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Abstract  

Background: Recent clinical trials demonstrated the benefits of several guided-bronchoscopy 

technologies for the diagnosis of peripheral pulmonary lesion (PPL). However, introduction of 

these technologies is expensive. Therefore, in clinical practice, these are unavailable in many 

hospitals. In contrast, virtual bronchoscopy (VB) using the computed tomography (CT) 

workstation can be made available immediately without additional cost as many hospitals 

already have the CT scan facility. However, the effectiveness of VB alone remains to be shown.  

Objectives: The aim of this study was to investigate the effect of VB using CT workstation in 

hospitals performing conventional bronchoscopy.  

Methods: Results from consecutive patients who underwent bronchoscopy for small PPLs 

(major diameter ≦30 mm) were retrospectively reviewed. Sixty-nine patients who underwent 

bronchoscopy without VB from April 2014 to March 2015 and 56 patients who underwent 

bronchoscopy with VB from April 2015 to December 2015 were assigned to non-VB and VB 

group, respectively. We compared the two groups and analyzed the factors affecting the 

diagnostic yield.  

Results: The VB group had significantly higher diagnostic yield than the non-VB group (57.1% 

vs. 33.3%; P = 0.008). In the multivariate analysis, VB was identified as a significant factor 

affecting the diagnostic yield (odds ratio: 3.30, P = 0.011). 

Conclusions: In the conventional bronchoscopy settings, VB using the CT workstation is 

efficient for the diagnosis of PPLs when other guided-bronchoscopy techniques are unavailable. 
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Introduction 

The low-dose computed tomography (CT) screening technique has increased the detection 

rate of peripheral pulmonary lesions (PPLs) [1]. A recent guideline suggested CT surveillance, 

non-surgical biopsy or surgical resection for diagnosing PPLs on the basis of the patient’s 

surgical risk and clinical probability of cancer [2]. In patients with an indeterminate or high risk 

of cancer, surgical resection was often recommended, but unnecessary surgery should be avoided 

for benign cases. In such cases, non-surgical biopsy is often used to investigate the malignancy 

using CT scan-guided transthoracic needle aspiration (TTNA) or bronchoscopy. TTNA has a 

high diagnostic yield of 90%, but it also resulted in a high rate of pneumothorax at 12%–45%, 

with a 2%–15% probability of requiring chest tube drainage [2, 3]. Furthermore, an earlier study 

reported that pleural dissemination rate might be more frequent in TTNA than in bronchoscopy 

or surgery [4]. On the other hand, flexible bronchoscopy was considered a relatively safe 

procedure compared with TTNA although it has a low diagnostic yield ranging from 15% to 63% 

in conventional settings [5]. Until recently, bronchoscopy has played a limited role in PPL 

management. 

Presently, several guided-bronchoscopy procedures, such as radial endobronchial 

ultrasound (EBUS) [6, 7], ultrathin bronchoscope (UB) [8, 9], electromagnetic navigation 

(EMN) [10, 11], and virtual bronchoscopy (VB) using equipment specifically designed for 

bronchoscopy [12-14] have been developed to improve the diagnostic yield for pulmonary 

nodules. These guided-bronchoscopy techniques have been able to contribute to obtaining a 

higher diagnostic yield than those of traditional bronchoscopy techniques [15]. It was likely that 

the combination of more than one of these modalities had a better diagnostic yield, compared 

with the employment of a single method [11, 15]. The diagnostic yield of the combined 

procedure (88%) was greater than those of EBUS (69%) or EMN alone (59%; p = 0.02) [11]. 

