
DIAGNOSTIC APPROACHES TO 
SOLITARY PULMONARY
NODULE (SPN)

MaHTAS
Malaysian Health Technology Assessment Section

MEDICAL DEVELOPMENT DIVISION
MINISTRY OF HEALTH

MOH/P/PAK/ 449.20(TR)-e

HTA
H

E
A

LT
H

 T
E

C
H

N
O

LO
G

Y
A

S
S

E
S

S
M

E
N

T
 R

E
P

O
R

T





DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY 

NODULE  (SPN)

H
EA

LTH
 TEC

H
N

O
LO

G
Y

 A
S

S
ES

S
M

EN
T R

EP
O

R
T

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION 

MINISTRY OF HEALTH



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

iv

DISCLAIMER

This Health Technology Assessment has been developed from analysis, interpretation and 
synthesis of scientific research and/or technology assessment conducted by other organizations. 
It also incorporates, where available, Malaysian data, and information provided by experts to the 
Ministry of Health Malaysia. While effort has been made to do so, this document may not fully 
reflect all scientific research available. Additionally, other relevant scientific findings may have 
been reported since completion of the review.

Please contact: htamalaysia@moh.gov.my if you would like further information.

Published by  
Malaysian Health Technology Assessment Section, (MaHTAS)
Medical Development Division, Ministry of Health Malaysia
Level 4, Block E1, Complex E, Precinct 1
Federal Government Administrative Centre
62590, Putrajaya, Malaysia
Tel: 603 88831246

Copyright
The copyright owner of this publication is the Malaysian Health Technology Assessment Section 
(MaHTAS), Medical Development Division, Ministry of Health Malaysia. Content may be reproduced 
in any number of copies and in any format or medium provided that a copyright acknowledgement 
to the Malaysian Health Technology Assessment Section (MaHTAS) is included and the content is 
not changed, not sold, nor used to promote or endorse any product or service, and not used in an 
inappropriate or misleading context.

e ISBN: 978-967-2887-14-0

Available on the MOH website: http://www.moh.gov.my/v/hta

This HTA report was issued in November 2020.



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

v

AUTHORS:

MR. SYFUL AZLIE BIN MD FUZI 
Principal Assistant Director			 
Malaysian Health Technology Assessment Section (MaHTAS)
Medical Development Division
Ministry of Health Malaysia

DR. ERNI ZURINA BINTI ROMLI 
Senior Principal Assistant Director
Malaysian Health Technology Assessment Section (MaHTAS)
Medical Development Division
Ministry of Health Malaysia

INFORMATION SPECIALIST:

MADAM ROSNANI BINTI ABDUL LATIP
Nursing Officer / Information Specialist 
Malaysian Health Technology Assessment Section (MaHTAS)
Medical Development Division
Ministry of Health Malaysia



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

vi

EXPERT COMMITTEE

DR. JAMALUL AZIZI BIN ABDUL RAHMAN 
Head of Department and Senior Consultant Pulmonologist
Hospital Serdang, Selangor

DR. TIE SIEW TECK
Head of Department and Consultant Pulmonologist
Hospital Umum Sarawak

DR. MONA ZARIA BINTI NASARUDDIN
Consultant Pulmonologist
Hospital Serdang, Selangor

DR. AIDA BINTI ABDUL AZIZ 
Consultant Radiologist
Hospital Sungai Buloh

DR. SITI ROHANI BINTI MOHD YAKOP
Consultant Radiologist
Hospital Kuala Lumpur

DR. RIDZUAN BIN ABDUL RAHIM 
Consultant Radiologist   
National Cancer Institute, Putrajaya

DR. IZZUNA MUDLA BINTI MOHAMED GHAZALI
Public Health Physician
Deputy Director
Malaysian Health Technology Assessment Section (MaHTAS)
Medical Development Division 
Ministry of Health Malaysia

DR. ROZA BINTI SARIMIN
Public Health Physician
Senior Principal Assistant Director
Malaysian Health Technology Assessment Section (MaHTAS)
Medical Development Division
Ministry of Health Malaysia



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

vii

EXTERNAL REVIEWERS   

DR. IRFHAN ALI BIN HYDER ALI
Head of Department and Senior Consultant Pulmonologist
Hospital Pulau Pinang
(Head of Respiratory Services, Ministry of Health)

DR. KUNJI KANNAN A/L SIVARAMAN KANNAN
Head of Department & Consultant Pulmonologist
Hospital Queen Elizabeth, Kota Kinabalu

DR. ZUHANIS BINTI ABDUL HAMID
Consultant Radiologist
National Cancer Institute, Putrajaya

DR. MOHD ARIF BIN MOHD ZIM
Head of Department & Consultant Pulmonologist
UiTM Medical Specialist Centre, Sungai Buloh

ASSOCIATE PROFESSOR DR. MOHAMED FAISAL BIN ABD HAMID
Consultant Pulmonologist 
Hospital Canselor Tuanku Muhriz
Universiti Kebangsaan Malaysia Medical Centre



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

viii

ACKNOWLEDGEMENT

The authors for this Health Technology Assessment Report would like to express their gratitude and 
appreciation to the following for their contribution and assistance:

•	 Health Technology Assessment and Clinical Practice Guidelines Council.
 

•	 Technical Advisory Committee for Health Technology Assessment. 

•	 MADAM ROSNANI BINTI ABDUL LATIP from MaHTAS for their contribution in retrieval of the 
evidence. 

