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Аbstract 
Background: evaluation of the trachea and bronchi for infiltration 
and ruptures of a neoplastic process originating from the thyroid 
gland.
Methods: virtual bronchoscopy with multidetector computed tomog-
raphy; standard criteria. 
Results: The present is a case of changes in the shape of the trachea 
from external compression, stenosis and dislocation, diagnosed with 
virtual bronchoscopy in a woman of 57 years, as a result of a tumour 
formation, originating from the thyroid gland (struma nodosa). The 
described morphological characteristics of the findings from the axial 
and multiplanar reconstructions of the native and intravenous post-
contrast computed tomography point to the benign characteristics of 
the formation
Conclusions: with virtual bronchoscopy, the degree of stenosis and 
its length can be established, a lack of infiltration of the wall by the 
formation can be proved, as well as the absence of enlarged lymph 
nodes. Virtual bronchoscopy allows making evaluation of the carina. 
VB of the CT examination did not detect infiltrations and abnormali-
ties of the wall as fistulous passages, and no evidence of tracheal and 
bronchial ruptures from the described neoplastic process.
Keywords: Virtual bronchoscopy, Thyroid carcinoma, Tracheal 
rupture
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Introduction
Virtual bronchoscopy (VB) is a new non-invasive 
method for three-dimensional reconstruction and 
evaluation of the tracheobronchial tree (1, 2, 3). 
It involves the application of three-dimensional 
techniques for the imaging of the respiratory pas-
sages, allowing the simulation and navigation of 
real bronchoscopic procedures such as the detec-
tion of endobronchial abnormalities; performing 
transbronchial needle aspiration; diagnosis of small 
peripheral lung lesions (< 20 mm in diameter), 
etc. (4). Multidetector computed tomography is 
the appropriate modality for examining suspected 
respiratory pathologies (5, 6, 7). The present study 
aims to present the potential of VB in ruptures 
and stenoses of the trachea as a result of a benign 
tumour formation originating from the thyroid 
gland.

Methods
The object of the study is a 57 years old woman 
with changes in the shape of the trachea from 
external compression, stenosis and dislocation, 
as a result of a tumour formation of the thyroid 
gland. She is diagnosed with the modality of VB. 
The study was performed on 64 МDCТ “Sie-
mens Definition АS”. Scanning was performed 
with post-processing and was done at 0.6 mm. 
MDVB was performed based on the obtained 
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reconstructed images. The additional processing 
was executed with a protocol for virtual bron-
choscopy. “Siemens” workstation was used with 
“Singovia VB20” software, and “Siemens Defini-
tion AS” workstations with the capacity to track 
and match the images in the axial, coronary, 
sagittal planes. Multiplanar reconstructions were 
performed by applying MIP techniques and capa-
bilities to archive and export images and video. 
The optimized standard protocol was used (cur-
rent strength 80–100 mAs, voltage 100 kV, 3 
mm beam collimation, reconstruction of 0.6 mm, 
rotation speed at 0.5 sec, pitch D-FOV Large). 
Criteria for pathological changes in ruptures of 
trachea include localization of thyroid carcinoma, 
disposition of carcinoma; length of stenosis (mm); 
a distance of the carina (mm).

Results
The present is a case of changes in the shape of the 
trachea from external compression, stenosis and 
dislocation, diagnosed with VB in a woman of 57 
years, as a result of a tumour formation, originat-
ing from the thyroid gland (struma� nodosa). On 
the right, in the lower cervical region, originating 
from the right thyroid lobe of the thyroid gland, 
4 cm above the carina, a large oval heterodense 
formation with the density of 42-56 Hounsfield 
units (HE) is visible with native CT scan, as well 
as the presence of irregular macrocalcifications. 
It passes through the upper thoracic aperture and 
enters the upper posterior mediastinum. The out-
lines of the formation appear correct, smooth and 
sharp. The dimensions of the findings in the axial 
plane are 66.1 / 53.0 mm, and in the coronary 
plane – 49.1 / 45.4 mm. On the native CT scan, the 
described findings are located in the upper pos-
terior mediastinum and without clear distinction 
from the adjoining vena cava superior, arteria 
subclavia dextra, truncus carotis dextra, and also 
from the distal part of the trachea and the right 
upper lobe bronchus. Compression and disloca-
tion to the left, distal to the trachea, and stenosis 
of the lumen up to 9.0 mm are found. There is an 
arcuate compression caudal to the right upper lobe 
bronchus with partial, about 20 percent stenosis of 
the bronchus. The carina is unchanged and with a 
trade angle. After intravenous administration of 
contrast medium (Yopamiro, 350–100 ml), strong 

and inhomogeneous contrast medium capturing is 
seen as the findings increased its density to 99.7 
HE. The adjacent vascular structures are depicted 
normally, with smooth and sharp outlines, par-
tially stenosed and compressed, with their walls 
well-shaped and intact. The trachea and adjacent 
bronchus appeare to be compressed without being 
infiltrated by the findings. 