According to previous studies, these guided-bronchoscopy techniques are certainly 

considered to be useful. However, in clinical practice, these techniques cannot be made available 

in many hospitals because the advanced equipments, such as EBUS, UB, EMN, and VB 



e 4 

specifically designed for bronchoscopy extremely expensive. Bronchoscopy in clinical practice 

is not well represented by related clinical studies. Thus, we pay particular attention to the CT 

workstation, which can be made immediately available as many hospitals already have the CT 

scan equipment and can create VB without incurring additional expenses. To the best of our 

knowledge, the utility of VB was often reported for its use in combination with other 

guided-bronchoscopy techniques [13, 14, 16]. There have been no studies that investigated the 

utility of VB alone. Therefore, whether VB by itself is an effective diagnostic method remains to 

be ascertained. It is important to demonstrate the utility of VB alone using CT workstation 

because this technique can be performed in many hospitals which have CT scan equipment, 

regardless of the availability of other guided-bronchoscopy equipments. The aim of this study 

was to investigate the effectiveness of VB using CT workstation in hospitals conducting 

conventional bronchoscopy for the diagnosis of PPLs. 

 

Materials and Methods 

Patients 

This was a single-center retrospective study conducted to evaluate the diagnostic utility 

and impact of employing VB using the CT workstation in the conventional bronchoscopic 

procedure. Prior approval was obtained from the Institutional Review Board of Toho University 

Omori Medical Center for conducting this study (No. M16182). Written informed consent was 

obtained from all patients involved before conducting the study. Consecutive patients who 

underwent bronchoscopy for small PPLs (major diameter ≦30 mm on axial CT images) at the 

Toho University Omori Medical Center, Japan between April 2014 and December 2015 were 

enrolled in this study. Peripheral lesions were identified on the basis of the study by Baaklini et 

al.[17]. Sixty-nine patients who underwent bronchoscopy without VB from April 2014 to March 

2015 and 56 patients who underwent bronchoscopy with VB from April 2015 to December 2015 

were assigned to non-VB group and VB group, respectively (Figure 1).  

In the present study, “achievement of biopsy” was defined as successful tissue sampling 
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by forceps at least one time. Malignant lesions were diagnosed on the basis of histological 

findings or class IV/V cytological findings with Papanicolaou stain. Benign lesions were 

diagnosed on the basis of histological findings or the presence of bacteria by culture, in addition 

to the clinical course compatible with the benign disease, which shows a reduction or stability in 

the lesion size during the follow-up period for at least 12 months. In patients with malignant 

lesions that were failed to be detected by bronchoscopy, further intervention by TTNA or surgery 

confirmed the diagnosis of the malignancy. Patients who could not obtain a definitive diagnosis 

of having benign or malignant lesions despite the above mentioned interventions or follow-up 

were recorded as indeterminant and diagnosis by bronchoscopy was considered to have failed.  

 

Virtual bronchoscopy 

VB was created by 1 pulmonologist (S.M., H.S., or A.S.). All the patients underwent 

multi-detector CT scanning of the chest before VB and thin-section CT slices (slice width, 0.5–2 

mm) were reconstructed. VB was performed using a 3D image analysis system, SYNAPSE 

VINCENT® (Fujifilm Medical Co., Tokyo, Japan), already available in our hospital. We used 

“3D viewer” application, which is one of the generic applications on SYNAPSE VINCENT®. 

VB was created by 1 pulmonologist (S.M., H.S., or A.S.). 

The method of constructing VB with CT workstation was as follows (Figure 2). First, 

we identified the most suitable bronchus for reaching the target PPL by bronchoscopy. Second, 

we made a pathway to the target PPL by drawing a linear trajectory connecting the dots plotted 

from the peripheral bronchus to the trachea on the thin-section multiplanar CT images. Third, the 

CT images were converted to VB images on the above-made pathway and their orientation was 

adjusted on the basis of the actual bronchoscopy. Finally, a 3D video of the VB images was 

created automatically, and the construction of VB was completed by transferring the 3D-movie 

to the server connected to a computerized medical records system. Thus, the completed VB 

could be viewed anywhere through the computerized medical records system. The 

bronchoscopist was able to check VB before and during the bronchoscopic procedure. 
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Bronchoscopic procedure 

All the patients were given a premedication of 2% lidocaine gargling, followed by an 

intravenous sedation with 35 mg of pethidine. Topical anesthesia was administrated by 

trans-tracheal spray and splashing of 2% lidocaine. Arterial oxygen saturation and heart rate were 

monitored during the examination.  

