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Effectiveness of Virtual Bronchoscopy in Evaluation of

Centrally Located Lung Cancer
Santral Akciger Kanserinin Degerlendirilmesinde Sanal Bronkoskopinin Etkinligi
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Bezmialem Vakif University Faculty of Medicine, Department of Radiology, Istanbul, Turkey

ABSTRACT

Objective: The aim of this study was to compare virtual
bronchoscopy (VB) with multi-slice CT (MSCT) in the diagnosis
of centrally located lung cancer and to investigate the effectiveness
of VB in the diagnosis of the radiologist.

Methods: These patients had central lung mass detected during
thorax tomography and were diagnosed as having centrally located
lung cancer by histopathological examination. Detection and
localization of lesions were determined by MSCT and VB. In
addition, the evaluation time was determined in seconds with an
electronic stopwatch.

Results: The mean age of 32 patients included in the study was
58.14+15.09. Centrally located squamous cell carcinoma (n=19)
and small cell carcinoma (n=13) were included. Eighteen (54.8%)
patients were male and 14 (47.6%) were female. All patients
diagnosed as having centrally located lung cancer detected by
MSCT were also detected by VB (100%). In the evaluation of
patients with MSCT and VB; obstruction and/or lesion and their
localization completely overlapped. The mean duration of MSCT
evaluation of the patients was determined as 58.7 sec, and the mean
duration of VB assessment was 549.9 sec. The mean VB evaluation
duration was found to be statistically significantly longer than the
mean MSCT evaluation duration.

Conclusion: Virtual bronchoscopy does not provide a significant
additional contribution to MSCT in the diagnosis of centrally
located malignant lung tumor. We think that using VB for diagnosis
and navigation will be important in terms of efficiency especially in
selected patients due to its low specificity and high sensitivity.
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(074

Amag: Santral yerlesimli akciger kanseri tanisinda sanal bronkoskopi
uygulamasinin cok kesitli BT (CKBT) ile karsilastirmak ve radyologun
tantya ulasmasinda sanal bronkoskopinin (SB) etkinligini arastirmak.

Yontemler: Otuz iki hasta calismaya dahil edildi. Bu hastalarda
toraks tomografisi sirasinda santral akciger kitlesi saptanmisti ve
histopatolojik inceleme ile santral akciger kanseri tanisi konmustu.
CKBT ve SB ile lezyonlarin tespiti ve lokalizasyonlar: saglandi. Ayrica
elektronik kronometre ile degerlendirme siiresi saniye olarak tespit
edildi.

Bulgular: Calismaya alinan 32 hastanin yas ortalamast 58,14+15,09
idi. Santral yerlesimli skuaméz hiicreli karsinom (n=19) ve kiiciik
hiicreli karsinom (n=13) calisma kapsamina alindi. Hastalarin 18’i
(%54,8) erkek, 14’11 (%47,6) kadin idi. CKBT ile tespit edilen santral
yerlesimli akciger kanseri tanist alan hastalarin tamaminda kanser SB ile
de tespit edildi (%100). Hastalarin CKBT ve SB degerlendirmelerinde
obstritksiyon ve/veya lezyon varligi ve lokalizasyonu tamamen
ortiismektedir.  Hastalarin ~ CKBT  degerlendirme  siirelerinin
ortalamast 58,7 sn, SB degerlendirme siiresi ise ortalama 549,9 sn
olarak belirlendi. SB degerlendirme siirelerinin ortalamasi, CKBT
degerlendirme siirelerinin ortalamalarindan istatistiksel olarak anlamli
derecede uzun bulundu (p=0,0001).

Sonug: Sanal bronkoskopi, santral malign akciger tiimérii tanisinda
CKBT’ye belirgin ek katki saglamamaktadir. SB’nin duyarliliginin
yiiksek olmasina ragmen 6zgiilliigiintin diisiik olmast nedeniyle
ozellikle secilmis hastalarda tani ve navigasyon amaciyla kullanilmasinin
verimlilik acisindan 6nemli olacagini diisiinmekteyiz.