Figure 1. Tumor in axial projection with contrast medium 
(CT )

Figure 2. Tumor in the coronary plane (CT)
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Figure 3. Coronary plane with intravenous contrast (CT)

On the made VB, the lumen of the trachea was 
arch-compressed on the right side, for a length 
of 50 mm, narrowing it laterally to 9.0 mm. The 
wall had a regular arcuate linear impression from 
external compression. It looks with smooth and 
straight outline without disturbed integrity. No vis-
ible signs of tracheal and bronchial infiltration can 
be seen from the described finding. Distally the 
segmental and subsegmental bronchi are also with 
preserved passability. No pathological changes are 
seen on the left. The entire mediastinum is located 
to the left. Significantly enlarged lymph nodes are 
not seen.
The described morphological characteristics of the 
findings from the axial and multiplanar reconstruc-
tions of the native and intravenous post-contrast 
computed tomography (CT) point to the benign 
characteristics of the formation (struma� nodosa), 
which originates from the right thyroid lobe and 
enters the upper posterior mediastinum, before the 
upper thoracic aperture, compressing and dislocat-
ing the vessels, trachea and bronchi without infil-
trating them.
The post-processing VB also proves regular and 
smooth outline of the wall of the trachea and bron-
chi, with narrowing of the lumen, regular linearity 

of the contours, preserved integrity of these organs, 
without evidence of infiltration from the pathologi-
cal findings. 

Figure 4. Tracheal stenosis and right upper bronchial 
bronchus (VB)
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Figure 5. Arcuate compression and stenosis of the 
trachea (VB)

Discussions
Shepard et al. (8) provide an overview of the pos-
sibilities of depicting various benign and malignant 
diseases that directly or indirectly affect the tra-
chea, including cancers of the thyroid. They iden-
tify CT as an appropriate modality for their imag-
ing and for improving diagnosis when evaluating 
tracheal abnormalities. CT has several advantages 
such as excellent spatial resolution and the abil-
ity to generate multiplanar reformations and 3D 
reconstructions; rapid and non-invasive evaluation 
of the tracheobronchial tree. CT detectors retain 
the spatial resolution in the axial, coronal and sag-
ittal planes. Multidetector computed tomography 
(MDCT) has been identified as an excellent diag-
nostic tool for detecting, localizing, and examining 
the extent of respiratory pathologies, regardless of 
whether the disease is local or remotely situated. 
VB 3D reconstruction from CT images is a useful 
diagnostic tool because it offers a non-invasive 
technique for examining the tracheobronchial tree 
(5, 6, 7). Ferretti et al. (9) investigate the use of VB 
in imaging stenoses of the tracheobronchial tree. 
The study is conducted with 29 patients, with 41 
stenoses proven with FB. Two of the stenoses they 
report as a result of Malignant Thyroid Carcinoma. 
The remaining stenoses are the result of Lung 
cancer (27); Esophageal carcinoma (1); Benign 
diseases (11). They achieve good imaging qual-

ity of the airway inner walls in 27 of 29 patients 
(93%). They find 39 of 41 airway stenoses (95%). 
Through MPR and VB, they do not detect only two 
small stenoses (<25%) in patients in the very bad 
condition who do not meet the breathing retention 
requirements during the one-minute hyperventila-
tion period before CT scanning. The authors also 
indicate that all stenoses depicted by VB are also 
detected by axial CT scan. According to the authors, 
the assessment of stenosis length and airway wall 
thickness at the stenosis level requires the simul-
taneous display of the multiplanar reconstruction 
(MPR) and VB images. They do not detect mucosal 
abnormalities with VB. They recommend that VB 
images be combined with axial images or MPR. In 
their opinion the advantage of VB is the fact that 
the perspective of VB on display is within the axis 
of the airways, thus explaining the more prominent 
results of CT with VB than with axial CT or even 
with MPR alone. Finkelstein et al. (1) apply the 
VB method to compare its diagnostic potential to 
that of FB in assessing suspected tracheobronchial 
lesions in patients with thoracic malignant tumours. 
Thirty-two patients are studied, 12 of them with 
non-small-cell lung cancer; 3 with small cell lung 
cancer; 8 with renal cell cancer; 5 with metastatic 
melanoma; 2 with metastatic thyroid cancer; 1 with 
sarcoma and 1 with oesophagal cancer. Using VB, 
they identify 18 of the 22 anomalies identified by 
FB. These are 13 of 13 obstructive lesions; 5 of 6 
endoluminal lesions; 0 of 3 mucosal lesions. They 
determine 100% sensitivity of the method for the 
diagnosis of obstructive lesions; 83% for endolu-
minal lesions; 0% for mucosal lesions and 82% for 
all other abnormalities. According to the authors, 
the specificity of VB is 100%. The authors con-
clude that VB is a promising non-invasive modality 
for the identification of bronchial obstruction and 
endoluminal lesions, as well as for the evaluation 
of the tracheobronchial tree outside the stenoses. 
Through VB, the authors find seven obstructive 
lesions not visualized through FB. The reasons for 
this, according to the authors, are the limitation 
of the size of the bronchoscope (5 patients) and 
the location of the lesions outside the stenoses (2 
patients). They point out that VB does not allow 
the detection of thin mucosal lesions and therefore, 
in their view, this modality may not be suitable for 
identifying premalignant lesions in the airways. 
The authors indicate that VB is a necessary method 
as a source of additional information that may 
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be useful in the management of malignant lung 
tumours. Unverdi et al. (10) compare MDCT VB 
and FB when evaluating tracheobronchial lesions. 
Forty-four patients are studied. They view FB as 
the “gold” standard for evaluating the results. They 
find 92% sensitivity; 73% specificity, 84% preci-
sion of the VB method, etc. Malignant infiltration 
and extraluminal compression are not visualized 
by VB (1, 11). VB delineates the tracheobronchial 
anatomy beyond high-grade stenoses but does not 
visualize mucosal lesions (1, 12).

With VB, the degree of stenosis and its length can 
be established, a lack of infiltration of the wall by 
the formation can be proved, as well as the absence 
of enlarged lymph nodes. VB allows making an 
evaluation of the carina. VB of the CT examination 
did not detect infiltrations and abnormalities of 
the wall as fistulous passages, and no evidence of 
tracheal and bronchial ruptures from the described 
neoplastic process.
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