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ABSTRACT

Introduction: The size of the changes is important for determining the invasiveness of the process and
the stage of development of the neoplastic processes of the lung. The use of the method of virtual
bronchoscopy as a diagnostic method in central lung carcinoma provides non-invasive visualization,
but also abilities to measure changes. Purpose: The study aims to present the results of the application
of the VB method in determining the size of the changes in patients with central lung carcinoma.
Methods: 130 patients, diagnosed with central carcinoma, went VB method, using 64 MDCT Siemens
Definition AS. The criteria size of the changes in different localization (right or left) and sex (women,
men) was considered in the work.

Results: 98 men and 32 women, aged 26-83 years, diagnosed with central lung cancer were examined
using the method of virtual bronchoscopy, in which the size of the changes was monitored. In central
right carcinoma of men, the formations in CT ranged in average from 5 to 68 mm (36.5 + 18.62) and
the largest number of findings were of 21-43 mm (44.5 + 14) in length. The length of the changes in
men with central left carcinoma ranged from 0.45 mm to 31 mm (12.7 £ 10.59). The length of the
changes in women with central right carcinoma was from 0.44 to 1.86 mm (6.45 + 6.83), and in those
with left localization - from 0.6 to 13.1 mm (10.35 + 6.74). In men, all six groups of stenoses were
presented, most of them with sizes over 20 mm, followed by those with sizes below 3 mm. In women,
stenoses were presented in only 3 groups, most of which were less than 3 mm in size. A significant
relation was found between the sex of the studied patients with central carcinoma and the length of the
stenoses. Sex was a determining factor for the length of the stenoses (y*> = 212.77, p = 0.0000).
Conclusions: Virtual bronchoscopy allows accurate metry in all planes. The magnitude of the measured
changes is important for determining the invasiveness of the process. The results obtained in VB should
always be interpreted with axial and multiplanar images.
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INTRODUCTION

Lung cancer is one of the most common causes
of death in the world (1, 2). Virtual
bronchoscopy (VB) is a modern non-invasive
method for diagnosing and evaluating the
tracheobronchial tree, which achieves higher
detection of high-grade stenoses and
visualization of poststenotic areas compared to
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conventional methods of examination (3-5). VB
is a promising method because it makes it
possible to visualize changes in early-stage lung
cancer (6). VB is a very sensitive and specific
diagnostic method of high clinical significance
in the assessment of centrally located lung
tumours (7, 8, 1, 2). VB is able to assess
bronchial stenoses and obturations caused by
both endoluminal pathology (tumour, mucus,
foreign bodies) and external compression
(anatomical structures, tumour, lymph nodes)
etc., leading to accurate diagnosis and treatment
(9, 10, 4, 5). The aim of the present study is to
present the results of the application of the VB
method in determining the size of the changes
in patients with central lung carcinoma.
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MATERIAL AND METHODS

This study included 152 patients, aged 26 to 83
years that went VB method with MDCT.
Patients had been previously diagnosed with the
FB method. Patients were divided into four age
groups (Table 1). 130 patients were diagnosed
with central carcinoma. Twenty-two patients
had negative results and were diagnosed with
other diseases. The VB study was conducted
using 64 MDCT Siemens Definition AS.
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Studies were performed with optimized
standard protocols by using different slice
thickness, current strength, voltage, etc.
Scanning was done with breath-holding for
about 10 seconds, automatically adjusted, with
contrast enhancement or natively. The criteria
size of the changes in different localization
(right or left) and sex (women, men) was
considered in the work.

Table 1. Patient distribution according to diagnosis, age and sex

Diagnosis Central carcinoma

Sex Male, Female,

Age group (yrs) number number

26-35 1 1

36-55 4 4

56-75 69 20

>75 4 7

Total: 130 98 32

Statistical analysis

The significance of changes was assessed by the
2 test. In all cases of variation in the values of
the compared criteria, rank and mean + SD were
defined. The software products MS Excel
(Microsoft 2010), Statistics 10 were used on
statistical data processing (11).

RESULTS

The size of the VB findings along the bronchi
was directly dependent on the CT
characteristics of the tumour formations. The
size, shape, outline and position of the findings
were different, which directly affected the
changes that were found in VB. In central right
carcinoma of men, the formations in CT varied
on average from 5 to 68 mm (36.5 + 18.62) and
the largest number of findings were 21-43 mm
(44.5 £ 14) in length. The shapes were different
- oval, irregular and lobular, causing stenoses
different in shape and size.