Anahtar Sézciikler: Sanal bronkoskopi, ¢ok kesitli BT, akciger kanseri
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Introduction

Lung cancer ranks first among cancer types that cause death in
men and second in women. The 5-year survival in the early stage
of the disease ranges from 38% to 67% and 1% to 8% in the
late stage (1).

The first diagnostic method used in the diagnosis of lung cancer
is postero anterior (PA) X-ray and Thorax computed tomography
(CT). Centrally located lung cancers are usually diagnosed by
direct bronchoscopy and biopsy. With advances in CT technology
and three-dimensional imaging, obtaining sagittal and coronal
reformat images from axial sections with the help of thin sections
increases the diagnostic accuracy. Multiplanar imaging-guided
evaluation and three-dimensional perception make it easier to
master anatomical structures. With the development of gantry
systems in slip-ring geometry in CT devices, it is possible to
obtain information from a certain volume. Volume information
can be transformed into three-dimensional images with special
software and thus virtual bronchoscopic (VB) examinations can
be performed. It is possible to provide an anatomically realistic
view of the tracheobronchial tree lumen. Although VB can
evaluate the wall and lumen of the respiratory tract, it can guide
the lesion with its navigation feature (2-5).

Our aim in our study was to compare virtual bronchoscopy
application with multi-slice CT (MSCT) in the diagnosis of
centrally located lung cancer and to investigate the effectiveness
of virtual bronchoscopy in the diagnosis

Method

Patient Selection

Among the patients who underwent thoracic tomography,
32 patients diagnosed as having central lung cancer by
histopathological examination were evaluated. Centrally located
squamous cell carcinoma (n=19) and small cell carcinoma (n=13)
were included in the study. Patients with peripheral lung cancer
were not included in the study.

Thorax Multi-Slice CT (MSCT) Imaging

Somatom Sensation 40 (Siemens MedicalSystems, Germany)
MSCT device was used. The imaging was performed in supine
position at axial plane with a section thickness of 0.6 mm, and
with parameters of 100 mAs on average and 120 kV, using
contrast agent. In the “lungcare” program used, the whole thorax
was scanned in approximately 10 seconds with a single breath,
with the pitch factor (table speed/cross section collimation x
number of detectors) being 1.4. CT images were reconstructed
with a thickness of 2 mm and a reconstruction interval of 1 mm.
All image data were sent electronically to a separate workstation
(Leonardo, Siemens, Erlanger, Germany) via the network for
interpretation. Axial CT images and coronal-sagittal multiplanar
reformatted images were evaluated with standard lung window
settings (level, -600 HU; width, 1200 HU) and mediastinal
window settings (level, 40 HU; width, 400 HU).

Tracheobronchial tree was evaluated by imaging the following
structures: The trachea, right main bronchus, right upper lobe
bronchus, right upper lobe antheriopical and posterior segment
entrances, intermediary bronchus, right middle lobe bronchus,
right middle lobe medial and lateral segment entrances, right
lower lobe bronchus, right lower lobe superior, anterobasal,
mediobasal, laterobasal and posterobasal segment entrances,
left main bronchus, left upper lobe bronchus, left upper lobe
apicoposterior and anterior segment entrances, lingula bronchus,
lingula superior and inferior segment entrances, left lower lobe
bronchus, and left lower lobe superior, posterobasal, laterobasal
and anteromediobasal segment entrances. The region and/
or regions where obstruction or lesions were detected were
determined. Additionally, the evaluation time in seconds was
noted with the electronic stopwatch.

