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ABSTRACT

Background: The invasive bronchoscopy (IB) is still the standard goal in the diagnosis and management of 
tracheal and bronchial lesions in Saudi Arabia. The present study aimed at assessment of the accuracy of  
non-invasive 3D computed tomography (CT) virtual bronchoscopy technique (NICTVB) based on multi-detector 
CT (MDCT) data in comparison with IB.

Methodology: A retrospective study including 28 patients who had MDCT of the chest between April 2006 
and December 2014 was carried out after evaluation of tracheal or bronchial abnormalities. The age ranged 
between 0 and 14 years with a mean of 5 years. Multi-planar reformatting, volume rendering technique, and 
virtual bronchoscopy (VB) of the tracheal evaluation were applied and findings were compared to axial CT, IB, 
and surgical results.

Results: Congenital tracheal stenosis was seen in 13 (46%) patients, endoluminal or extra-luminal neoplasms 
were detected in 5 (18%) patients, post-intubation tracheal stricture in 5 (18%) patients, and post-road traffic 
accident stenosis in 3 (11%) patients. The pathology and its location detected on the NICTVB correlated well 
with Axial CT, IB, or with the surgical findings.

Conclusion: NICTVB has the advantage of being a non-invasive procedure, and it can visualize areas inacces-
sible even for the IB. Preliminary evaluation indicates that VB may be a promising non-invasive modality for 
the screening of bronchial obstruction and endoluminal lesion as well as for assessing the tracheobronchial 
tree beyond stenosis and the adjacent structures which can guide the clinician for the next step in patient  
management. We suggest that NICTVB could be used as well for the diagnosis and plan of management of res-
piratory foreign body in Saudi Arabia, where its diagnosis and management are limited to IB.
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Introduction

The invasive bronchoscopy (IB) is still the standard 

goal in the diagnosis and management of tracheal and 

bronchial lesions in Saudi Arabia. The introduction of a 

foreign body in the respiratory tract is a serious global 

problem requiring urgent medical assistance [1,2]. 

Foreign bodies are common findings, especially under the 

age of 3 years, but the incidence increases with age due 

to sickness or deterioration of the swallowing reflex [3]. 

Virtual bronchoscopy (VB) is a novel CT-based imaging 

technique that allows a three-dimensional (3D) evaluation 

of the airways down to the sixth- to seventh-order 

subdivisions [4]. Low-dose multi-detector computed 

tomography (MDCT) and VB is non-invasive methods, 

which undoubtedly can be used to study suspected 

bronchial lesion. Because of the fact that the multi-planar 

reconstructions enable accurate determination distal to 

the obstruction, as well as of the changes in surrounding 

structures, MDCT and VB have priority over the IB 

[5]. The image quality of virtual endoscopy has much 

improved the fact that all the diagnostic information is 
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contained in the original cross-sectional images has 

justified 3D imaging and virtual endoscopy function 

as a data compressor allowing the reader to focus on 

specific organ and findings free from the mental task for 

reconstruction 2D into 3D images [6]. The multi-planar 

2- and 3-dimensional techniques to restore the volume, 

including external representation and VB complement the 

conventional axial CT images to display changes in the 

respiratory tract in case of the bronchial lesion [7].

Subjects and Methods

A retrospective study was conducted between April 2006 

and December 2014. The study included 28 patients 

who visited King Fahad Medical City and had MDCT 

of the chest, for the evaluation of tracheal or bronchial 

abnormalities. The age ranged 0–14 years with a mean 

of 5 years multi-planar reformatting (MPR), volume 

rendering technique and VB of the tracheal evaluation 

were applied and findings were compared to axial CT, 

IB, or surgical results. 1) CT technique: 120 kV, 150–

200 mA; 30–40 seconds volume acquisition; 1 cycle/

second tube rotation; 10 mm slice thickness. Typical 

clinical review of images by radiologists entails 

reconstruction of the data into 5- to 7-mm sections using a  

512 × 512 matrix. Reconstructions for evaluating the 

lung parenchyma were performed using a high-frequency 

algorithm, which enhances the interfaces of structures of 

differing attenuation but increases image noise. A low-

frequency algorithm was used to minimize image noise 

and heterogeneity when evaluating mass density. Images 

were viewed at a window width of 300, window level 30 

for the mediastinum, and at a window width of 1,500 and 

window level of 500 HU (Hounsfield unit) for the lungs. 

A second dedicated thin slice spiral study that covered 

the region to be virtually examined was performed with 

a 1.25 mm slice thickness since the adequate detailed 

resolution was not present in the common use 10 mm 

slice thickness and mA sitting on 300 in the virtual study. 