DISCLOSURE

The authors of this report have no competing interest in this subject and the preparation of this report is 
totally funded by the Ministry of Health, Malaysia.



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

ix

Background
Solitary pulmonary nodule remain challenging for accurate localization and diagnosis in lung cancer 
management. Once identified, there are many strategies for diagnosis but implications rest on 
whether the lesion is benign or malignant. Conventional bronchoscopy have poor performance in 
locating and acquiring the required tissue. While percutaneous computed tomography (CT) guided 
biopsy or computerized-assisted transthoracic needle aspiration (TTNA) are currently the favoured 
diagnostic procedure, it was associated with complications such as pneumothorax and haemorrhage. 
Video-assisted thoracoscopic surgery (VATS) and open surgical biopsy are invasive, require general 
anaesthesia, and are therefore not a first-line approach. Fortunately, the last decade has been a game-
changer in the arena of diagnostic bronchoscopy. The field of interventional pulmonary has blossomed 
with significant improvement in the guidance technology defined as guided bronchoscopy techniques 
for bronchoscopic sampling of SPN. This has the added benefit of simultaneous diagnosis and staging 
of lung cancer during a single procedure with lower risk of complications. Currently, there are still 
debates about which method to choose while cost is also an issue. It is necessary to know what type 
of SPN needs which type of bronchoscopic approaches since some of those techniques are limited to 
centres with expertise and require specific training for their use. Therefore, this HTA report was prepared 
in corresponding to the request made by Senior Consultant Pulmonologist from Serdang Hospital to 
assess the overall diagnostic performance of minimally invasive guided bronchoscopy techniques for 
tissue biopsy of SPN in the management of lung cancer in Malaysia.

Technical features
Development of guided bronchoscopy biopsy techniques has been a boon for the bronchoscopists. 
It is not a single technology but comprising of several technologies including virtual bronchoscopy 
(VB), navigation bronchoscopy (NB), and complementary technologies such as radial probe or radial 
endobronchial ultrasound (r-EBUS), ultrathin bronchoscopy (UTB), bronchoscopic transparenchymal 
nodule access (BTPNA), and electromagnetic transthoracic needle aspiration (ETTNA). In addition, 
the now commercially available robotic bronchoscopy platform has the potential to overcome the 
limitations of individual techniques while transbronchial lung biopsy with a cryoprobe, or cryobiopsy 
is a promising new bronchoscopic biopsy technique capable of obtaining larger and better-preserved 
samples than previously possible using traditional biopsy forceps.

Policy question
What is the appropriate biopsy approaches to SPN in the management of lung cancer in Malaysia? 

Objective
i.	 To assess the diagnostic accuracy/ performance of using guided bronchoscopy techniques for 

tissue biopsy of SPN in the management of lung cancer.
ii.	 To assess the safety aspect, particularly its adverse events (AEs) or complications.

iii.	 To assess the organisational aspects and economic implication related to guided bronchoscopy 
techniques for tissue biopsy of SPN in the management of lung cancer.

EXECUTIVE
SUMMARY
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Research questions

i.	 How accurate is guided bronchoscopy techniques compared to conventional method for tissue 
biopsy of SPN?

ii.	 Is guided bronchoscopy biopsy techniques safe?
iii.	 What is the organisational issue and economic implication related with guided bronchoscopy 

biopsy techniques? 

Methods

Literature search was conducted by an Information Specialist who searched for published articles 
pertaining to guided bronchoscopy techniques for tissue biopsy of SPN in the management of lung 
cancer. The following electronic databases were searched through the Ovid interface: Ovid MEDLINE® 
and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and Versions® 1946 to January 
2020, EBM Reviews - Health Technology Assessment (4th Quarter 2016), EBM Reviews - Cochrane 
Database of Systematic Review (2005 to January 2020), EBM Reviews - Cochrane Central Register of 
Controlled Trials (December 2019), and EBM Reviews - NHS Economic Evaluation Database (1st Quarter 
2016). Parallel searches were run in PubMed, US FDA and INAHTA database. No limits were applied to the 
search. Detailed search strategy is as in Appendix 3. The last search was performed on 2nd March 2020. 
Additional articles were identified from reviewing the references of retrieved articles. 

Results:

A total of 569 records were identified through the Ovid interface and PubMed while 18 were identified 
from references of retrieved articles. After removal of seven duplicates, 580 titles were found to be 
potentially relevant and were screened using the inclusion and exclusion criteria. Of these, 47 relevant 
abstracts were retrieved in full text. After reading, appraising and applying the inclusion and exclusion 
criteria to the 47 full text articles, 25 full text articles were included. The 25 full text articles finally 
selected for this review comprised of five systematic review and meta-analysis, one systematic review, 
six randomised controlled trials (RCTs), four pre- and post-interventional studies, six case series, and 
three economic evaluation studies. The studies were conducted mainly in Japan, China, Korea, Malaysia, 
Australia, United States, Germany, Belgium, and Costa Rica.

