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ABSTRACT: Multidetector computed tomography-generated virtual bronchoscopy
(VB) is a recent technical development that allows visualisation of the lumen and wall of
the trachea and proximal part of the bronchial tree. A dynamic image is produced that
resembles what is seen with fibreoptic bronchoscopy (FB).

Although the technique has not yet reached daily clinical practice and it can never
replace FB, performing VB can be useful in well-defined clinical situations.

In this paper, the value and limitations of virtual bronchoscopy will be reviewed,
to illustrate the potential role of virtual bronchoscopy in the evaluation of trachea and
bronchial tree pathology.
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Virtual bronchoscopy (VB) is a novel computed tomography
(CT)-based imaging technique that allows a noninvasive
intraluminal evaluation of the tracheobronchial tree. Several
studies have shown that VB can accurately show the lumen
and the diameter of the trachea, the left and right main stem
bronchi, and the bronchial tree down to the fourth order of
bronchial orifices and branches [1, 2]. The morphology of the
carinas can be evaluated accurately and the images look very
similar to that seen with fibreoptic bronchoscopy (FB).

Although VB is a promising imaging tool, this technique is
not currently used in daily clinical practice and more rando-
mised clinical trials are necessary to prove its clinical use.
Nevertheless, it seems valuable to review its potential clinical
indications. The purpose of this paper is to discuss and illus-
trate these indications based on VBs generated from the CT
scans of a randomly selected group of patients.

Materials and methods

Cases were selected retrospectively and randomly from
patients undergoing a multidetector row CT (MDCT) exa-
mination of the chest for various reasons. Selection was based
on the presence of tracheal and bronchial abnormalities
identified on the regular axial images and, when made, on
additional coronal and sagittal reconstructions. MDCT
was performed on a Phillips 16 slice CT (Philips, Best, the
Netherlands). Technical parameters were: Kvp: 120; mAs:
150; collimation: 16*0.75; pitch: 0.9; rotation time: 0.42; slice
thickness: 1 mm and an increment of 1 mm. MDCT was
either performed with or without IV contrast administration
depending on the clinical question. A proprietary virtual
endoscopic software program (Endo3D; Philips) was used to
reconstruct the CT data into VB images. This software pro-
gram uses a volume rendering technique. A threshold value
between -400 and -600 HU was chosen to evaluate the central

bronchial tree. The more distal bronchial tree was evaluated
using a threshold of -750 HU.

Endo3D generates a perspective three-dimensional view
from the inside of an anatomical structure, such as the inner
wall of the colon, trachea or abdominal aorta. This inside-
view is generated step by step, creating a film at the end-point.
The thickness of each step is 2 mm. The images are orientated
with the posterior side at 12 o9clock, the left side at 3 o9clock,
the anterior side at 6 o9clock and the right side at 9 o9clock.

The VB films of each patient were studied together with the
regular axial CT images and when possible reconstructions in
other imaging planes were also performed. VB was also com-
pared with the report of the FB.

Volume rendering and surface rendering are the two
techniques that are generally used to interpret volume. Surface
rendering needs a surface description, which is extracted from
the volume data. Volume rendering directly renders the volume
data, without the need for such an intermediate description.
Virtual bronchoscopic images are created when a three-
dimensional reconstruction, based on these rendering tech-
niques, is strongly enlarged followed by a perspective
computation. A computer interpolation is necessary to increase
the optical resolution in order to maintain a surface whose
appearance is as smooth and as natural as possible. The
principal parameter influencing the quality of the reconstruc-
tion remains the use of a thin slice thickness [3]. A perspective
distortion is necessary in order to choose a projection plane
representing the frontal opening of the lens in the true
bronchoscopy. This perspective distortion results in a more
natural appearance of the objects, but is not so good for
imaging in general. Defining the diameter can be difficult in
the VB [3].