We used a standard flexible fiber-optic bronchoscope (BF-1T260; outer diameter, 5.9 

mm; Olympus, Tokyo, Japan) in all the patients. There was a VB, actual bronchoscopy and X-ray 

fluoroscopic monitor across from the bronchoscopist. An assistant controlled the VB according 

to actual bronchoscopic images and navigated bronchoscopist by showing correct direction in 

real time (Figure 3a). A guide sheath (GS) (K-203; Olympus, Tokyo, Japan) was combined as per 

the operators’ decision. In cases without a GS, after airway examination with the fiber-optic 

bronchoscope, brush or forceps was introduced to target PPL under fluoroscopic guidance with 

or without VB. After reaching the target PPL, brushing and biopsies were performed through the 

working channel of the bronchoscope (Figure 3b). In cases with a GS, after the airway 

examination, a curette (CC-6DR-1; Olympus, Tokyo, Japan) with a GS was introduced through 

the working channel to target PPL under fluoroscopic guidance with or without VB. After 

reaching the target PPL, the curette was withdrawn leaving the GS in place. Brushing and 

biopsies were then performed through the GS. We tried to obtain at least 3 adequate biopsy 

specimens whenever possible. Brushes were washed in a test tube containing saline for 

cytological examination, and the biopsy specimens were immediately fixed in formalin for 

histological examination. The cytology and pathology results were reported by 2 pathologists, 

independently. 

 

Analysis 

Data were presented as median (range), frequencies, and percentages. The Pearson 

chi-square test or the Fisher Exact Test was used to compare categorical variables. Continuous 
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variables were compared using the Mann–Whitney U test. All P values were two-sided. A P 

value < 0.05 was considered statistically significant. Logistic regression models were constructed 

to estimate the factors related to diagnostic yield. The inclusion of variables in the models was on 

the basis of P values (<0.05) in the univariate analysis. Statistical analyses were performed using 

IBM SPSS Statistics (version 22, IBM SPSS Inc., Chicago, IL).  

 

Results 

The demographics of the study population are shown in Table 1. There were no 

significant differences between the two groups in terms of age, sex, lesion size, lesion location, 

tumor feature, X-ray fluoroscopic findings or proportion of diagnosis. The rate of positive 

bronchus sign was significantly lower in the VB group than in the non-VB group [71.4% (40/56) 

vs. 89.9% (62/69); P = 0.008]. Conversely, the use of GS was significantly more frequent in the 

VB group than in the non-VB group [76.8% (43/56) vs. 36.2% (25/69); P < 0.001].  

Bronchoscopic examination results are shown in Table 2. The diagnostic yield was 

significantly higher in the VB group than in the non-VB group [57.1% (32/56) vs. 33.3% 

(23/69); P = 0.008]. And the achievement rate of biopsy was also significantly higher in the VB 

group than in the non-VB group [75.0% (42/56) vs. 52.2% (36/69); P = 0.009]. There were no 

differences between the two groups in terms of the procedure time [median (range): 27 (11–60) 

vs 25 (7–69) min; P = 0.707]. 

We further investigated the diagnostic yields according to each parameter (Table 3). Thus, 

the VB group exhibited significantly high diagnostic yields within the subgroups of lesion of size 

< 20 mm [54.5% (18/31) vs. 17.1% (6/33); P = 0.001], lesions located in the right upper lobe or 

left upper segment [61.1% (22/36) vs. 33.3% (14/42); P = 0.014], bronchus sign positive [67.5% 

(27/40) vs. 37.1% (23/62); P = 0.003], patients using GS [67.4% (29/43) vs. 40.0% (10/25); P = 

0.027], and patients with malignant disease [64.1% (25/39) vs. 36.8% (21/57); P = 0.009].  

We compared the diagnostic group and non-diagnostic group to evaluate factors affecting 

diagnostic yields (Table 4). In the univariate analysis, the diagnostic yield was significant higher 



e 8 

in lesion of size ≥ 20 mm than those <20 mm in size [54.4% (31/57) vs. 35.3% (24/68); P = 

0.032], visible lesion by X-ray fluoroscopy than invisible lesions [46.9% (53/113) vs. 16.7% 

(2/10); P = 0.045], bronchus sign positive patients than negative patients [49.0% (50/102) vs. 