In men with central right carcinoma of the
second age group, the oval shape, the irregular
polygonal shape with or without spicules
predominated. The dimensions of the findings
in CT examination were from 14 to 68 mm (41
+ 16.02) and with the induction of different
degrees of stenoses and different types of
stenoses - concentric, eccentric or mixed. The
dimensions with a length of 17-29 mm (23 +
3.89) had the largest number of changes in CT
finding in axial projection. In patients of the
third age group, the size of the findings in the
CT examination was of 23-62 mm (42.5 +
11.69). By VB, the length of the changes
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measured in the bronchi ranged from 0.14 to a
50 mm long lesion (17.54 + 13.57) with tracheal
involvement.

The findings relating to the changes in the
bronchi gave different degrees of stenoses and
length of the changes up to 0.7-17 mm (8.85 +
11.53) in the area of the main bronchi and larger
- up to 4.0 mm in the area of the trachea.

In FB, the size of the formations could not be
accurately determined by indicating varying
degrees of stenosis or obliteration of the
bronchial lumen.

The length of the formations established by VB
in men with central left carcinoma of the third
age group of the axillary CT images ranged
from 12.2 to 83 mm (47.6 + 35.4). The shape of
the formations was different - from regular oval
to irregular, multi-arc or polycyclic; the outlines
were sharp and unsharp, with the presence of
hyperdense spicules. The registered larger
findings in CT showed the presence, in most of
them, of spiculoid hyperdense strands or
hypodense changes centrally.  Bronchial
obturations were registered in 5 of 34 patients
(14.71%), and in one of them the changes were
bilateral.

The following were the changes of the men of
the second age group, characterized by
irregularly shaped stenoses with formations at
CT of 13-32 mm (22.5 + 9.5). In one of the
patients complete obturation was found, and in
all the others stenoses of I-111 degree prevailed.
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The changes in patients of the fourth age group,
registered with central left carcinoma, had the
size of the formations in the CT examination of
14.7-83 mm (48.85 + 34.15). Stenoses varied
from | to 11l degree, with the same number of
those from 111 and those from I-11 degree.

In summary, the length of reported changes in
men with central left carcinoma ranged from 13
to 83 mm (48 £ 35). The length of changes in
virtual bronchoscopy ranged from 0.45 mm to
31 mm (12.7 + 10.59).
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No measurement was performed on FB in most
patients. Single changes from stenoses and
obturations without specific dimensions, but
definable according to the width of the
bronchoscope and the residual length of the
bronchoscope, were reported.

The ability to perform measurement in VB is
one of its biggest advantages, but it should be
borne in mind that in VB accurate
assessment should always be performed by
comparing the dimensions with axial images
and multiplanar reconstructions (Figures 1,
2) .

Figure 1. Measurement of lesions in VB, length (mm)

Figure 2. Measurement of lesions in VB, width (mm)
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In VB examined women with central right
localized carcinoma, the CT size of the finding
in the axial plane, for patients in the third age
group, was 0.44-45 mm (22.72 + 22.28). The
length of the changes in VB was from 0.44 to
1.86 mm (6.45 £ 6.83). Eccentric and concentric
stenoses were found in 90% of patients and
grade I-1ll1 stenoses, and in one patient -
complete bronchial obturation. The results of
the second and fourth age groups showed
stenoses of I-1l degree with CT sizes of the
processes up to 26 mm. In the first age group,
one patient with bronchial obliteration was
identified.

In summary, CT axial dimensions were 26-44
mm (35 + 5.63). The length of the changes in
VB was expressed by stenotic areas to varying
degrees and areas of obturation. In all women,
changes associated with stenoses were observed
(100%), with a predominance of grade I-II. In
10% the stenoses were of the third degree with
complete obturation of the bronchi. The most
severe changes were in the third age group of
women over the age of 60. In FB, changes from
stenoses without specific measurements were
reported.
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The changes detected by VB in women with
central left carcinoma were mainly in patients
of the third age group. The length of the changes
in VB was of 0.6-13.1 mm (10.35 + 6.74). No
measurements were found from FB for women
with central left carcinoma. The findings
referred to the changes in the bronchi in patients
with central carcinomas diagnosed with VB,
gave different degrees and shape of stenoses
and length of changes up to 0.3-0.7-17 mm (6 =+
9.53) in the area of the main bronchi and larger
- up to 43 mm in the area of the trachea. In FB,
the type and grade of bronchial stenoses or
bronchial obturations were described. As with
men the indicators were smaller and very few in
number.