An important parameter for the reconstructions based on
the surface or volume rendering technique is the selection of
an appropriate threshold above which a surface should be
presented as opaque to represent the mucosa. For surface
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rendering, a specific attenuation coefficient is used to define
the air-lumen interface. Depending on the selected attenua-
tion coefficient, surface rendering assigns all structures into
air or wall. There is no transition zone. The optimal single
attenuation coefficient varies between patients and patholo-
gical findings. Surface rendering is sensitive to artefact and
noise [4]. With volume rendering, the entire spiral CT data set
is classified. All pixels are grouped into categories on the base
of their attenuation values. These groups are reconstructed as
separate structures (air, wall and transition zone). With
the existence of this transition zone as a separate structure,
volume rendering enhances mucosal detail and adds depth
and three-dimensional relief to the images [4].

A single threshold value cannot be used for the imaging of
all segments of the tracheobronchial tree. While the value of
-520 HU is appropriate for the central bronchial tree, values
to -720 HU may be needed for the evaluation of the more
distal bronchial tree. An incorrect threshold can produce
artefacts like artificial endoluminal masses or openings in the
mucosa [5].

The author9s experience in reading VB is based onw400 VB
performed during the last 6 months and mostly carried out in
an experimental set-up, although the CT scans that were the
base of the VB for the current study were done in a clinical
setting. Recently, the technique was introduced into daily
clinical practice and is now used in selected cases, e.g. in
the evaluation of the bronchial suture in lung transplant
recipients and in patients who cannot undergo FB.

The time necessary to examine the central bronchial tree
with VB is y15 min. There is no additional cost for the
patient, since virtual bronchoscopic imaging is performed
using the data from the diagnostic CT.

Evaluation of bronchial stenosis

HOPPE et al. [6] have previously examined whether coronal
and sagittal reformations and VB could increase the accuracy
of axial CT images to reveal tracheal and bronchial stenosis.
These authors found that axial scans had an accuracy of 96%,
while accuracy for coronal and sagittal reconstructions was 96
and 96.5%, respectively. When VB was performed accuracy
increased to 98% (fig. 1). They also showed that there was
a good correlation between VB and FB when the grade of
tracheobronchial stenosis resulting from either endoluminal
pathology or external impression was estimated. These
correlations were also better than when tracheobronchial
stenosis was graded on axial slices or on reformatted images
[6]. This was confirmed by BURKE et al. [7] who showed that
VB was accurate in assessing width and length of fixed airway
lesions. Correlations between FB and VB were excellent when
shape and contour of the stenosis were studied, while stenosis-
to-lumen ratios were found to be within 10% (SD=8).
However, when based on dynamic airway lesions, such as
immobile true vocal cords, innominate artery compression
and laryngotracheomalacy, VB was unable to detect the cause
of airway obstruction [7].

Bronchogenic carcinoma

CT is routinely performed to detect, stage and follow-up
primary lung tumours. In most cases only axial CT slices are
used for evaluation although with the introduction of newer
and faster computers additional two-dimensional and three-
dimensional reconstructions are often made to improve
the diagnosis, description and staging of these tumours.
FINKELSTEIN et al. [8] examined the potential role of VB and

found that the sensitivity of VB was 100% for detection of
obstructive lesions (figs 2 and 3), and 83% for endoluminal
nonobstructive lesions, but the sensitivity for mucosal
abnormalities was 0%. The specificity of VB was 100%.

In most cases, VB is able to depict direct tumour signs, such
as a tumoral mass, a wall irregularity or a loss of cartilages.
Indirect signs, such as stenosis or obstruction, compression or
swelling, can often be visualised. However, mucosal infiltra-
tion, vascular dilatation and necrosis are usually missed [3].

RAPP-BERNHARDT et al. [9] identified endoluminal tumours
by VB and grade of the stenosis was calculated and compared
with measurements obtained from FB, axial CT slices, multiple
plane reconstruction and minimal intension projection recon-
structions. No significant differences were found when VB
and FB were compared. However, axial CT slices, multi planar
reconstructions and minimal intensity projections showed
poorer results with over- or underestimation of the stenoses [9].