21.7% (5/18); P = 0.017], combination with GS than without GS [57.4% (39/68) vs. 28.1% 

(16/41); P = 0.001] and combination with VB than without VB [57.1% (32/56) vs. 33.3% 

(23/69); P = 0.008]. In the multivariate analysis using logistic regression model, VB was 

identified as a significant factor affecting the diagnostic yield (odds ratio: 3.30, P = 0.011) in 

addition to bronchus sign (odds ratio: 5.00, P = 0.011) and the use of GS (odds ratio: 2.90, P = 

0.016). 

 

Discussion 

The purpose of the present study was to investigate the diagnostic effectiveness of VB 

using CT workstation in hospital conducting conventional bronchoscopy. We demonstrated that 

the diagnostic yield was significantly higher in the VB group than in the non-VB group, and 

furthermore, in multivariate analysis, VB was identified as a significant factor affecting the 

diagnostic yield. This suggested two important clinical issues. First, VB alone would be useful 

for the diagnosis of PPLs even if other guided-bronchoscopy techniques are unavailable. Second, 

the utility of VB using CT workstation is considered to be independent of the type of CT 

workstation, which suggests that several hospitals with an existing CT scan facility can improve 

the diagnostic yield using VB. 

First, VB would be useful for the diagnosis of PPLs if other guided-bronchoscopy 

techniques are unavailable. Some randomized trials indicated that EMN or VB using equipment 

specifically designed for bronchoscopy was valuable for diagnosing PPLs in combination with 

EBUS [11, 12, 14] or UB [13]. However, to the best of our knowledge, there have been no 

studies that compared the diagnostic utility between conventional bronchoscopy with and 

without VB, and therefore the utility of VB alone remained unclear. In the present study, we 

investigated the utility of VB alone in conventional bronchoscopy setting. We found that the VB 
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group had a significantly higher diagnostic yield than the non-VB group. Conventional 

bronchoscopic situation similar to that in our hospital, will likely be applied in many other 

hospitals, and therefore bronchoscopic settings in general clinical practice are represented in the 

present study.  

Success or failure of obtaining biopsy specimens is an important determining factor for 

the diagnosis of lung cancer [18]. The achievement rate of biopsy was significantly higher in the 

VB group than in the non-VB group in the present study. Because operator generally avoided 

forceps biopsy if the forceps was outside the target lesion, as confirmed by fluoroscopy, correct 

guidance to the target lesion was needed to yield forceps biopsies. It was thought that accurate 

selection of bronchus to target lesions identified by VB contributed to the achievement of 

biopsies. Moreover, obtaining biopsy specimens itself would simply improve diagnostic yield. 

These two factors of achievement of biopsy and correct guiding to the target lesion by VB are 

considered to additionally increase the diagnostic yields of PPLs. 

In the present study, there were no difference between the VB group and the non-VB 

group in terms of the procedure time. However, it is a general belief that the use of VB for 

guiding the bronchoscope can decrease the amount of procedure time [12, 13]. In the present 

study, the higher achievement rate of biopsy was thought to explain the unchanged time of 

procedure in the VB group compared with that in the non-VB group. Forceps biopsies need 

several minutes depending on the number of biopsies. A possible explanation is that the 

decreased time for guidance achieved by VB is cancelled-out by the time taken for biopsies. On 

the other hand, we were not able to evaluate the procedure time from the start of bronchoscopy to 

the start of sampling in the present study. This was a limitation of retrospective study. 