Diagnostic accuracy/ performance

Overall, a diagnostic yield at 70.6% for r-EBUS showed promising results with a pooled sensitivity and 
specificity of 73% and 100%, respectively. When used in combination with VBN or UTB, the yield increased 
to 83.6% and 74.0%, respectively. When combined with ENB, diagnostic yield ranged from 60.0% to 94.0% 
with sensitivity of 82.0% and specificity of 100%. The diagnostic odds ratio (DOR) value of 97.36 and area 
under the receiver operator characteristic (ROC) curve was higher to 0.98 suggesting an overall high 
diagnostic accuracy by ENB-guided diagnosis in peripheral pulmonary nodules (PPLs). However, r-EBUS 
alone or combined with VBN or UTB had lower diagnostic yield as compared to CT-guided percutaneous 
needle biopsy (CT-PNB; 86.1%) or CT-guided transthoracic needle biopsy (CT-TNB; 96.0%). Apart from 
that, BTPNA procedure of SPNs was feasible with 83% successful rate. The diagnostic yield for ETTNA 
alone was 83% and increased to 87% when ETTNA was combined with ENB (p=0.0016). When ETTNA and 
ENB were performed with r-EBUS for complete staging, the yield increased further to 92% (p=0.0001). 
Navigation success was also achieved with those using robotic bronchoscopy which demonstrated an 
overall diagnostic yield between 69.1% and 93.0%, with sensitivity and specificity of 88.2% and 63.6%, 
respectively. Cryobiopsy on the other hand significantly increased the diagnostic yield between 69.0% 
and 74.2% as compared to conventional forceps or standard transbronchial biopsy (TBB), with sensitivity 
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and specificity of 61% and 100%, respectively. The size of the tissue samples obtained with the cryoprobe 
was significantly larger than those acquired with conventional forceps (11.17 mm2 versus 4.69 mm2; 
p<0.001).

Safety

Compared to percutaneous CT-guided biopsy or computerized-assisted TTNA, guided bronchoscopic 
biopsy techniques are generally well-tolerated with reported complication rates ranging from 0.0% to 
5.0%. Similar to standard bronchoscopy, the spectrum and rate of complications are procedure-related 
with no severe or moderate AEs except for two main complications, pneumothorax and haemorrhage 
while less frequent complications include bleeding and respiratory failure. Most of AEs reported could 
be resolved by standard care and no deaths were related to the procedure, device or associated tools.

Organisational

Total procedure or operation time (median) varied widely based on the guided bronchoscopic biopsy 
techniques, ranging from 21.0 to 24.0 minutes in the VBN and 46.0 to 52.0 minutes for ENB. In any 
case, ETTNA seemed to have the longest procedure time of 72.5 minutes as compared to BTPNA (39.8 
minutes), while it was between 58.6 and 63.9 minutes for those obtained using robotic bronchoscopy. 
Cryobiopsy recorded a significantly longer duration at 50.0 minutes compared to 40.5 minutes in forceps 
biopsy. Patients were discharged within one day with a mean length of stay ranged from five to six 
hours following the robotic bronchoscopy procedure. As for learning curve, procedure time of BTPNA 
is comparable to either transthoracic CT-guided biopsy or standard TBB after only eight procedures. 
Meanwhile, the mean procedure time of the first and last five cases using robotic bronchoscopy was 
approximately 95.0 and 61.0 minutes, respectively.

Economic implication

There were three studies on cost-analysis retrieved. The first revealed that an ENB with biopsy was 
more expensive than CT-guided biopsy strategy (mean costs per biopsy were USD$6,633 [95% CI: 
USD$1,518, USD$18,511] versus USD$2,913 [95% CI: USD$1,248, USD$18,241]). However, costs were 
decreased in both arms in the serial biopsy strategy; the average cost of the ENB biopsy strategy falls to 
USD$2,406 (95% CI: USD$1,518, USD$19,759) whereas the average cost decreases to USD$1,934 (95% CI: 
USD$1,248, USD$19,759) in CT-guided biopsy strategy. Second study reported the costs of r-EBUS-guided 
transbronchial lung biopsy (r-EBUS-TBLB) and CT-PNB appear to be equivalent. Initial evaluation with 
CT-PNB was cost-beneficial in comparison to r-EBUS-TBLB by a margin of AU$24 (CT-PNB AU$2,724 
versus r-EBUS-TBLB AU$2,748). Finally, the third study indicated that NB and CT-fine needle aspiration 
(CT-FNA) diagnostic strategies were more cost-effective than VATS biopsy or 18F-fluoro-deoxyglucose 
positron emission tomography (FDG-PET) in populations with lung cancer prevalence greater than 50% 
(incremental cost-effectiveness ratio [ICER] per quality adjusted life year [QALY]: NB=USD$4,602; CT-
FNA=USD$3,998; VATS=USD$43,578).
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Conclusion

The availability of evidence differs between guided bronchoscopy biopsy techniques, and 
most was related to the use of r-EBUS.  There was fair to good level of retrievable evidence to 
suggest that the combined use of navigation bronchoscopy (virtual or electromagnetic) with 
r-EBUS improves overall test performance characteristics beyond either technique alone but 
lower than percutaneous CT-guided biopsy or computerized-assisted TTNA; typically varying 
with lesion size, location, and equipment used as well as other factors including the presence 
of a bronchus sign, biopsy technique, and institution expertise or learning curve of the operator. 
The major strength of guided bronchoscopic biopsy techniques is clearly its safety profile, 
especially regarding the risk of procedure-related pneumothorax and haemorrhage, which is 
about 10 times lower than conventional bronchoscopy or CT-guided biopsy. Given the existing 
evidence, cost of managing complications was the main factor that influenced cost-analysis 
results. For this reason, guided bronchoscopy biopsy techniques was found to be cost-effective 
when a sequential diagnostic strategy were applied and when cancer prevalence was high. 