These preliminary evaluations indicate that VB may be a
promising and noninvasive modality for identifying and
grading bronchial obstructions and endoluminal lesions.
However, VB does not currently enable detection of subtle
mucosal lesions and, for this reason, this modality is not
appropriate for identifying premalignant lesions in the
respiratory tract [8].

In addition, very viscous secretions in the bronchial tree or
coagulated blood can mimic a stenosis or occlusion, and only
a careful comparison with the axial CT images makes diffe-
rentiation possible [1]. However, excessive smoothing of the
airways generated by the computer algorithm can produce
false-negatives [10]. An important advantage of VB over FB
is that axial and, when performed, reformatted images are
available. Combining the information from these images
allows not only the intraluminal proliferation of the tumour
to be appreciated, but also the extraluminal extension of the

a) b)

c) d)

Fig. 1. – A chest computed tomography (CT) was performed on an
81-yr-old with dyspnoea and a right-sided pleural effusion, to exclude
a tumoral process. a) Axial CT image, b) coronal reconstruction, c)
virtual bronchoscopic (VB) and d) a fibreoptical bronchoscopic (FB)
view of the right intermediate bronchus (RIB). The VB shows
narrowing of the RIB due to a mass (arrow), which is extending into
the lumen at the left side of this bronchus. This mass is suspicious for
a bronchial tumour. The finding is confirmed during FB, and good
correlations were found between both techniques, in both the evalua-
tion of the bronchial diameter and in the evaluation of the tumour.
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mass and its relation to the bronchial tree. Another advantage
of VB is that the bronchial tree, distal to an obstruction that
cannot be passed with FB, can be evaluated [7, 11–13]. In this
way the length of the stenosis can be estimated, which is of
course impossible when the fibreoptic bronchoscope cannot
pass the stenosis. VB can also look at the distal border of an

endoluminal mass or stenosis by "retroflexing the virtual
bronchoscope" [7, 11–13]. In contrast to FB, VB is able to
visualise the bronchial tree down to the fourth or fifth
generation of bronchi. Finally, VB can provide a road map
for FB and guide transbronchial biopsy and endobronchial
treatment [1].

External compression

VB can be useful to visualise external compressions on the
bronchial wall not involving the mucosa (fig. 4). These
compressions can be caused by normal anato-
mical structures (i.e. aortic arch, oesophagus) or can be
caused by pathological structures (i.e. extraluminal tumour,
enlarged lymph nodes, fibrotic masses). Correlating the
position of the virtual bronchoscope with the axial CT
images usually allows the exact localisation and cause of the
external compression to be defined. However, small compres-
sions are difficult to detect and may be underestimated in 25%
of patients [12].

Anatomical malformation and variants

VB may also be used in selected cases to study congenital or
acquired anatomical malformations, e.g. tracheal or bron-
chial diverticula (fig. 5), and tracheal bronchi. These are often
incidental findings and treatment is not necessary in most
cases. When a detailed study of the malformation is required
VB can be performed and can replace the more invasive FB.
If the malformation was depicted on a CT examination, no
additional radiation to the patient is necessary, since the VB
images can be calculated from the existing CT data.

a) b)

c) d)

Fig. 2. – A 52-yr-old patient with a tumour of the tongue and a
suspicious lesion in the right lung (an invasive spinocellular carci-
noma). An axial image (a) and a coronal reconstruction (b) of the
right hilum are shown, confirming the presence of the mass, which is
invading the tracheobronchial tree at the level of the secondary
carina. Virtual bronchoscopy (VB) (c) shows a polypoid tumoral
proliferation (arrow) at the distal part of the right main stem
bronchus and secondary carina. VB could pass along this tumoral
process into the right intermediate bronchus. Fibreoptic broncho-
scopy (d) shows the same lesion (arrow), but could not pass the lesion.

a) b) c)

d) e) f)

