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ABSTRACT

Introduction: Electronic bronchoscopy is inva-
sive and may cause pain. This study aimed to
explore the clinical value of virtual broncho-
scopic navigation (VBN) in the diagnosis of
benign central airway stenosis (CAS) secondary
to tracheobronchial tuberculosis (TBT).
Methods: Sixty-eight patients with benign CAS
caused by TBT were recruited between July 2015
and December 2017. The location, length and
diameter of stenoses were independently deter-
mined by VBN and electronic bronchoscopy
(EOB), and the sensitivity and specificity of VBN
in identifying stenosis were assessed with EOB
as the gold standard.
Results: In 68 patients with TBT, the overall
coincidence between EOB and VBN in the

identification of stenosis was 100%. A total of
188 sites were selected from the central airway,
and the stenosis was graded into 0%, B 25%,
26–50%, 51–75%, 76–90% and[90%. The
sensitivity of VBN in determining the degree of
stenosis was 98.45%, 100.00%, 100.00%,
100.00%, 84.62% and 0.00%, respectively; the
specificity was 91.53%, 96.07%, 97.09%,
97.08%, 97.14% and 97.30%, respectively; the
accuracy rate was 96.28%, 96.28%, 97.34%,
97.34%, 96.28% and 95.7%, respectively. The
length of airway stenosis on EOB was divided
into\ 10 mm, 10–30 mm, 30–50 mm
and[ 50 mm. There was no significant differ-
ence in the length of airway stenosis between
VBN and EOB (t = 0.083, P = 0.936; t = 1.340,
P = 0.199; t = 1.297, P = 0.216; t = 2.186,
P = 0.081). In three patients who received stent
placement, VBN was able to accurately assess
the postoperative expansion.
Conclusion: VBN is helpful for the diagnosis of
TBT-induced CBS and may provide important
information on the location, length, diameter
and cross-sectional area of stenosis for further
EOB examination and interventional therapy.
VBN is recommended for patients with TBT and
those with contradictions to bronchoscopy, as
well as for regular follow-up of stable TBT,
because it reduces the incidence of injury,
avoids repeat operations and shortens treat-
ment time.
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Key Summary Points

VBN is helpful for the diagnosis of TBT
induced CBS.

VBN may provide important information
on the location, morphology, and extent
and degree of stenosis for further EOB
examination and interventional therapy.

VBN is recommended for patients with
TBT.

VBN is recommended for those with
contradictions to bronchoscopy and
regular follow-up of stable TBT.

INTRODUCTION

In China, the main cause of benign central air-
way stenosis (CAS) is tracheobronchial tuber-
culosis (TBT). It was reported that TBT accounts
for about 60% of benign airway stenosis of any
cause [1].

Electronic bronchoscopy (EOB) is an indis-
pensable approach to the diagnosis of TBT. The
routine bronchoscopy and treatment in TBT
patients may cause pain and cause patients
psychologic distress. Virtual bronchoscopic
navigation (VBN) is an emerging peripheral
guidance technique, which significantly
improves the operational efficiency of diagnos-
ing peripheral pulmonary nodules [2]. The
American College of Chest Physician (ACCP)
guideline recommends the use of endo-
bronchial ultrasonography with a guide sheath
(EBUS-GS) and VBN for the bronchoscopic
diagnosis of peripheral pulmonary lesions [3]. It
has been reported that VBN is as effective as
bronchoscopy in the assessment of tracheo-
bronchial stenosis and can obtain accurate
information about the stenosis [4–6].

This study aimed to apply DirectPath VBN to
reconstruct the three-dimensional bronchus in
TBT patients, and the clinical value of VBN in
the diagnosis of CAS secondary to TBT was
investigated by comparison with EOB.