Virtual Bronchoscopy

For reconstruction of the images, 512x512 matrix gray-scale
images were obtained using standard and wide reconstruction
algorithms (360° linear interpolation). Image segmentation was
done based on the threshold value. For threshold voxel values,
the lower limit was accepted as -500 and the upper limit was
accepted as 800 Hounsfield units (HU). These values were
chosen in such a way that they could distinguish the mucosal
structure and soft tissues within the airways. VB images obtained
with a computer program called “Shaded Surface Display (SSD)
b” were simultaneously evaluated with axial CT, coronal and
sagittal multiplanar reformation (MPR) images on a computer
screen divided into four equal quadrants in multi-view mode.
Tracheobronchial tree navigation was carried out in “flythrough”
mode involving the trachea, right main bronchus, right upper
lobe bronchus, right upper lobe anteriorapical and posterior
segment entrances, intermediary bronchus, right middle lobe
bronchus, right middle lobe medial and lateral segment entrances,
right lower lobe bronchus, right lower lobe superior, anterobasal,
mediobasal, laterobasal and posterobasal segment entrances,
left main bronchus, left upper lobe bronchus, left upper lobe
apicoposterior and anterior segment entrances, lingula bronchus,
lingula superior and inferior segment entrances, left lower lobe
bronchus, and left lower lobe superior, posterobasal, laterobasal
and anteromediobasal segment entrances. The regions and/
or regions where obstruction or lesions were detected were
determined. In addition, the evaluation time in seconds was
noted with the electronic stopwatch.

Statistical Analysis

Statistical analyzes in this study were performed using the NCSS
(NumberCruncher Statistical System) Statistical Software (Utah,
USA) package program. In addition to descriptive statistical
methods (mean, standard deviation) in the evaluation of the data,
independent t-test was used for the comparison of paired groups.
The results were evaluated at the significance level of p<0.05.

Results

The mean age of 32 patients included in the study was
58.14+15.09. Eighteen (54.8%) patients were male and 14
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(47.6%) were female. All of the patients diagnosed as having
centrally located lung cancer detected by MSCT were detected
by VB (100%) (Figure 1). Presence and localization of
obstruction and/or lesion in MSCT and VB evaluations of the
patients completely overlapped (Figures 2, 3). The mean MSCT
evaluation time of the patients was 58.7 seconds, and the mean
time for VB evaluation was 549.9 seconds. The mean of the VB
evaluation times was found to be statistically significantly longer
than the mean of MSCT evaluation times (p=0.0001).

Discussion

Studies in the field of CT virtual endoscopy were first reported
by Vining et al. (6,7). Researchers presented the first studies
on both the tracheobronchial system, the colon, and the bladder
(6,7). With the developments in software programs and detector
technologies, diagnostic use has become routine today.

Virtual bronchoscopy, colonoscopy and cystoscopy methods
are frequently used in our routine practices today. Virtual
bronchoscopy has high sensitivity in evaluating stenoses in
the tracheobronchial tree. However, the extrinsic-intrinsic
differentiation of stenoses cannot be made with VB alone. For
this, axial, coronal, and sagittal reformatted images should also
be carefully examined (8-10). Accuracy rates in detecting stenoses
were found to be 98% for VB, 96% for sagittal reformatted images
and 96% for coronal reformed images in a study conducted with
MSCT. However, the sensitivity was found to be 95% in axial
images, while it was found to be 90% in VB (8,10).

Pathological events affecting the central airways consist of a
heterogeneous group of diseases. Focal changes can be classified
as malignant (non-small cell carcinoma, small cell carcinoma),
benign (papilloma, hamartoma, carcinoid) and nonneoplastic
diseases. Diffuse changes are enlargement, narrowing and
tracheobronchomalacia in the airways (3-5). Mucosal layer can
be seen directly with direct bronchoscopy. VB provides important
information in evaluating the walls of the airways (3-5).

In our study, a retrospective evaluation was made to reveal
whether the VB facilitated the radiologist’s work in daily practice
in the diagnosis of centrally located lung cancer compared with
the MSCT. In the MSCT and VB evaluations of the patients,
it was found that the presence of obstruction and/or lesion
and the determination of localization completely overlapped.
The addition of VB to MSCT did not add any additional
contribution to diagnostic accuracy of centrally located lung
cancer. However, the mean MSCT evaluation time of the
subjects included in the study were 58.7 seconds, and the mean
VB evaluation time was 549.9 seconds, and the mean VB
evaluation time was considerably longer than the mean MSCT
evaluation time. Multiplanar evaluation of malignant lesions in
MSCT takes less time than VB. The imaging duration can be
seen as a disadvantage for VB. In the study conducted by Hoppe
et al. (8) to evaluate the stenoses in the tracheobronchial tree, it
was emphasized that the sensitivity in axial MSCT was higher
than VB, and that the VB did not provide significant superiority
to MPR images in terms of diagnostic accuracy. However, Hoppe
et al. (8) did not consider the evaluation duration in their study.