Fig. 3. – A 62-yr-old patient with left-sided lobectomia superior and
tumour recurrence at the left main bronchus. Virtual bronchoscopy
(VB) of the left main bronchus shows the endoluminal proliferation
of the tumour on the dorsal side of the left main bronchus (a; arrow),
which is occluding almost the entire lumen. The VB passes along the
tumour (b) and the secondary carina (c). By retroflexing the virtual
bronchoscope the distal aspect of the endoluminal tumour (d; arrow)
is seen on the dorsal side of the left main bronchus. The VB view,
when passing the tumour from distal to proximal through a very
small passage (e) and a retrograde view into the trachea (f) are also
shown.

a) b)

c) d)

Fig. 4. – A 75-yr-old patient with a tumoral process in the left hilum
and with hilar adenopathies. a) Axial computed tomography images
and b) coronal reconstructions show the enlarged lymph nodes in the
left hilum (arrow), especially anterior to the left main bronchus. Virtual
bronchoscopy (c, d) shows a narrowing of the left main bronchus due
to an impression on the ventral part of this left main bronchus
(arrow). This impression is caused by the enlarged hilar lymph nodes.

778 W. DE WEVER ET AL.



Evaluation of trachea and bronchi in children

Indications for flexible bronchoscopy are, especially in very
young children, restricted, because of its invasive character
and also owing to the inevitable general anaesthesia. Besides
the radiation that usually can be kept to a minimum in
children, a VB is less invasive than a FB because a simple
sedation is usually sufficient to perform the CT scan.
Nevertheless, indications for a VB in children should be
defined clearly and individually. The image quality of a VB in
neonates is indeed mostly inferior to that in adults because of
the smaller diameter of the airways [14]. In addition, artefacts
due to respiratory motion or mucus plugs can mimic path-
ology. Respiratory motion is often a problem and is related to
the fact that it is usually impossible to perform the exami-
nation during one breath hold. Fortunately, new multi-
detector CT techniques allow very short acquisition times
and, in addition, reduce radiation exposure [15]. A potential
indication for a VB in children is to rule out bronchial
abnormalities, such as stenosis (figs 6 and 7) or aberrant
bronchi, as a cause of recurrent infiltrates seen on a chest
radiograph. KIRCHNER et al. [16] showed that VB could avoid
additional diagnostic bronchoscopy in a high percentage
(73%) of cases.

Guidance of transbronchial biopsy

Blind lymph nodal transbronchial biopsies by means of FB
do not have high sensitivity. The success rate is 94% for
lesions visible during the procedure [17], but only 50% for
lymph nodes and tumours that are not visible [15]. When the
mucosa appears normal, the bioptical sampling can only be
approximated. This is the reason false-positives biopsies are
very rare, but false-negatives are numerous [17]. This delay in
staging induces a delay in the start of the chemotherapy,
because more invasive staging procedures are necessary [18].
Information from VB in combination with axial CT images

and coronal or sagittal reconstructions can be helpful in
determining the best location for a transbronchial biopsy,
especially for lesions that do not affect the mucosa nor distort
the airways [18, 19]. VB can also help the bronchoscopist
define the optimum pathway for passing instruments into
lesions beyond the field of view [12, 20, 21]. It has been shown
that VB significantly increases the success rate of transbron-
chial biopsy in pretracheal and hilar enlarged lymph nodes
and in small (v1.5 cm) lymph nodes [18]. However, for
subcarinal and aortopulmonary window lymph nodes sam-
pling, this increase was not significant [18]. New software
programs making the airway wall semitransparent, revealing
extrabronchial structures with a perspective view, are pro-
mising and can help to identify the lymph nodes adjacent to
the trachea and bronchial tree. Research work is also being
performed on software for assisted needle aspiration where
VB is no longer a passive guide but actively guides the
transbronchial biopsy.

Pre- and postoperative assessment

Preoperative planning

VB can be helpful to guide endobronchial procedures, such
as laser photocoagulation, brachytherapy, endobronchial
cryotherapy and placement of endobronchial stents [11, 19].