METHODS

Subjects

Patients who were diagnosed with TBT and
treated in the Department of Tuberculosis,
Shanghai Pulmonary Hospital, were recruited
between July 2015 and December 2017. Sixty-
eight patients were finally included in this
study. There were 17 males and 51 females with
mean age of 34.19 ± 14.22 years (range 17–-
69 years) (Fig. 1). This study was approved by
the Ethics Committee of Shanghai Pulmonary
Hospital. The study was conducted according to
the Helsinki Declaration of 1964, as revised in
2013, concerning human and animal rights,
and Springer’s policy concerning informed
consent was followed.

The inclusion criteria were as follows: (1)
acid-fast staining after bronchoscopic brush
smears or sputum smears were positive and CAS
was confirmed on bronchoscopy; (2) patients
were aged 16–70 years; (3) the preoperative
coagulation detection and platelet counting
showed no bleeding tendency and coagulopa-
thy; (4) patients received chest CT at 1–10 days
before or after bronchoscopy; (5) the data on
follow-up bronchoscopy were complete.

Exclusion criteria were as follows: (1)
patients were pregnant or breast-feeding; (2)
patients had severe liver, kidney or heart disease
or other systemic diseases; (3) patients had
contradictions to bronchoscopy; (4) bron-
choscopy showed non-central airway stenosis.

Bronchoscopy

Routine blood tests, electrocardiography, arte-
rial blood gas analysis and detections of pro-
thrombin time and activated prothrombin time
were performed before surgery. Local anesthesia
was done by nebulization with 2% lidocaine.
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For patients who could not tolerate local anes-
thesia, general anesthesia was given with
propofol, followed by ventilator-assisted venti-
lation after tracheal intubation, and then
bronchoscopy was done. A BFIT260 or BFP260
flexural bronchoscope (outer diameter: 5.9 mm
and 4.0 mm, respectively; Olympus Corp.,
Japan) was used for examination.

VBN

All patients received chest thin-section CT
(Siemens; LightSpeed VCT64 slice spiral CT;
slice thickness: 1 mm). The Digital Imaging and
Communications in Medicine (DICOM) of CT
images was input into the navigation system
(DirectPath V1.0, Cybernet Systems; Olympus,
Japan), and then VB images of lung lesions were
generated. The starting and ending points were
set by the operator, and the best path to the
target lesion was determined with the software
(DirectPath V1.0, Cybernet Systems; Olympus,

Japan). This path was used to guide the bron-
choscope to the lesion. The location, length,
diameter and cross-sectional area of the stenosis
were determined during the examination.

Statistical Analysis

The EOB findings during hospitalization and
follow-up were carefully reviewed, and the
location, length and diameter of the stenosis
were recorded. On the basis of VBN images, the
location and length of the stenosis as well as the
distal bronchial lumen were assessed by two
experienced bronchoscopy operators and then
recorded. The findings obtained from two
examinations were compared, aiming to assess
the practicality of VBN.

Statistical analysis was performed with the
Statistical Package for the Social Sciences (SPSS
version 19.0, NY, USA). Qualitative data are
expressed as number or rate and compared with
chi-square test. Quantitative data are expressed

Fig. 1 Full screen on VBN; 4–6 levels of the bronchial
tree were displayed; the diameter and cross-sectional area
of target bronchia on the VBN and the corresponding

cross section, coronal section and sagittal section on the
chest CT were observable
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as mean ± standard deviation (SD) and were
compared with a t-test between two groups.
P\ 0.05 was considered statistically significant.

RESULTS

A total of 68 patients were recruited. In 20
patients, the bronchial diameter was\4 cm, the
bronchoscope could not pass through the
lesioned bronchia and thus information was
incomplete. Of these patients, 59 received ini-
tial treatment, and 9 underwent retreatment.
The mean course of disease was
2.95 ± 3.29 months. Acid-fast staining of the
sputum or bronchoscopic brush smears were
positive in 55 patients, and pathologic exami-
nation after bronchial biopsy on bronchoscopy
confirmed tuberculosis in 13 patients.

The findings from VBN and EOB were com-
pared, and results showed the overall coinci-
dence was 100% in identifying the location of
stenosis (Table 1).

