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Abstract 

Peripheral pulmonary lesions (PPLs) present a significant diagnostic challenge due to their 

location beyond the reach of traditional bronchoscopy. With lung cancer being the leading 

cause of cancer-related mortality worldwide, accurate and early diagnosis of PPLs is crucial. 

Virtual bronchoscopic navigation (VBN) combined with radial endobronchial ultrasound (R-

EBUS) has emerged as a promising technique to enhance the diagnostic yield for these lesions. 

This retrospective observational study evaluated the diagnostic yield of VBN-guided R-EBUS 

in patients with PPLs identified on computed tomography. The study included nine patients 

who underwent VBN-guided R-EBUS biopsy sampling. Patient demographics, lesion 

characteristics, and procedural outcomes were analyzed using descriptive and inferential 

statistics. The mean age of the patients was 57.33 years, with a mean lesion size of 3.24 cm. 

The diagnostic yield of VBN-guided R-EBUS was 77.7% (95% confidence interval: 68.5-

85.8%). Non-small cell carcinoma was the most frequent histopathological diagnosis (55.5%). 

Complications included bleeding in two patients (22.2%) and bronchospasm in one patient 

(11.1%), all managed conservatively. VBN-guided R-EBUS provides high diagnostic accuracy 

and a low risk of complications in patients with PPLs. 
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Introduction 

Lung lesions have been traditionally divided into central and peripheral lesions using either 

traditional method involving Chest X Ray or newer modalities like computed tomography (CT) 

and Virtual Bronchoscopic Navigation (VBN) Software. Peripheral pulmonary lesions (PPLs) 

are typically beyond the reach of traditional bronchoscopy [1,2]. These lesions pose a 

diagnostic challenge and are crucial due to their association with lung cancer, which remains 

the leading cause of cancer-related mortality worldwide [3]. Cancer incidence and mortality 

produced by the International Agency for Research on Cancer (IARC) shows, lung cancer 

remains the leading cause of cancer death, with an estimated 1.8 million deaths in 2020 [4]. 

The overall estimated lung cancer mortality in India is 5.9% of all cancer cases, making it the 

fourth most common cause of cancer-related mortality [5]. Lung Cancer screening programs 

and chest CT scans have enabled identification of asymptomatic peripheral lung nodules, 

highlighting the importance of early detection and accurate diagnosis. Differentiation between 

benign and malignant lesion can be done based on additional characteristics of lesions 

including size, borders, calcification pattern and enhancement features on CT [3]. 

Traditionally, Transthoracic Needle Aspiration (TTNA) and surgical biopsy are more 

commonly used for diagnosis of peripheral lesions [6]. Newer bronchoscopic methods have 

emerged to be safer and with lesser complications although the yield is variable [7]. 

Advancements in navigational bronchoscopy techniques, including virtual bronchoscopic 

navigation (VBN) when combined with radial endobronchial ultrasound (R-EBUS) guided 

sampling using an ultrathin bronchoscope, have revolutionized the diagnostic approach to 

peripheral pulmonary lesions [2]. R-EBUS involves a flexible catheter housing a rotating 

ultrasound transducer that produces a 360° ultrasound image in real-time, aiding in the 

identification of lesions and sampling sites [8]. A recent meta-analysis found the pooled 

sensitivity of R-EBUS for detecting lung cancer in peripheral pulmonary lesions was up to the 

tune of 72%. However, significant heterogeneity was observed among the studies [9]. 

Some lesions remain unreachable with the radial probe because the R-EBUS system lacks a 

navigation device. This limitation can hinder the diagnostic process for certain PPLs, 

emphasizing the potential benefits of integrating R-EBUS with VBN or other navigational aids 

to enhance reach and accuracy [10,11]. VBN is an image-based technology that utilizes spatial 

information derived from CT images to guide a bronchoscope to PPLs [12]. When combined 

with R-EBUS, VBN can enhance the diagnostic yield for small peripheral pulmonary lesions. 

Previously done studies have shown varied results in terms of diagnostic yield [13,14]. A meta-

analysis evaluating the efficacy and safety of transbronchial lung biopsy (TBLB) using R-EBUS 

and VBN compared to CT-guided transthoracic needle biopsy (CT-TNB) for diagnosing small 



 
 

pulmonary lesions showed a higher diagnostic yield for the latter but with higher complication 

rate [15]. 

This study aimed to assess the diagnostic yield of VBN-guided R-EBUS in sampling peripheral 

pulmonary lesions. By leveraging the synergistic potential of VBN and R-EBUS, this research 

seeks to offer insights into optimizing diagnostic strategies for early-stage lung cancer, 

ultimately contributing to the advancement of minimally invasive diagnostic techniques in 

pulmonology. 

 

Materials and Methods 

This was a retrospective observational study which took into account all patients diagnosed 

with a PPL on CT chest and underwent VBN assisted R-EBUS guided biopsy sampling in our 

institute over a period of one year. PPL was defined as a lung nodule measuring �3.5 cm in 

diameter and located in the lung periphery [16].  