Recommendation

Based on the above review, guided bronchoscopy techniques mainly using a combination of 
VBN or ENB with r-EBUS are an appropriate biopsy approaches to SPN and may be used for 
management of patients with lung cancer in selected centres in MOH hospitals, provided local 
expertise is available. Although other techniques appears promising and has the potential to be 
considered as valuable option, they are rarely used and their role remains largely investigational 
while cost implication should also be considered. Refinement of selection criteria for the 
respective techniques may have a significant impact on the results for the patient and close 
cooperation between bronchoscopists, pulmonologists, and radiologist is an essential step in 
achieving this aim. 
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 HEALTH TECHNOLOGY ASSESSMENT (HTA) 
DIAGNOSTIC APPROACHES TO SOLITARY PULMONARY NODULE (SPN)

1.0	 BACKGROUND

Epidemiology
Worldwide, lung cancer is the most common malignancy and continues to be the leading 
cause of cancer-related deaths in the past few decades. In 2018, a total of 2.1 million new cases 
were estimated, contributing about 11.6% of the total cancer incidence burden.1-2 According to 
the most recent data by Malaysia National Cancer Registry (MNCR) for the incidence year of 
2012-2016, lung cancer was the third (9.8%) most common cancer in the country, the second 
(14.9%) most common cancer in males, and the fifth (5.6%) most common in females.3 Despite 
advances in diagnostic approaches, staging and treatment, and also the fact that early-detected 
lung cancer is curable in patients with good performance status, the overall 5-year survival for 
lung cancer has not significantly changed and is estimated to be around 17.8%. Lack of early 
detection and accurate localization of lesion for tissue acquisition remains one of the biggest 
challenges in lung cancer management.4

Pathophysiology
A solitary pulmonary nodule or coin lesion has been defined on imaging as a round or oval opacity 
≤3 cm in diameter that is completely surrounded by pulmonary parenchyma, does not touch 
the hilum or mediastinum, and not associated with atelectasis, lymphadenopathy or pleural 
effusion. Peripheral pulmonary nodules (also known as peripheral lung lesions, PPLs) with a 
diameter >3 cm are classified as pulmonary masses and differ from SPN. The prevalence of 
malignancy in SPNs depends on the clinical setting, ranging from 2.0% to 86.0% for incidentally 
discovered nodules both on chest radiography (CXR) (Figure 1) and computed tomography (CT) 
(Figure 2), and from 1.1% to 12.0% for those that are screen detected.5-10

Figure 1: A SPN (arrow) identified in the right lower 
zone on a CXR.

Figure 2: A SPN (arrow) identified in the left upper 
lobe on a thoracic CT scan with a background of 
fibrotic changes.
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             Management of SPN
The major question that follows detection of a pulmonary nodule is a diagnostic dilemma faced 
by many clinicians. The differential diagnosis may be broad, but implications rest on whether the 
lesion is benign or malignant. Indeed, a recently published multicentre National Lung Screening 
Trial (NLST) has shown the benefit of early detection in a selected high-risk cohort of patients 
(current and former smokers). The trial revealed that screening with low-dose CT scan results 
in a relative reduction of 20% cancer-specific mortality; however, 96.4% of nodules detected are 
false positive and 90.4% of those required further diagnostic investigations.11 Similarly, among 
12,029 nodules found in a large Canadian study, only 144 (1.1%) were malignant.12 Therefore, 
the management of a SPN should aim to identify malignancy as fast as possible in order to 
provide the option of potentially curative surgical treatment, whilst avoiding invasive diagnostic 
procedures in case of benign lesions.9, 13-14

Diagnosis
The gold standard of lung cancer diagnosis is to collect a specimen from the lesion and diagnose 
it pathologically, an approach for which surgical biopsy, transthoracic needle aspiration 
(TTNA), and transbronchial biopsy are available for selection. Choosing the most appropriate 
biopsy technique for suspected peripheral nodule, however, can be a challenging clinical risk–
benefit decision and factors such as lesion size, location, patient co-morbidities including 
emphysematous changes around the lesion, respiratory function, and the pre-test probability 
(prevalence) of malignancy must be taken into account. Although routine flexible bronchoscopy 
has been a conventional method to evaluate peripheral lung nodule, it is of limited diagnostic 
value 15 in locating and acquiring the required tissue with the diagnostic yield ranging from 20% 
to 84%.16-18 Success is further compromised if the lesion is <2 cm, due to the inability to go 
beyond the subsegmental level and to steer endobronchial accessories directly into the lesion.18 
Similarly, while percutaneous CT-guided biopsy or computerized-assisted TTNA are currently 
the favoured diagnostic procedure, it was associated with complications (pneumothorax and 
haemorrhage) and are highly operator-dependent. Video-assisted thoracoscopic surgery (VATS) 
and open surgical biopsy are the most reliable; however, there are invasive, require general 
anaesthesia, and therefore not a first-line approach for patients with lung nodules suspicious 
for cancer.19 