Then, patients with CAS caused by TBT were
further studied. A total of 188 sites were selected
from the central airway, including the stenotic
airway and normal airway. On EOB, the stenosis
was graded as 0% (no stenosis), B 25%,
26–50%, 51–75%, 76–90% and[ 90% [7]. In
the VBN, the degree of bronchial stenosis was
calculated as the ratio of stenotic bronchial
cross-sectional area to normal bronchial cross-
sectional area and also graded as described

above. Data were compared between EOB and
VBN, and the sensitivity and specificity of VBN
in assessing the degree of bronchial stenosis
were determined (Table 2). The sensitivity of
VBN was 98.45%, 100.00%, 100.00%, 100.00%,
84.62% and 0.00%, respectively, and the speci-
ficity was 91.53%, 96.07%, 97.09%, 97.08%,
97.14% and 97.30%, respectively.

In addition, the length of bronchial stenosis
measured by the two techniques was also com-
parable (Table 3). Of note, the length of bron-
chial stenosis was not measured in 20 patients
because of severe stenosis.

In three patients with severe stenosis, stent
placement was done and thereafter EBV was
performed to assess the bronchial stenosis.
Results showed there were no marked differ-
ences in the location and length of stenosis
determined by VBN and EOB. VBN was better to
precisely determine the stenosis diameter
(Table 4).

DISCUSSION

China has a high prevalence of tuberculosis
with about 900,000 new cases of tuberculosis
every year; about 10–40% of active tuberculosis
patients have concomitant TBT [8], and about
23.3% of patients develop severe airway stenosis
[9]. Regular bronchoscopy is invasive and may
cause pain. EOB still has some operational risks,

Table 1 Location of the stenotic airway determined by two approaches

Stenotic airway EOB (n) VBN (n) Coincidence rate (%)

Left main bronchus 31 (45.6%) 31 (45.6%) 100

Right main bronchus 12 (17.7%) 12 (17.7%) 100

Trachea and left main bronchus 2 (2.9%) 2 (2.9%) 100

Trachea and right main bronchus 7 (10.3%) 7 (10.3%) 100

Trachea, right main bronchus and right middle bronchus 1 (1.5%) 1 (1.5%) 100

Right main bronchus and right middle bronchus 5 (7.3%) 5 (7.3%) 100

Right middle bronchus 10 (14.7%) 10 (14.7%) 100

Total 68 (100%) 68 (100%) 100
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and some patients are unsuitable for EOB
because of contradictions.

Virtual bronchoscopy is safe, non-invasive,
reproducible and acceptable for most patients.
Currently, VBN is mainly used in the diagnosis
of peripheral nodules\2 cm [10–13]. Regard-
ing CAS, VBN can be used to assess the degree of
stenosis and for the preoperative plan and

postoperative assessment, but data about the
clinical application of VBN are limited and out
of date.

As shown in Fig. 1, VBN can mimic the sit-
uation of the bronchoscope entering the lesion,
display the stenosis and measure the maximum
diameter, minimum diameter and cross-sec-
tional area. In addition, the length of stenosis

Table 2 Degree of airway stenosis determined by two approaches

Degree of stenosis (%) EOB (n) VBN

(n) Sensitivity (%) Specificity (%) Accuracy (%)

0 129 127 98.45 91.53 96.28

B 25 10 12 100.00 96.07 96.28

26–50 16 16 100.00 97.09 97.34

51–75 17 17 100.00 97.08 97.34

76–90 13 11 84.62 97.14 96.28

[ 90 3 0 0.00 97.30 95.75

EOB was used as the gold standard, sensitivity = true positive/(true positive ? false negative) 9 100%; specificity = true
negative/(true negative ? false positive) 9 100%

Table 3 Length of central airway stenosis

Length of stenosis (mm) EOB (n) Mean (mm) VBN (n) Mean (mm) T P

\ 10 11 7.7 ± 1.66 11 7.7 ± 1.69 0.083 0.936

10–30 17 20.1 ± 5.31 17 20.3 ± 5.48 1.340 0.199

30–50 15 38.5 ± 5.05 15 38.7 ± 4.90 1.297 0.216

[ 50 5 57.4 ± 4.16 5 58.1 ± 4.87 2.186 0.081

t-test

Table 4 Findings from EOB and VBN after stent placement

Location of stenosis Length of
stenosis (cm)