The number of stenoses in size in men and
women with central carcinoma in total could be
assigned to 6 groups (according to Li (12), as
amended): less than 3 mm in size; from 3.1to 5
mm; from 5.1 to 10 mm; from 10.1 to 15 mm;
from 15.1 to 20 mm; over 20 mm. In men, Six
groups of stenoses were presented, most of them
with sizes over 20 mm, followed by those with
sizes less than 3 mm. In women, stenoses were
presented in only 3 groups, most of which were
less than 3 mm in size (Figure 3).
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Figure 3. Groups according to the length of the stenoses (average for men - 0.14-50 mm (15.66 = 12.51);

average for women - 0.44-16 mm (6.45 + 6.83)

A significant relation was found between the
sex of the studied patients with central
carcinoma and the length of the stenoses. Sex is

a determining factor for the length of the
stenoses (¥? = 212.77, p = 0.0000).
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DISCUSSION

A great advantage of the VB method is the
ability to make measurements of both the length
and width of the lumen, the size of the changes
of noticeably enlarged lymph nodes or
neoplastic formations. Determining the width of
the lumen makes it possible to grade the
stenoses (I, 11, 11l degree), thus measuring the
severity of the neoplastic infiltrations. The
advantage of VB is that prestenotic changes,
stenosis, and post-stenotic changes can be
measured, moreover, that the measurements
made in the changed areas are transformed by
software in the made  multiplanar
reconstructions. This greatly supports the
clinical practice for the direction of treatment
and for possible interventions in the area of
change. The altered and stenosed areas in the
FB are determined accurately and correctly on
the bronchoscope with the metry and the
presumed result of the length and width of the
bronchoscope used.

Notwithstanding the advantage of VB for the
ability to determine the magnitude of the
changes, it should be borne in mind that the
method is virtual and the results should always
be interpreted with axial and multiplanar
images. In all studied patients with central
carcinoma, both men and women, a
measurement of the size of the lesion was made
and the changes were compared with the
changes and measurements in the performed
VB. For example, large exobronchial
neoplasms with infiltration give eccentric or
concentric stenoses to several branches with
changes in the length and extent of the stenoses.
In FB, its redness is pointed out as an advantage,
and as a disadvantage - the determination of the
size of the stenosis according to the size of the
bronchoscope. FB does not allow accurate
metrics of changes.

The size of the changes in central carcinomas is
of 6-44 mm. According to the results obtained
for central carcinoma, the localization (left,
right) is a significant factor for the length of
stenoses in men (y? = 268.05, p = 0.0000) and in
women (% = 14.37, p = 0.0024).

Summers et al (13) state that 90% of bronchi (up
to the third generation) measurable by
multiplanar CT transformations are also
measurable by VB. Bronchial diameters
measured by VB are up to one mm from those
measured by the multiplanar reconstructions of
CT data. A number of authors (14-15 and
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others) point out that VB images are visually
accurate and analytically correct, i.e. allow
accurate  measurements,  diagnosis  and
treatment. Cesme (2) studied the efficacy of VB
in patients with central lung carcinoma. The
author points out that VB should be used only
in certain patients due to the longer duration of
diagnosis, compared to multislice CT, because
of the fact that post-processing is performed and
is not related to the patient's radiation exposure.
Clinicians should select cases by assessing
tumour characteristics (size, location) and
patient characteristics (age, impairment of lung
function) to select the most appropriate
endoscopic technigue (16). According to the
results discussed in this study, the VB method
is particularly suitable for determining the
location and size of tumours. The magnitude of
the measured changes is important for
determining the invasiveness of the process.
Depending on the size (length) of the altered
areas in the trachea and main bronchi, VB may
indirectly indicate the stage of carcinoma. Thus,
according to Asano et al (17), 20 mm lesions in
the area of the trachea and main bronchi point
directly to the T3 stage of the neoplasms. This
is supported by the ability to determine changes
of lymph nodes and this should always be
combined with axial images and multiplanar
reconstructions. According to Ferretti et al.
(18), the assessment of the length of stenoses
and the adjacent tissues requires simultaneous
display of the multiplanar transformations.

CONCLUSION

VB makes it possible to measure both the length
and width of the lumen, the size of the changes
from noticeably enlarged lymph nodes or
neoplastic formations. The localization of the
changes (left, right) is significant for the length
of the stenoses in both sexes. Virtual
bronchoscopy allows accurate metry in all
planes. The magnitude of the measured changes
is important for determining the invasiveness of
the process. The results obtained in VB should
always be interpreted with axial and multiplanar
images.
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