To overcome such problems, several innovative navigation methods that offer guidance 
through the tracheobronchial tree during bronchoscopy to help reach and biopsy the SPN 
have recently been developed. The result has been the development of a platform broadly 
defined as guided bronchoscopy techniques. It is not a single technology but comprising of 
several technologies including virtual bronchoscopy (VB), navigation bronchoscopy (NB), and 
complementary technologies such as radial probe or radial endobronchial ultrasound (r-EBUS), 
ultrathin bronchoscopy (UTB), bronchoscopic transparenchymal nodule access (BTPNA), and 
electromagnetic transthoracic needle aspiration (ETTNA). On top of that, the now commercially 
available robotic bronchoscopy platform has the potential to overcome the limitations of 
individual techniques while transbronchial lung biopsy with a cryoprobe, or cryobiopsy is a 
promising new bronchoscopic biopsy technique capable of obtaining larger and better-preserved 
samples than previously possible using traditional biopsy forceps.20-22
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With so many tools available, there are still debates about which method to choose while 
cost is also an issue. Therefore, it is necessary to know what type of SPN needs which type of 
bronchoscopic approaches since some of those techniques are limited to centres with expertise 
and require specific training for their use. This HTA report was prepared in corresponding to the 
request made by Senior Consultant Pulmonologist from Serdang Hospital to assess the overall 
diagnostic performance of minimally invasive guided bronchoscopy techniques for tissue biopsy 
of SPN in the management of lung cancer in Malaysia.

 
2.0	 TECHNICAL FEATURES
	
2.1	 Virtual bronchoscopy (VB)

Virtual bronchoscopy is a non-invasive form of bronchoscopy. It is not an endoscopic procedure, 
but rather an imaging modality that uses non-contrast-enhanced CT images to reconstruct the 
airways in a three-dimensional (3-D) manner producing images that appear similar to those 
visualized during real-time bronchoscopy. While VB itself cannot acquire samples, it can be 
used to pre-plan future procedures or as a navigational tool for biopsy.19, 23 

2.2	 Navigation bronchoscopy (NB)
	

Navigation bronchoscopy uses a navigational system to guide instruments such as flexible or 
ultrathin bronchoscope through the airways to a target lesion for biopsy. Navigational systems 
can be virtual (virtual bronchoscopy navigation, VBN) or electromagnetic (electromagnetic 
navigation bronchoscopy, ENB): 19, 23

	 2.2.1	 Virtual bronchoscopy navigation (VBN)

Virtual bronchoscopy navigation is a technique for guiding a bronchoscope using VB 
images along the bronchial route to a peripheral target lesion in the lung. Usually, VBN 
is combined with fluoroscopy, CT scan, or endobronchial ultrasonography with a guide 
sheath (EBUS-GS) to confirm the arrival of the biopsy instrument at the lesion.19, 23

2.2.2	 Electromagnetic navigation bronchoscopy (ENB)

An ENB is a relatively new navigation method that utilizes electromagnetism. An 
electromagnetic field is prepared around the patient’s chest, and biopsy instruments are 
guided to a pulmonary lesion based on the positional information of the electromagnetic 
micro-centre and CT information acquired beforehand. The most widely used and reported 
system is superDimensions® (Covidien, Mansfield, MA, USA) which acquired European 
CE certification as an electromagnetic navigation system in 2002 and approval from 
the US Food and Drug Administration (US FDA) in 2004. Two other navigation systems 
are commercially available, namely The LungPoint Virtual Bronchoscopic Navigation 
System (Bronchus Technologies, Inc., Mountain View, CA, USA) and the SpiNDrives® 
(Veran Medical Technologies, Inc., St. Louis, MO, USA).19, 24
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2.3	 Radial probe or radial endobronchial ultrasound (r-EBUS)
	

Radial probe or radial endobronchial ultrasound is preferred for sampling nodules and masses 
within the lung periphery since many SPN lesions are located outside bronchial lumen. There 
are two main types of EBUS: while linear or convex EBUS is used for sampling mediastinal and 
hilar lymph nodes, r-EBUS is used for PPLs. The technique involves driving the bronchoscope 
close to the lesion through the maze of airways as planned based on the CT scan. Once the 
tip of bronchoscope is in vicinity of the PPL and cannot be advanced any further, the r-EBUS 
probe covered with the guide sheath (GS) is advanced through the working channel of the 
bronchoscope towards the lesion. The r-EBUS provides a high resolution 360-degree view of the 
surrounding lung. The characteristic ultrasound features of normal and abnormal lung tissue 
help identify the lesion. At this point, the r-EBUS probe is withdrawn while the GS is left in place 
as an extended working channel. Biopsy instruments are then advanced through the GS to the 
lesion to obtain tissue samples.19, 25-26

 
2.4	 Ultrathin bronchoscopy (UTB)

In general, the use of UTB is fairly uncommon since the working channels are small and thus 
can only accommodate smaller biopsy instruments. Although there is no clear definition of UTB, 
those with a 3-mm or smaller outer diameter are called ultrathin. These can be used similarly to 
normal-size bronchoscopes, but should be carefully operated because they are readily broken 
due to their thinness. Compared with normal-size bronchoscopes, an UTB can be advanced 
to the peripheral bronchus under direct vision and is useful for cases difficult to diagnose by 
conventional bronchoscopy.19, 27-28

2.5	 Bronchoscopic transparenchymal nodule access (BTPNA)

In this techniques, the nodules are accessed through a transparenchymal ‘‘off-road’’ approach 
that is not dependent on the need to have an airway leading into the lesion. A computer software-
generated tunnelled path is created from the bronchial segments through the lung parenchyma 
directly to the PPLs. Bronchoscopic transparenchymal nodule access relies on the operator 
experience and the software to ensure that no major vessels are injured while tunneling through 
the lung parenchyma.19 