Diameter of the most evident
stenosis (mm)

EOB VBN EOB VBN EOB VBN

Case 1 Trachea, left main bronchus Trachea, left main bronchus 11.30 11.28 4.0 9 5.0 3.9 9 5.2

Case 2 Trachea Trachea 5.36 5.40 8.0 9 9.0 8.3 9 8.9

Case 3 Trachea, left main bronchus Trachea, left main bronchus 6.30 6.31 5.0 9 5.0 4.9 9 5.2

In case 1, VBN examination showed the lumen stenosis was significantly improved; VBN still noted evident stenosis in case
2 and case 3, and then bronchoscopic granulation debridement and balloon dilatation were performed repeatedly
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corresponding to the site on CT can also be
determined on VBN. Our results showed that
both VBN and EOB could locate the CAS accu-
rately, and their coincidence rate was 100%.
The length of CAS was divided into\ 10 mm,
10–30 mm, 30–50 mm and[50 mm and then
compared between VBN and EOB. Results
showed the length of CAS was comparably
determined by VBN and EOB. However, the
details obtained on VBN are not as clear as those
on EOB, especially the mucosal changes, and
VBN cannot differentiate the granulation tis-
sues from caseous necrotic tissues and caulking
sputum.

Tracheal stenosis is uneven and irregular.
Some investigators have investigated measure-
ment of the bronchial diameter with different
methods [14–16], and evidence shows that
determining the stenotic diameter based on
three-dimensional images is feasible [17]. The
DirectPath VBN can automatically measure the
maximum and minimum diameters as well as
the cross-sectional area of the stenosis, can
determine the degree and grade of stenosis and
may more accurately and precisely display the
stenosis, which are helpful for the following
treatments. At present, the degree of benign
CAS is divided into six grades in China. This
classification is mainly determined by the
operator, and there is no standard. Begnaud
et al. found that there was considerable varia-
tion in the visual assessment of central airway
obstruction on bronchoscopy [18]. It has been
reported that the degree of bronchial stenosis
on VBN is closely related to that determined by
bronchoscopy [19, 20]. Multidetector CT virtual
bronchoscopy is a reliable noninvasive method
that allows accurate grading of tracheo-
bronchial stenosis [21]. Amorico et al. [22]
evaluated 25 patients with suspected obstruc-
tive tracheobronchial stenosis. They found that
VBN was as useful as bronchoscopy in evaluat-
ing response to treatment in patients with
cancer or severe stenotic lesions. Akhlaghpoor
et al. [23] investigated tracheal stenosis sec-
ondary to sulfur mustard inhalation and found
that the overall sensitivity, specificity and
accuracy of VBN in detection of bronchial
stenosis were 62.5%, 97.8% and 92.6%, respec-
tively. In the present study, the degree of

bronchial stenosis was divided into 0, B 25%,
26–50%, 51–75%, 76–90% and[ 90%, and the
degree of bronchial stenosis determined by EOB
served as a gold standard. The sensitivity of VBN
was 98.45%, 100.00%, 100.00%, 100.00%,
84.62% and 0.00%, respectively, and the speci-
ficity was 91.53%, 96.07%, 97.09%, 97.08%,
97.14% and 97.30%, respectively, in the deter-
mination of the degree of bronchial stenosis.
This suggests that the sensitivity of VBN in
determining the degree of bronchial stenosis
decreases when the CAS is[ 75%. In addition,
in images the stenotic airway may be different
from the true stenotic airway; images from
routine chest CT are captured on inspiration,
and the dynamic images are neglected. This
may be more evident in the VBN of patients
with the wall-thickening type bronchial
tuberculosis.

