoscope is
guided by looking at the real image and the virtual
image and no complications of VBN itself have
been reported. In addition, because VBN requires
no special apparatus except software, the cost is
not generally prohibitive.

A limitation is that arrival at the lesion cannot be
confirmed by VBN itself, unlike electromagnetic
navigation.52,53 Its combination with fluoroscopy,
CT, or EBUS is necessary to confirm localization
of the lesion. If a thin or ultrathin bronchoscope
is used, its guidance to a site near the lesion is
possible. Therefore, in most patients, the guidance
of biopsy instruments is not necessary.
FUTURE PROSPECTS OF VIRTUAL
BRONCHOSCOPIC NAVIGATION

The VBN system currently used is simple and
practical but requires manual adjustment of VB
to real images. A method for automatic adjustment
has been developed.54,55 As a clinical application,
McLennan and colleagues56 used a system
allowing the real-time display of VB images
showing the location of the lesion and path infor-
mation on real images for TBNA biopsy of the
mediastinal lymph nodes, and showed its useful-
ness. Merritt and colleagues57 in a phantom study
reported the usefulness of this system for periph-
eral lesions. For peripheral lesions, there are limita-
tions, such as respiration-associated movements
and difficulty in acquiring a good visual field.
However, if a function for the automatic adjust-
ment of VB to real images is added to the VBN
system, the system will become easier to use.
Because VBN is a useful method to support bron-
choscopy for peripheral lesions, its widespread
acceptance is unavoidable.
SUMMARY

Virtual bronchoscopic navigation is a method for
the guidance of a bronchoscope to peripheral
lesions using VB images of the bronchial path. Irre-
spective of the bronchoscopist’s skill level, the
bronchoscope can be readily guided to the target
in a short time. In addition, a system to automati-
cally search for the bronchial path to the target
has been developed and clinically applied; this
system produces VB images of the path to the
fourth- to twelfth- (median, sixth-) generation
bronchi, and displays the VB images simulta-
neously with real bronchoscopic images. VBN
has been used in combination with CT-guided
ultrathin bronchoscopy, x-ray fluoroscopic bron-
choscopy, and endobronchial ultrasonography
with a guide sheath; the diagnostic yields for
lesions less than 2 cm in diameter in these exam-
inations have been reported to be 65.4% to
80.8%, 54.5%, and 44.4% to 75.9%, respectively
(total, 67.5%). A randomized study showed VBN
improved the diagnostic yield and decreased the
total examination time. VBN is used not only for
diagnosis but also for treatment, such as marking
in thoracoscopic surgery. VBN is a useful method
supporting bronchoscopy for peripheral lesions,
and its widespread use is likely.
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