2.6	 Electromagnetic transthoracic needle aspiration (ETTNA)

This technology incorporates a unique electromagnetic guidance system allowing clinicians 
to track SPN and target them for ETTNA without utilizing real time CT in the operating room 
or bronchoscopy suite. Providing this capability allows the pulmonologist to perform initial 
lymph node staging with EBUS in the same procedural setting. This approach may provide a 
much needed intervention allowing physicians to utilize a multimodality approach in a single 
procedural setting to optimize diagnostic yield and limit complications.29
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2.7	 Robotic bronchoscopy
	

	There are currently two systems available; one in development and other with FDA approval 
in 2018. These systems use a small robotic endoscope controlled by robotic steering devices 
under direct visualization by the operator. The bronchoscopes are advanced and steered using a 
separate control device. The system still requires thin slice CT scan data to plan the pathway and 
navigate to the desired target. Theoretical advantages of such technology include continuous 
endobronchial visualization and greater maneuverability of the tip of the bronchoscope with the 
ability to lock into a desired position.19

2.8	 Transbronchial cryobiopsy

Transbronchial cryobiopsy, hereafter referred to simply as cryobiopsy, refers to the use of a 
cryoprobe to obtain larger tissue samples of peripheral lung tissue with the frozen tip allowing 
biopsy in a 360° direction, thus potentially achieving more effective biopsy in eccentrically 
and adjacently orientated lesions. The cryoprobe is advanced through the working channel 
of the bronchoscope into the peripheral lung and then activated for several seconds, causing 
surrounding parenchyma to rapidly freeze and adhere to the cryoprobe tip. Cryoprobe tip 
with frozen biopsy are then submerged in saline to rapidly thaw and release the biopsy from 
the cryoprobe, which is then removed from the working channel as the bronchoscope is re-
introduced into the airway.30 

3.0	 POLICY QUESTION

What is the appropriate biopsy approaches to SPN in the management of lung cancer in Malaysia? 

4.0	 OBJECTIVE

4.1	 To assess the diagnostic accuracy/ performance of using guided bronchoscopy 
techniques for tissue biopsy of SPN in the management of lung cancer.

4.2	 To assess the safety aspect, particularly its adverse events (AEs) or complications.

4.3	 To assess the organisational aspects and economic implication related to guided 
bronchoscopy techniques for tissue biopsy of SPN in the management of lung cancer.

The following research questions will be addressed: 

i.	 How accurate is guided bronchoscopy techniques compared to conventional method 
for tissue biopsy of SPN?

ii.	 Is guided bronchoscopy biopsy techniques safe?

iii.	 What is the organisational issue and economic implication related with guided 
bronchoscopy biopsy techniques? 
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5.0	 METHODS

5.1.	 Literature search strategy

Literature search was conducted by an Information Specialist who searched for published articles 
pertaining to guided bronchoscopy techniques for tissue biopsy of SPN in the management of 
lung cancer. The following electronic databases were searched through the Ovid interface: 
Ovid MEDLINE® and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and 
Versions® 1946 to January 2020, EBM Reviews - Health Technology Assessment (4th Quarter 
2016), EBM Reviews - Cochrane Database of Systematic Review (2005 to January 2020), EBM 
Reviews - Cochrane Central Register of Controlled Trials (December 2019), and EBM Reviews - 
NHS Economic Evaluation Database (1st Quarter 2016). Parallel searches were run in PubMed, US 
FDA and INAHTA database. No limits were applied to the search. Detailed search strategy is as in 
Appendix 3. The last search was performed on 2nd March 2020. Additional articles were identified 
from reviewing the references of retrieved articles.

 
5.2. 	 Study selection 

	 Based on the policy question, the following inclusion and exclusion criteria were used:-

5.2.1	 Inclusion criteria

a. Population
Patients with solitary pulmonary nodule (SPN) or coin lesion, patients 
with or suspected lung cancer 

b. Intervention

Guided bronchoscopy biopsy techniques:
i.	 Virtual bronchoscopy (VB)

ii.	 Navigation bronchoscopy (NB): virtual bronchoscopy navigation 
(VBN) and electromagnetic navigation bronchoscopy (ENB)

iii.	 Radial probe or radial endobronchial ultrasound (r-EBUS) 
iv.	 Ultrathin bronchoscopy (UTB)
v.	 Bronchoscopic transparenchymal nodule access (BTPNA)

vi.	 Electromagnetic transthoracic needle aspiration (ETTNA)
vii.	 Robotic bronchoscopy

viii.	 Transbronchial cryobiopsy

c. Comparator

i.	 Conventional bronchoscopy
ii.	 Percutaneous CT-guided biopsy

iii.	 Video-assisted thorascopic surgery (VATS) or open surgical 
biopsy
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d. Outcomes

i.	 Diagnostic accuracy: diagnostic yield, detection rate, sensitivity, 
specificity, positive predictive value (PPV), negative predictive 
value (NPV), diagnostic odds ratio (DOR), receiver operator 
characteristic (ROC) curve, and area under the ROC curve (AUC)

ii.	 Safety: mortality, AEs, complications
iii.	 Organisational issues: hospital utilization (readmission, length 

of stay, general or local anaesthesia), procedural time points 
and training or learning curve

iv.	 Economic implications: cost, cost-benefit, cost-effectiveness, 
cost-utility analysis

e. Study design
HTA reports, systematic review with/out meta-analysis, randomised 
controlled trial (RCT), pre-post intervention, diagnostic, cross-sectional, 
case series, economic evaluation studies

f. Full text articles published in English

5.2.2	 Exclusion criteria

a. Study design
Cohort, case-control, case report, animal study, laboratory study, 
narrative review 

b. Non English full text articles

Based on the above inclusion and exclusion criteria, study selection were carried out 
independently by two reviewers. The titles and abstracts of all studies were assessed for 
the above eligibility criteria. If it was absolutely clear from the title and/or abstract that 
the study was not relevant, it was excluded. Full text article was retrieved for those title 
and abstract considered as relevant and if it was unclear from the title and/or abstract 
whether the study was relevant or not. Two reviewers assessed the content of the full 
text articles. Disagreement was resolved by discussion.