Second, this technique can be immediately executed in many hospitals, which already 

have the CT scan facility. However, EMN, EBUS, UB, or VB using equipment specifically 

designed for bronchoscopy cannot be available in many hospitals. In the present study, we used a 

CT workstation SYNAPSE VINCENT®, already available in our hospital, for creating VB. The 

SYNAPSE VINCENT® is a 3D-image analysis system with highly practical analysis functions at 



e 10 

the workstation[19, 20] and is a convenient tool for reconstructing virtual endoscopy using 

previously captured CT or MRI images. Some previous reports showed the utility of VB using 

CT workstation [16, 21-23]. These reports included different kinds of CT workstations, 

indicating that the utility of VB using CT workstation is independent of the type of the CT 

workstation. Importantly, in clinical practice, many hospitals cannot use the advanced equipment 

including VB using specifically designed equipment for bronchoscopy, EMN, EBUS, and UB 

because of the high additional expenses necessary to introduce them. In contrast, VB using the 

CT workstation can be immediately available without additional cost as many hospitals already 

have the CT scan, and this can contribute to an increased diagnostic yield for PPLs. 

There are several differences between VB using CT workstation and using equipment 

specifically designed for bronchoscopy. We considered the major difference to be that VB using 

CT workstation was created by manual selection of suitable bronchus and connecting the 

pathway, while VB using specifically designed equipment for bronchoscopy was created 

automatically by VB software. VB using CT workstation requires a skill for creating VB, which 

is not difficult but needs some practice. In the present study, the median VB generation time 

using CT workstation by an expert is 6.8 min (range 5.5–8.4 min), whereas, a non-expert will 

need more creation time with VB. Acquiring the skill of manual creation may take more time and 

effort than automatic creation. However, we can manually create the correct route of suitable 

bronchus, whereas automatic creation sometimes shows the incorrect route. Thus, there are 

merits and demerits for manual and automatic operations. 

It is important to know who created the VB. The creator of VB can obtain useful 

information from VB, such as bronchoscopic visual image and rotation around the proper 

bronchi before a procedure. Moreover, manually conducting and checking the VB can serve as a 

rehearsal of the actual bronchoscopy. In the present study, VB was created by one of three 

pulmonologists (S.M., H.S., or A.S.). When the bronchoscopist was the one of the three 

pulmonologists, the bronchoscopist created VB (VB creator group). When the bronchoscopist 

was another pulmonologist, one of the three pulmonologists (S.M., H.S., or A.S.) created the VB 
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instead of the bronchoscopist (non-VB creator group). For reference, the VB creator group 

generated 32.1% (18/56) of the VBs. The VB creator group had a higher diagnostic yield 

compared to the non-VB creator group [72.2% (13/18) vs. 50% (19/38); P = 0.153], although 

there was no significant difference in the present study (Supplementary Table 1). Manual 

creation itself may provide valuable information to the VB creator; however, larger sample size 

study would be needed to validate this finding. 

Although the present study indicated the possibility that VB alone is valuable for the 

diagnosis of PPLs, it does not implicate the use of VB alone as sufficient for diagnosis. If other 

guided-bronchoscopy techniques are available, employing a combination method is thought to be 

better for diagnosis. In case those techniques are not available, we should effectively utilize VB 

using CT workstation. Furthermore, it should be kept in mind that the diagnostic rate is not 

sufficient in the present study, although VB is available. Depending on the patient’s situation, 

other diagnostic methods such as TTNA should also be taken into consideration. 

There were several limitations in our study. First, the study was performed in a single 

center, leading to a possible bias in patient selection. Second, this was a retrospective 

observational design of a small sample size population. A prospective, randomized, multi-center 

trial is needed to validate the value of VB using CT workstation in conventional bronchoscopy 

settings. 

In conclusion, conventional bronchoscopy with VB using CT workstation exhibited better 

diagnostic yield than that without VB for diagnosing PPLs. This result emphasizes the value of 

VB using CT workstation in conventional bronchoscopy setting if other guided-bronchoscopy 

techniques are unavailable.  
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Figure legends 

Figure 1. Patient disposition  

Consecutive patients who underwent bronchoscopy between April 2014 and December 

2015 were enrolled in this study. The creation of virtual bronchoscopy (VB) was 

implemented in April 2015. Sixty-nine patients who underwent bronchoscopy from April 

2014 to March 2015 were assigned to non-VB group. Fifty-six patients who underwent 

bronchoscopy with VB from April 2015 to December 2015 were assigned to VB group. 