2) MDCT technique: All MDCT scans were performed 

using 64-MDCT scanners Definition AS or Somatom 

Sensation, both Siemens Healthcare. Per our institutional 

chest CT protocol, all the patients received IV contrast 

material unless there was a contraindication to IV contrast 

material. A single enhanced phase image was obtained 

at 60 seconds after the start of IV administration of 125 

ml of a 350 mg/ml solution of iohexol (Omnipaque 350, 

GE Healthcare; total dose of iodine, 43.75 g) at the rate 

of 3 ml/s. IV contrast material was administered using 

a mechanical power injector (Stellant, Medrad) via an 

antecubital vein through an 18- or 20-gauge IV catheter. 

In this study, all the patients received IV contrast material 

in both scans. 3) CT Virtual bronchoscopy studies: The 

volumetric data from the spiral scan (of the second study) 

were sent via local area network to Phillips Medical 

System, on which 2D and 3D images of the airway were 

subsequently reconstructed using specific computer 

software. The objective was to generate images of the 

inner wall of the bronchi, similar to those visualized using 

a conventional bronchoscope. The software is divided 

into two groups of function, the segmentation function 

and the fly through function. 4) Image interpretation 

and data recording: Axial CT images are still the most 

reliable technique of all post processing CT techniques. 

The axial CT cuts were examined for the presence of a 

lesion. The lesion then analyzed according to the size and 

the location and then for the plan of biopsy if needed. 

Foreign body, associated segmental or lobar collapse, 

mediastinal invasion, hilar or mediastinal lymph nodes 

enlargement, pleural effusion, pulmonary nodules, rib 

destruction, or other osseous involvement of the thoracic 

cage, e.g., vertebral or sternal have been reported. The 

upper abdominal cuts examined for distant metastasis 

(liver and spleen,). Virtual bronchoscopy examination 

was interpreted in a combination of axial CT cuts, thus 

all the information surrounding the tracheobronchial 

tree was available. Then findings of axial CT and 

Virtual bronchoscopy were compared for the presence 

of intraluminal masses, extraluminal masses, bronchial 

stenosis, compression, and bronchial obstruction as 

well as the status of the tracheobronchial tree distal to 

the obstruction. 5) Transbronchial biopsy: All biopsies 

were performed while the patients were under local 

anesthesia and sedation. The ultrathin bronchoscope 

was mainly used for visualization past the fifth-order 

bronchi. Pulmonologist with experience in bronchoscopy 

inserted the bronchoscope into the target bronchus under 

direct vision following the VB image. The position of a 

forceps inserted through the bronchoscope was adjusted 

using radiographic fluoroscopy. During the procedure, 

pulmonologists were able to refer to three displays 

showing the actual bronchoscopic image, VB image, and 

fluoroscopic image at the same time on demand. Biopsies 

were sent for histopathological examination. 

Results

Anatomic computer simulation of the bronchial tree 

was successfully created in all the patients. Among the 

28 patients, 13 had congenital tracheal stenosis, 5 had 

endo or extraluminal neoplasm, 5 had a post-intubation 

tracheal stricture and had three post-road traffic accident 

(RTA) stenosis (Table 1).

Figures 1 and 2 show 9-months old presented with an upper 

neck mass, coronal, sagittal, and axial CT scan of neck 

and chest confirming the presence of the mass diagnosed 

as lymphangioma, which is narrowing and indenting 

the left lateral tracheal wall (Figure 1). The VB shows 

the same finding and could pass along this narrowing 

Table 1. The pathology and its location detected on the MDCT 
correlated well with the finding of the IB or surgery.

Variables Statistics
Congenital tracheal stenosis 46%

Endo or extra luminal neoplasm 18%

Post intubation tracheal stricture 18%

post RTA stenosis 11%
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process. The study team measured the narrowed part of 

the trachea and noticed the mass effect and compared 

the findings with the invasive bronchoscopy (Figure 2). 

Fibreoptic bronchoscopy shows the same narrowing but 

couldn't pass distally to it.

Discussion

CT and virtual CT-bronchoscopy primarily facilitate 

the detection of anatomical structural changes due 

to disease, and the assessment of the morphological 

appearance of the intraluminal surface of the airways of 

the tracheobronchial system, airway lesions, bronchial 

irregularities, or discrete intraluminal filling defects 

[8]. MDCT has been a revolution in the CT technology, 

with its inherent speed and ability to acquire thinner 

sections volumetrically. Modern MDCT scanners (16 

slices) enable post-processing MPR in orthogonal 

and non-orthogonal planes, including curved planes, 

with near isotropic resolution. Improved software and 

advanced workstations enable radiologists to post-

process data sets in 3D/volume rendered mode which 

supplements information available on the axial and MPR 

images, increasing the diagnostic accuracy manifolds. 