5.3	 Quality assessment strategy

	 The methodological quality of all the relevant full text articles retrieved was assessed 
using the Critical Appraisal Skills Programme (CASP) 31 tool depending on the type of 
study design, and was conducted by two reviewers. The Cochrane Collaboration’s tool 
for assessing risk of bias of RCT is an example of a component approach which is 
also use by MaHTAS. It is a two-part tool, addressing the six specific domains (namely 
sequence generation, allocation concealment, blinding, incomplete outcome data, 
selective outcome reporting and other issues). All full text articles were graded based 
on guidelines from the U.S. / Canadian Preventive Services Task Force (Appendix 1).32-33 
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5.4 	 Data extraction strategy

	 Data were extracted from included studies by a reviewer using a pre-designed data 
extraction form (Evidence Table as shown in Appendix 4) and checked by another 
reviewer. Disagreements were resolved by discussion and the extracted data was 
presented and discussed with the expert committee. The data extracted was as follows: 

i.	 Details of methods including study design
ii.	 Study population characteristics including age, trial inclusion and exclusion 

criteria
iii.	 Details of intervention and comparator
iv.	 Types of outcome measures including diagnostic accuracy of guided bronchoscopy 

biopsy techniques (diagnostic yield, detection rate, sensitivity, specificity, PPV, 
NPV, DOR, ROC curve, and AUC), safety (adverse events or complications related 
to guided bronchoscopy biopsy techniques), organisational issues (hospital 
utilization, procedural time points and training or learning curve), and economic 
implications of using guided bronchoscopy biopsy techniques (cost, cost-benefit, 
cost-effectiveness, and cost-utility).

 
5.5	 Methods of data synthesis  

Data on the diagnostic accuracy, safety, organizational, and economic implication of 
guided bronchoscopy techniques for tissue biopsy of SPN in the management of lung 
cancer were presented in tabulated format with narrative summaries. No meta-analysis 
was conducted for this review.

6.0	 RESULTS 

	 Search results

An overview of the search is illustrated in Figure 3. A total of 569 records were identified 
through the Ovid interface and PubMed while 18 were identified from references 
of retrieved articles. After removal of seven duplicates, 580 titles were found to be 
potentially relevant and were screened using the inclusion and exclusion criteria. Of 
these, 47 relevant abstracts were retrieved in full text. After reading, appraising and 
applying the inclusion and exclusion criteria to the 47 full text articles, 25 full text articles 
were included. A total of 22 full text articles were excluded since the studies were 
already included in systematic review and meta-analysis (n=17), irrelevant study design 
(n=1) and irrelevant intervention (n=4). The excluded articles are listed in Appendix 5. 

The 25 full text articles finally selected for this review comprised of five systematic review 
and meta-analysis, one systematic review, six RCTs, four pre- and post-interventional 
studies, six case series, and three economic evaluation studies.

The studies were conducted mainly in Japan, China, Korea, Malaysia, Australia, United 
States, Germany, Belgium, Switzerland, and Costa Rica.
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Figure 3: Flow chart of retrieval of articles used in the results
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Risk of bias assessment:

The risk of bias in the included studies were assessed using domain-based evaluation. For 
RCT, Cochrane Collaboration Tool for assessing risk of bias comprising of six domain was used 
whereas for other studies, the tools that are being used by MaHTAS to assess the risk of bias 
are adapted from the CASP checklist. This is achieved by answering a pre-specified question of 
those criteria assessed and assigning a judgement relating to the risk of bias as either: 

+ Indicates low risk of bias

? indicates unclear risk of bias

- Indicates high risk of bias

Overall, the risk of bias were low for SRs, RCTs, and economic evaluation studies. Although some 
of the RCTs and the pre- and post- interventional studies in this review were non-blinded due to 
the nature of the interventions under investigation, there were not leading to bias or classified 
as being at a high risk of performance bias. Besides, most of the studies were limited by the 
sample size or small case number. The results of risk of bias of included studies are summarised 
in Figure 4.1 to 4.4 
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Zhang W 2015 38 + + + +

Steinfort DP 2011 40 + + + +

Ali MS 2017 41 + + + +
Wang Memoli JS 
2012 43 + + - +

Han Y 2018 44 + + + +
  

Figure 4.1: Assessment of risk of bias of systematic review (CASP)
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Wang W 2018 42 + + ? + + +
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Figure 4.2: Assessment of risk of bias of RCT
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Question or objective clearly stated? + + + +

Eligibility/selection criteria for study population clearly described? + + + +

Were participants representative for those who would be eligible for 
the test/service/intervention in the population of interest? + + + +

Were all eligible participants that met the prespecified entry criteria 
enrolled? + + + +

Sample size sufficiently large to provide confidence in findings? + - - -

Test/service/intervention clearly described or delivered 
consistently? + + + +

Outcome measures prespecified, valid, reliable, and assessed 
consistently? + + + +

People assessing the outcome measures blinded to participants 
exposure/interventions? - - - -

Loss to follow-up ≤ 20%? Accounted for in the analysis? + + + +

Statistical methods examine changes in outcome measures from 
before to after intervention? P value? + ? ? +

Outcome measures taken multiple times before and after 
intervention? Use interrupted time-series design? ? ? ? ?