The files of all registered patients with investigations, clinical details and other relevant data 

with diagnosis on file’s cover is kept in record in our hospital as an institute protocol. As the 

study involved secondary data analysis of data obtained using record review, ethics approval 

was not sought. The data collected did not have any identifiers and confidentiality was 

ensured. The pre-procedure investigations included complete hemogram, liver and kidney 

function tests, prothrombin time, bleeding time, clotting time, viral markers, 

electrocardiography, X-ray and CT chest. 

Specific lesion characteristics which included size (short and long axis in mm), location (lobe 

and segment) within lung field, number, borders (smooth, lobulated, spiculated, or irregular 

margins, pattern of calcification (diffuse, central, laminated, popcorn, eccentric) presence of 

involved bronchi and enhancement (mean Hounsfield unit) were recorded. 

Virtual bronchoscopic navigation technique utilizes data of helical CT to construct three-

dimensional virtual images of the bronchial route to guide the bronchoscope to the target 

lesion [12]. We used Lung Point navigation system (Broncus Medical Inc., Mountain View, 

CA, USA). The process involved two phases- 

1. Planning Phase: Patient data from the CT was imported on the system via VBN software 

which then reconstructed a 3D structure of the bronchial tree with the lesion localised 

and pathway to it. 

2. Procedure Phase: In this phase, the lesion was reached based on the pathway 

determined in the planning phase. For this a bronchoscope with assistance of radial 

endobronchial ultrasound (r-EBUS) was used, followed by biopsy.  

 



 
 

The procedure involved the use of R-EBUS (Olympus MAJ 1720) with Ultrathin Bronchoscope 

(Olympus BF-MP190F) and Adult Bronchoscope (BF-1TH190) and was done under conscious 

sedation (Figure 1). 

Patient characteristics including demographic data, smoking history, relevant medical history 

was recorded. Baseline pulmonary function tests were also performed to assess patient’s 

suitability for bronchoscopic procedures and potential risks involved. 

Statistical Methods 

Descriptive and inferential statistics which would include – diagnostic yield analysis, 

comparative analysis (if applicable) and subgroup analyses based on lesion characteristics and 

patient demographics was done. Statistical software SPSS Version 29.0.2.0 was used. 

 

Results 

A total of twenty patients diagnosed with a PPL on CT reported to the institute over a period 

of one year. The data of 5 patients could not be uploaded to the VBN software as the CT was 

not as per software protocol. Three patients did not give consent for the procedure and another 

three could not be taken up for the procedure because of respiratory failure and abnormal 

clotting profile. A total of nine patients underwent VBN assisted R-EBUS guided biopsy 

sampling.  

The mean age of the patients was 57.33± 13.23 SD years. Table 1 shows the demographic, 

clinical and functional characteristics of the patients. The ratio of FEV1 to FVC, averaged 0.68 

(SD = 0.19), which was below the normal range, suggesting the presence of airflow limitation 

in our patient cohort. The size of lesion across patients averaged 3.24±1.19 SD cm, suggesting 

a relatively consistent size among the cases. 66.7% of the cases had lesions located in the 

outer regions of the lungs. There was no lobar predilection on CT. On VBN though, the most 

involved lobes were the LLL and RUL, each accounting for 33.3 % of the cases. The lingula 

was involved in 22.2% of the cases. 44.4% of the cases had the bronchus sign present, 

indicating potential endobronchial lesions (Table 2). 

The diagnostic yield of VBN-guided R-EBUS for PPLs was 77.7% (95% CI: 68.5%–85.8%). 

Most frequent histopathological diagnosis found was Non-Small Cell Carcinoma (NSCC) 

(55.5%) and results were inconclusive in two cases (22.2%). One patient (11.1%) had 

metastatic disease and one (11.1%) showed ill- defined granuloma on histopathology. Two 

patients (22.2%) had bleeding during procedure and one (11.1%) had bronchospasm. The 

complications were managed conservatively. 

 

 



 
 

Discussion and Conclusions 

PPLs are considered as lesions in the peripheral one-third of the lung although radiographic 

anatomical landmarks separating central and peripheral lesion does not yet exist [17].  

In case of PPLs, despite of a good diagnostic yield, CT guided transcutaneous biopsy has 

complications like pneumothorax, haemorrhage and others [7].  TBLB when done with 

conventional bronchoscope, has lower risk of complications but a poor diagnostic yield. Using 

ultrathin bronchoscope and coupling it with technologies like fluoroscopic guidance or VBN 

increases the yield and carries a low risk of complications [18].  Although fluoroscopy guided 

R-EBUS has better diagnostic yield than VBN guided R-EBUS, but the risk of complications is 

lower with VBN guided procedure and additionally no radiation exposure is involved. 