VB essentially is such a post-processing technique 

Figure 1. (A) Coronal, axial and sagittal CT scan of the neck, (B) chest showing the anterior 
mediastinal lesion (lymphangioma), and (C) mass effect on the left tracheal wall.
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which creates a 3D rendition of the inner surface of the 

tracheobronchial tree simulating endoluminal view as 

would be visible on actual bronchoscopy. The full potential 

of this simple yet important add-on technique is being 

increasingly recognized [9–11]. The current study was 

designed to evaluate the role of the non-invasive virtual 

bronchoscopy based on MDCT data in the assessment 

of bronchial masses in comparison with axial, sagittal 

CT, and invasive techniques. It was conducted on 28 

patients, selected from King Fahad Medical City, during 

the period from April 2006 and December 2014.  They 

were subjected to full history taking, clinical examination, 

laboratory investigations, Chest X-ray and Multislice CT 

scan followed by the elaboration of virtual bronchoscopy 

and fiberoptic bronchoscopy. Our results reported that, Of 

the 28 patients, 46% of the patient who had CT chest with 

bronchial abnormalities had congenital tracheal stenosis, 

while other causes were endo or extraluminal neoplasm, 

iatrogenic tracheal stricture or post RTA stenosis. 3D-CT 

is non-invasive and accurate; it's also more information 

regarding the wall thickness, the extraluminal extent 

of the disease, distal evaluation of the stenotic area 

and associated lesions even VB is limited in obtaining 

a biopsy and studying the mucosal surface. A similar 

study conducted by Sodhi et al., [12] reported that of 43 

children evaluated the potential use of MDCT and VB in 

the evaluation of tracheobronchial patency in children 

with suspected bronchial obstruction and compared its 

findings with fibreoptic / rigid bronchoscopy or surgery. 

They found obstructive pathology in 26 children, which 

included endoluminal foreign body, mucus plugs in 13 

children, endobronchial tumor in three children and 

extrinsic compression (lymph node, aberrant vessels, and 

mediastinal cysts/tumors) of the tracheobronchial tree 

in 10 children. In 17 children, no obstructive lesion was 

identified. An excellent positive correlation was obtained, 

between MDCT-VB and bronchoscopy/surgery. They 

concluded that MDCT-VB is useful in evaluating bronchial 

stenosis and obstruction caused by both endoluminal 

pathology and extrinsic causes. Our study did not show 

any VB done for foreign body, which may be related to 

the fact that the clinician uses the invasive bronchoscopy 

instead of VB even in case of suspicion of a foreign body. 

The authors think VB can be used as screening for the 

foreign body to limit the invasive technique use and to 

guide the IB if needed to the lesion by shortens the time of 

localization. In short, VB, when used in conjunction with 

axial CT images, can enhance the diagnostic accuracy 

of bronchial pathologies within a reasonable time frame 

and without any additional radiation burden to the 

patient. VB cannot replace conventional bronchoscopy 

for therapeutic/biopsy purposes, but it can certainly 

be an effective screening technique to identify those 

patients who would actually benefit from conventional 

bronchoscopy. VB can thus limit the number of patients 

who need to undergo conventional bronchoscopy which 

is an invasive procedure with its associated potential 

complications [13].

Conclusion

NICTVB has the advantage of being a non-invasive 

procedure, and it can visualize the areas inaccessible even 

for the IB. Preliminary evaluation indicates that VB may 

be a promising non-invasive modality for the screening 

of bronchial obstruction and endoluminal lesion as 

well as for assessing the tracheobronchial tree beyond 

stenosis and the adjacent structures which can guide the 

clinician for the next step in patient management. The 

authors suggest that NICTVB could be used as well for 

the diagnosis and plan of management of respiratory 

foreign body in Saudi Arabia, where its diagnosis and 

management are limited to IB.

List of Abbreviations
IB Invasive bronchoscopy
CT Computed tomography
MDCT Multidetector CT
MPR Multi-planar reconstructions
NICTVB  Non-invasive 3D- computed tomography virtual 

bronchoscopy technique

Figure 2. (A) Coronal and axial virtual bronchoscopy showing the mass effect on the trachea, (B) measuring the narrowed part, and 
(C) showing the areas proximal and distal to concerned part.
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RTA Road traffic accident
VB Virtual bronchoscopy
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