In our study, EOB showed the stenosis
diameter was\4 mm in 20 patients, and thus
the bronchoscope could not pass through the
stenotic airway (Fig. 2). In 13 patients, the ste-
notic airway was displayed as a dead end on
DirectPath VBN. Eberhardt et al. [24] found that
when the diameter of the stenotic airway
was\ 3 mm because of inflammation and
clogging, the extraction of materials from the
bronchial tree with stenosis or blockage failed.
This may be the main reason for the reduced
sensitivity in the determination of severe CAS
on VBN. The additional manual extraction
mode of DirectPath VBN can be employed for
the extraction of materials from the bronchial
tree. If the materials from the bronchial tree are
not extracted, the ROI mode of DirectPath VBN
may be used to semi-automatically or manually
extract the materials from the bronchial tree,
and the path can be automatically established.
Moreover, the length of stenosis can also be
determined, and the airway distal to the steno-
tic site may be observed (Fig. 3a, b). In clinical
practice, this manipulation of the VBN can
further guide the subsequent interventional
therapy. In the present study, complete occlu-
sion of the left main bronchus was found in one
patient; the manual extraction was performed
on VBN to determine the length of stenosis and
observe the airway distal to the stenotic site;
then, the stenotic airway was managed with an
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argon knife followed by balloon dilatation,
achieving a satisfactory outcome.

The preoperative VBN examination can help
understand the disease condition as soon as
possible and plan appropriate treatments for
EOB, reducing operating time. Asano et al. [25]
found preoperative VBN examination could
shorten the time required for subsequent
endoscopic surgery, and thus they

recommended using VBN for the treatment
planning and postoperative evaluation of ther-
apeutic responses in patients with cancer or
severe stenosis. In the present study, three
patients underwent tracheal stent placement
because of severe tracheal stenosis (the film-
covered stent was 6 cm long in two patients,
and the nude stent was 5 cm in one patient).
Results showed the lumen with stent placement

Fig. 2 a Left main bronchus on EOB. The bronchoscope could not pass through the airway because of severe stenosis; b left
main bronchus on VBN. The bronchoscope could pass through the airway

Fig. 3 a Left main bronchial stenosis on VBN and failure to extract materials from the main bronchus. b The airway distal
to the stenotic site displayed using the manual extraction mode of VBN
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was still stenotic in two patients; the stenosis
was significantly relieved in one patient. Then,
these patients received VBN after postoperative
chest CT, and the results were compared
between VBN and EOB (Table 4). There were no
significant differences in the location and
length of stenosis between VBN and EOB, but
VBN was better for precisely determining the
stenosis diameter. Studies have confirmed that
VBN can help understand the airway stenosis
and location of stents in patients receiving
bronchial stent placement, which reduces
unnecessary bronchoscopic manipulations.

Our study shows VBN has clinical value in
the diagnosis of CAS secondary to TBT. This
technique can be used in patients with con-
traindications to bronchoscopy to assess the
airway stenosis and the airway distal to the
stenotic site before surgery, aid the treatment
planning and shorten the manipulation. The
use of this technique for routine follow-up in
patients with stable TBT may reduce suffering
and avoid repeat bronchoscopy.

There are limitations of the present study.
This was a single-center study, and the sample
size was small. VBN’s ability to extract materials
from the bronchial tree should be further
improved in patients with severe CAS, and the
airway images obtained may be different from
the true situation. Thus, more clinical studies
with large sample sizes are needed to confirm
the role of VBN in the diagnosis of CAS sec-
ondary to TBT. The development of virtual
navigation technology will broaden the appli-
cation of VBN in benign airway stenosis.

CONCLUSION

VBN is helpful for the diagnosis of TBT-induced
CBS and may provide important information on
the location, length, diameter and cross sec-
tion of the stenosis for further EOB examination
and interventional therapy. VBN is recom-
mended for patients with TBT and those with
contradictions to bronchoscopy as well as for
the routine follow-up of stable TBT, which may
reduce the patients’ suffering, avoid repeat
examinations and shorten the time of the
manipulation.
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