.
]

Figure 1. VB showing the airways. Trachea (a), Right and left main bronchus entrances (b), Right upper lobe anterior, posterior
and apical segment entrances (c), Right lung middle lobe medial and lateral segment entrances (d), Right lung lower lobe superior
segment entrance (e), Right lung lower lobe basal segment entrance (f), Left lung upper lobe bronchus, view of second carina
(9), Left lung upper lobe anterior and apicoposterior segment entrances (h), Left lung lingula superior and inferior segment

entrances (i), Left lung lower lobe superior segment entrance (j)

VB: Virtual bronchoscopy
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In the evaluation of endobronchial lesions, measurements such
as bronchial diameter, lesion size and stenosis length can be made
with MPR images. But specificity of VB is low. Differentiation
of bronchial cancer, mucous plaque, benign tumor, clot, foreign
body cannot be made, so its selectivity is low. In a study, it

was reported that the sensitivity of VB in the evaluation of

endobronchial tumors was high (88%) and its specificity was low

(50%) (11).

VB navigation (VBN) system is commonly used today. It
consists of two phases; prebroncoscopic planning phase in
which VB images of the bronchial tree navigating to the target
lesion are created and guidance phase in which the navigation of

Figure 2. A 58-year-old male patient diagnosed as having centrally located squamous cell carcinoma. Coronal MPR (a), axial MSCT
(arrowhead) (b) and VB images (c) showing centrally located mass lesion obstructing the right middle lobe lateral segment

MPR: Multiplanar reformation, MSCT: Multi-slice CT, VB: Virtual bronchoscopy

Figure 3. A 63-year-old male patient diagnosed as having small cell carcinoma. Coronal MPR (a), MSCT and SB images (b) showing
a mass lesion (arrowhead) obstructing the right main bronchus completely

MPR: Multiplanar reformation, MSCT: Multi-slice CT, VB: Virtual bronchoscopy
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bronchoscope to the target lesion is performed using the VBN
system (12-14). VB is very important, especially in terms of
preoperative mapping and navigation (15, 16). In addition, the
most reliable CT finding in foreign body aspiration in children
is the visualization of the foreign body in the tracheobronchial
tree. The location of the foreign body can be easily demonstrated
noninvasively with VB (17). It was reported that VB had
high sensitivity (90%) and specificity (100%) in foreign body
aspiration (17).

In our study, no difference was found in terms of detection and
localization of lesions with VB and MSCT. However, we think that
there is a significant difference in terms of loss of time in reaching
the diagnosis between VB and MSCT and therefore, the use of
VB in intensive radiology practice will be beneficial in selected
patients. The use of VB as a guide in some invasive procedures,
use in the evaluation of patients after surgical interventions such
as transplantation, lung resection or repair of post-traumatic
airway anastomoses, use in the evaluation of stenosis in pediatric
patients with esophageal atresia, distal tracheoesophageal fistula,
H-type fistula and bronchial anastomosis, use in the evaluation
of lobar or segmental bronchial abnormalities and use in the
evaluation of the distal part of the obstruction in the patient
population with high rates of obstruction would be appropriate
for efficiency.

Study Limitations

Among the limitations of the study, the small number of
patients seemed to be the most important limitation. The second
limitation was that benign lesions and peripheral lung lesions
were not included in the study. The third limitation was that
thorax CT and VB were not evaluated by different observers,
so whether there was any difference between observers was not
investigated.

Conclusion

VB does not significantly contribute to MSCT in the diagnosis
of centrally located malignant lung tumor. We think that it will
be important in terms of efficiency to use VB for diagnosis and
navigation, especially in selected patients due to its low specificity
despite its high sensitivity.
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