VB can provide exact information on luminal diameter and
length of stenosis, which is necessary for accurate stent place-
ment (fig. 8) [7, 22]. VB and three-dimensional images also
provide an easier global understanding of the tracheobron-
chial status [23] and the relationship with the surrounding
normal or pathological structures.

Postoperative evaluation

VB is not only helpful during preoperative staging, but can
be used also as a follow-up imaging tool in the postoperative

a) b) c) d)

e) f) g) h)

Fig. 5. – A 59-yr-old patient with left-sided malignant mesothelioma and a trachea diverticle as an incidental finding. Virtual bronchoscopy shows
a small opening on the dorsal side of the trachea (a, b), the VB entering the opening (c, d), retroflexing the virtual bronchoscope in the diverticle
(e, f) and re-entering of the VB into the trachea (g). Three-dimensional reformatting (h) shows a small air-containing lesion protruding from the
tracheal wall, the trachea diverticle.
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assessment of patients with treatment of the bronchial tree in
the evaluation of stenoses, and evaluation of the position and
permeability of a stent (fig. 9) [11, 12, 24].

Evaluation of the surgical suture after lung transplantation,
lobectomy and pneumectomy is even possible. MCADAMS

et al. [11] showed that VB was slightly more accurate than
axial CT for the diagnosis of clinically relevant stenosis at
bronchial anastomosis in lung transplant recipients.

Research applications and educational tool

Besides the clinical indications, VB may also be used in
educational and research applications, to teach and learn the
tracheobronchial anatomy as it appears at bronchoscopy.
This "flight simulator" not only helps training pulmonologists
to learn how to perform a FB but can also help them, when
interpreted immediately before the fibreoptic procedure, to

a) b) c) d)

e) f) g) h)

Fig. 6. – A 2-yr-old child with congenital narrowing of the left main bronchus and retro-obstructive emphysema of the left lung. Virtual
bronchoscopy shows a normal carina (a) and an almost 100% narrowing of left main bronchus (b–d). The narrowing was passed virtually (f, g),
and distal from this narrowing the bronchial tree was open and normal (h).

a) b)

c) d)

Fig. 7. – The same 2-yr-old child with congenital narrowing of the left
main bronchus and retro-obstructive emphysema of the left lung as in
fig. 6. Axial CT images (a, b) and coronal reconstructions (c) show
the retroobstructive air trapping of the left lung. The three-
dimensional reformatted images (d) show the congenital stenosis of
the left main bronchus.

a) b)

c) d)

Fig. 8. – A 60-yr-old patient with left lung transplantation. Coronal
reconstructions (a) and three-dimensional reformatted imaging (b)
reveal the important stenosis located at the suture of the transplanted
lung (arrow). Virtual bronchoscopy (c, d) shows the narrowing
involving more than two thirds of the lumen and can pass the
stenosis to examine the (normal) distal bronchial tree.
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perform this invasive procedure faster and more efficiently [3,
25, 26].

Conclusion

VB is a novel technique for noninvasive evaluation of the
tracheobronchial tree. In comparison with real bronchoscopy,
VB has the advantage of being a noninvasive procedure that
can visualise areas inaccessible to the flexible bronchoscope.
Preliminary evaluation indicates that VB may be a promising
and noninvasive modality for identifying bronchial obstruc-
tions and endoluminal lesions, as well as for assessing the
tracheobronchial tree beyond stenoses.

However, VB does not currently enable the detection of
subtle mucosal lesions [2, 8]. In addition, the patient is exposed
to radiation and although VB is accurate [11, 12, 23, 27], it is
not 100%. False-positives and false-negatives occur. Feasi-
bility of virtual bronchoscopy also depends on the availability
and use of the CT hardware and software, and on the
observer9s experience [28].

Virtual bronchoscopy will never replace actual broncho-
scopy, but in selected cases it can assist and direct fibreoptical
bronchoscopy and can sometimes give additional informa-
tion. It can be expected that in the near future, this technique
will be used on a daily basis [3].
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