The diagnostic yield of VBN-guided radial EBUS for PPLs in our study was 77.8%. This is 

consistent with previous studies reporting yields ranging from 67.4% to 80.4%.14 When 

comparing the yield of R-EBUS with and without VBN, the addition of VBN tends to increase 

the diagnostic yield. A study showed that the diagnostic yield of R-EBUS increased from 50% 

to 67% with the addition of VBN [19]. Factors that influence the diagnostic yield in include 

lesion location, size, and presence of the bronchus sign on CT and the use of additional 

technologies such as Rapid On-Site Evaluation. In our cohort, lesions were more frequently 

located in the outer lung zones (66.7%) and involved multiple lobes in some cases. There was 

no lobar or segmental predilection for lesions. The location is important as previous studies 

have highlighted that lesions located in lower lobes yield better results due to easier access 

and navigation to the lesion [20]. Out of our 9 cases, 4 cases (44.4%) had lesions in the upper 

lobes, out of which a histopathological diagnosis was possible in 3 cases (75%). Despite of 

difficult manoeuvrability due to steeper angles in upper lobe bronchi, we believe that the yield 

depends on the experience of the operator and also, we used ultrathin bronchoscope to access 

difficult areas. Average lesion size in our study was above the 2 cm threshold which is 

associated with higher yields [10]. The bronchus sign, indicating an air bronchus 

communicating with the lesion, was present in 44.4% of cases, which has been linked to 

improved diagnostic accuracy. A subgroup analysis from a previous study showed that in the 

bronchus sign-positive subgroup, the diagnostic yield in VBN-assisted EBUS was significantly 

higher compared to groups without VBN assistance [14]. This is because the bronchus sign 

indicates a direct airway path to the lesion, which can be followed using VBN, thereby 

increasing the likelihood of obtaining a successful biopsy. VBN can also reduce the time 

needed to locate and biopsy lesions as it provides a pre-planned route to the lesion thus not 

only increasing the efficiency but also decreasing the patient's exposure to anaesthesia and 

potential complications during prolonged procedures [13].  



 
 

A systemic review and meta-analysis showed a lower diagnostic yield for benign lesions using 

VBN guidance when compared to malignant lesions [12]. 

Our study is limited by its small sample size and retrospective nature. Larger prospective 

studies are needed to further elucidate factors influencing the diagnostic yield of VBN-guided 

radial EBUS. Ongoing technological advancements, such as improvements in probe design, 

newer guidance systems like robotic bronchoscopy (Monarch and Ion systems), 

electromagnetic navigation bronchoscopy and digital tomosynthesis may enhance the 

diagnostic yield and accuracy further [21-23]. VBN-guided R-EBUS TBNA is a promising 

diagnostic technique for PPLs, offering a high diagnostic yield with a low risk of complications. 

As technology advances, its role in the diagnostic algorithm for lung lesions is likely to expand, 

underscoring the need for ongoing research and training in this technique to maximize its 

potential benefits. 
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Table 1. Demographic, clinical and functional characteristics of the patients. 
Characteristics Frequency 

Sex Female 4 (44.4%) 
Male 5 (55.6%) 

Haemoptysis No 7 (77.8%) 
Yes 2 (22.2%) 

Smoking 
Active 1 (11.1%) 
Ex-smoker 4 (44.4%) 
Never 4 (44.4%) 

Respiratory comorbid COPD 4 (44.4%) 
None 5 (55.6%) 

History of malignancy No 7 (77.8%) 
Yes 2 (22.2%) 

Functional status Mean Standard deviation 
6MWD 306.25 44.70 
Forced expiratory volume in first second (FEV1) 1.65 0.63 
FEV1% 65.22 22.37 
Forced vital capacity (FVC) 2.38 0.46 
FVC% 75.56 14.57 
Ratio 0.68 0.19 
 
 
Table 2. Radiological characteristics of the lesions. 
Lesion visibility on chest X-ray No 1 (11.1%) 

Yes 8 (88.9%) 
Location of lesion on computed 
tomography (CT)  

Inner 3 (33.3%) 
Outer 6 (66.7%) 

Lobe involved on CT Left lower lobe 2 (22.2%) 
Left upper lobe 2 (22.2%) 
Multiple 1 (11.1%) 
Right lower lobe 2 (22.2%) 
Right upper lobe 2 (22.2%) 

Lobe involved on virtual 
bronchoscopic navigation 

Lingula 2 (22.2%) 
Left lower lobe 3 (33.3%) 
Right lower lobe 1 (11.1%) 
Right upper lobe 3 (33.3%) 

Bronchus sign Absent 5 (55.6%) 
Present 4 (44.4%) 

 

 

 



 
 

 
Figure 1. A) VBN and Bronchoscope set up; B) radial EBUS probe; C) virtual navigation 
guiding to the lesion (pink); D) lesion as seen on R-EBUS (arrow). 
 

 

 

 

 

 

 

 