 

Figure 2. Creation of virtual bronchoscopy using CT workstation 

a) The main window of “3D viewer” application of SYNAPSE VINCENT®. b) A 

pathway to the target lesion was made by drawing a linear trajectory connecting the dots 

plotted (arrow) from the distal bronchus to the trachea on the thin-section multiplanar CT 

images. c) The CT images were converted to virtual bronchoscopy (VB) images on the 

above-made pathway, and their orientation was adjusted based on the actual 

bronchoscopy. Finally, a 3D video of the VB images was automatically created. 

 

Figure 3. Bronchoscopic procedure with virtual bronchoscopy 

a) There was a virtual bronchoscopy (VB), actual bronchoscopy, and X-ray fluoroscopy 

monitor across from the bronchoscopist. An assistant controlled the VB according to 

actual bronchoscopic images and navigated the bronchoscopist by showing correct 

direction in real time. b) Brush or forceps was introduced to target peripheral pulmonary 

legion (PPL) under fluoroscopic guidance with or without VB. After reaching the target 

PPL, brushing and biopsies were performed through the working channel of the 

bronchoscope. 

 



 

Table 1. Baseline characteristics of the patients (N = 125) 

 
VB group 

n = 56 

Non-VB group 

n = 69 
P  Value 

Age (years, median; range) 68 (27–84) 70 (43–85) 0.561 

Male, n (%) 43 (76.8) 51 (73.9) 0.712 

Lesion size (mm, long axis; range)  

  ＜ 20mm, n (%) 

  20－30 mm, n (%) 

 

33 (58.9) 

23 (41.1) 

 

35 (50.7) 

34 (49.3) 

0.360 

 

 

Lesion location 

  RUL / LUS, n (%) 

  RML / Lingula, n (%) 

  RLL / LLL, n (%) 

 

36 (64.3) 

3 (5.4) 

17 (30.4) 

 

42 (60.9) 

4 (5.8) 

23 (33.3) 

0.953 

 

 

 

Feature 

 Solid, n (%) 

 Mixed GGO, n (%) 

 Pure GGO, n (%) 

 

51 (91.1) 

4 (7.1) 

1 (1.8) 

 

67 (97.1) 

2 (2.9) 

0 

0.303 

 

 

 

X-ray fluoroscopy 

 Visible, n (%) 

 Invisible, n (%) 

 

49 (87.5) 

7 (12.5) 

 

64 (92.8) 

5 (7.2) 

0.371 

 

 

Bronchus sign positive, n (%) 40 (71.4) 62 (89.9) 0.008 

Use of GS, n (%) 43 (76.8) 25 (36.2) <0.001 

Creation time of VB, minutes, median (range)  6.8 (5.5–8.4) NA NA 

Final diagnosis 

  malignant disease, n (%) 

  non-malignant disease, n (%) 

indeterminant, n (%) 

 

39 (69.6) 

13 (23.2) 

4 (7.1) 

 

57 (82.6) 

10 (14.5) 

2 (2.9) 

0.216 

 

 

 

VB, virtual bronchoscopy; RUL, right upper lobe; LUS, left upper segment; RML, right 

middle lobe; RLL, right lower lobe; LLL, left lower lobe; GGO, ground glass opacity; GS, 

guide sheath.  



 

Table 2. Results of the bronchoscopic examination of VB and Non-VB groups  

 
VB group 

n = 56 

Non-VB group 

n = 69 
P  Value 

Diagnostic yields, n (%) 32 (57.1) 23 (33.3) 0.008 

Achievement rate of Biopsy, n (%) 42 (75.0) 36 (52.2) 0.009 

Procedure time (minutes, median; range) 27 (11–60) 25 (7–69) 0.488 

VB, virtual bronchoscopy. 



 

Table 3.  Diagnostic yield of bronchoscopy according to each parameter  

 VB group n = 56  Non-VB group n = 69 P  Value 

Lesion size 

  ＜ 20mm 

  20－30 mm 

 

18/33 (54.5) 

14/23 (60.9) 

 

6/35 (17.1) 

17/ 34 (50.0) 

 

0.001 

0.419 

Lesion location 

  RUL / LUS 

  RML /Lingula 

  RLL / LLL 

 

22/36 (61.1) 

3/3 (100) 

7/17(41.2) 

 

14/42 (33.3) 

2/4 (50.0) 

7/23 (30.4) 

 

0.014 

0.429 

0.481 

Feature 

 Solid 

 Mixed GGO 

 Pure GGO 

 

30/51 (58.8) 

2/4 (50.0) 

0/1  

 

22/67 (32.8) 

1/2 (50.0) 

0 

 

0.008 

1.000 

 

X-ray fluoroscopy 

 Visible 

 Invisible 

 

30/49 (61.2) 

2/7 (28.6) 

 

23/64 (35.9) 

0/5 (0) 

 

0.008 

0.470 

Bronchus sign 

  Positive  

  Negative 

 

27/40 (67.5) 

5/16 (31.3) 

 

23/62 (37.1) 

0/7 (0) 

 

0.003 

0.130 

Use of GS 

  Yes  

  No  

 

29/43 (67.4) 

3/13 (23.1) 

 

10/25 (40.0) 

13/44 (29.5) 

 

0.027 

0.740 

Final diagnosis 

  malignant disease 

  non-malignant disease 

indeterminant 

 

25/39 (64.1) 

7/13 (53.8) 

0/4 

 

21/57 (36.8) 

2/10 (20.0) 

0/2 

 

0.009 

0.197 

 

VB, virtual bronchoscopy; RUL, right upper lobe; LUS, left upper segment; RML, right 

middle lobe; RLL, right lower lobe; LLL, left lower lobe; GGO, ground glass opacity; GS, 

guide sheath. 



 

Table 4.  Factors related to diagnostic yield 

 

Diagnostic 

group (n = 

55) 

Non-diagnostic 

group (n = 70) 

Univariate Multivariate 

P  Value 
P  

Value 

Odds 

ratio 

95% 

confidence 

interval 

Lesion size 

 ＜ 20mm, n (%) 

  20－30 mm, n (%) 

 

24 (35.3) 

31 (54.4) 

 

44 (64.7) 

26 (45.6) 

0.032 0.052 2.27 0.99–5.20 

Lesion location 

  RUL / LUS, n (%) 

  RML /Lingula, n (%) 

  RLL / LLL, n (%) 

 

36 (46.2) 

5 (71.4) 

14 (35.0) 

 

42 (53.8) 

2 (28.6) 

26 (65.0) 

0.158    

Feature 

 Solid, n (%) 

 Mixed GGO, n (%) 

 Pure GGO, n (%) 

 

52 (44.1) 

3 (50.0) 

0 

 

66 (55.9) 

3 (50.0) 

1 (100) 

1.000    

X-ray fluoroscopy 

 Visible, n (%) 

 Invisible, n (%) 

 

53 (46.9) 

2 (16.7) 

 

60 (53.1) 

10 (83.3) 

0.045 0.112 4.23 0.71-25.13 

Bronchus sign 

  Positive, n (%)  

  Negative, n (%) 

 

50 (49.0) 

5 (21.7) 

 

52 (51.0) 

18 (78.3) 

0.017 0.011 5.00 1.45–17.20 

Use of GS 

  Yes, n (%)  

  No, n (%)  

 

39 (57.4) 

16 (28.1) 

 

29 (42.6) 

41 (71.9) 

0.001 0.016 2.90 1.22–6.88 

VB  

  Yes, n (%) 

  No, n(%) 

 

32 (57.1) 

23 (33.3) 

 

24 (42.9) 

46 (66.7) 

0.008 0.011 3.30 1.31–8.30 

RUL, right upper lobe; LUS, left upper segment; RML, right middle lobe; RLL, right lower 

lobe; LLL, left lower lobe; GGO, ground glass opacity; GS, guide sheath; VB, virtual 

bronchoscopy. 