If intervention conducted at group level, did statistical analysis take 
into account of individual level data to determine effects at group 
level?

? ? ? ?

Figure 4.3: Assessment of risk of bias of pre- and post-interventional studies with no control (NIH)
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Results of the evaluation? + + +
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Figure 4.4: Assessment of risk of bias of economic evaluation (CASP)
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6.1	 DIAGNOSTIC ACCURACY/ PERFORMANCE OF GUIDED 
BRONCHOSCOPY BIOPSY TECHNIQUES:

6.1.1	 Navigation bronchoscopy: virtual bronchoscopy navigation (VBN)

	 To demonstrate the usefulness of VBN system, three multicentre RCTs have been performed. 
Ishida T et al. (2011) randomly allocated 200 patients with PPLs ≤3 cm to a VBN-assisted (VBNA) 
and a non-VBN-assisted (NVBNA) group, according to lesion size and the skill of the operators. 
A thin bronchoscope (TB) with an outer diameter of 4 mm was guided by a VBN system in the 
VBNA group and using axial CT images as a reference in the NVBNA group. Biopsy was performed 
concomitantly with r-EBUS with a guide sheath (r-EBUS-GS) under x-ray fluoroscopy. They found 
that the diagnostic yield was significantly higher for the VBNA group than for the NVBNA group 
(80.4% versus 67.0%; p=0.032).33, level I 

	
	 Asano F et al. (2013) further evaluated the value of VBN system by randomly assigned 350 patients 

with PPLs ≤3 cm into two groups: an ultrathin bronchoscope (UTB) with an outer diameter of 2.8 
mm was guided using a VBN system in the VBNA group, and using axial CT images as a reference 
in the NVBNA group. Since the working channel of the UTB was thin (1.2 mm), r-EBUS probe 
could not be inserted. Thus, the investigators performed biopsy under fluoroscopy in both groups. 
There was no significant difference in the diagnostic yield between the VBNA group (67.1%) and 
the NVBNA group (59.9%; p=0.173). The subgroup analysis, however, showed that the diagnostic 
yield was significantly higher in the VBNA group than in the NVBNA group for right upper lobe 
lesions (81.3% versus 53.2%; p=0.004); lesions invisible on posterior–anterior radiographs (63.2% 
versus 40.5%; p=0.043); and lesions in the peripheral third of the lung field (64.7% versus 52.1%; 
p=0.047).34, level I

	
	 In another multicentre, multi-arm RCT by Bo L et al. (2019), a total of 1,010 patients were randomly 

divided into one of three groups: a traditional non-guided bronchoscopy biopsy (NGB group), 
r-EBUS-GS guided bronchoscopy biopsy (r-EBUS-GS group), and a guided bronchoscopy biopsy 
that combined r-EBUS-GS with VBN (combined group). The study indicated that the r-EBUS-
GS and combined groups (r-EBUS-GS + VBN) had a significantly higher diagnostic yield (72.3% 
and 74.3%) than the NGB group (41.2%) (p<0.01). The ultrasonic probe location significantly 
affected the diagnostic yields in the r-EBUS-GS and combined groups. The diagnostic yield 
was approximately 86.8% if the probe was internal to the nodule before the biopsy and when 
the probe was near or outside the nodule, the diagnostic yields were only 64.5% and 37.0%, 
respectively. The diagnostic yield for PPLs >20 mm in diameter in this trial was significantly 
higher than that for those <20 mm in diameter.35, level I

	
Most recently, Xu C et al. (2019) conducted a small RCT to compare a combination of VBN and 
r-EBUS guided bronchoscopy with r-EBUS alone among 115 patients with SPN. Overall diagnostic 
yield between the VBN + r-EBUS group and the r-EBUS group were 83.6% and 66.7%, respectively. 
In subgroup analysis, diagnostic yield of both groups were lower in lesions diameter <20 mm 
than ≥20 mm. However, the diagnostic yield was higher in the r-EBUS + VBN group for lesions 
≤20 mm in diameter than the r-EBUS group (80.0% versus 53.6%, respectively, p=0.041). There 
were also no significant difference in diagnosis rate between the two groups with regards to 
malignant lesions, benign lesions, and different location lesions.36, level II-1
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6.1.2	 Navigation bronchoscopy: electromagnetic navigation bronchoscopy (ENB)
	
	 To date there have been two systematic reviews and one clinical trial published on the role of 

ENB in diagnosis lung nodules. In 2014, Gex G et al. performed a meta-analysis which included 
15 trials with 1,033 lung nodules or masses in 971 patients. Analysis of all studies demonstrated 
an accessibility rate or successful navigation toward PPLs with ENB of 97.4% (95% confidence 
interval [CI]: 95.4, 98.5). The pooled diagnostic yield was 64.9% (95% CI: 59.2, 70.3) while diagnostic 
accuracy was analysable in 14 trials and reached 73.9% (95% CI: 68.0, 79.2). The overall sensitivity 
of ENB to detect cancer was 71.1% (95% CI: 64.6, 76.8). The accuracy to determine the correct 
malignancy status ranged from 66.7% to 98.0%, leading to a pooled accuracy for malignancy of 
78.6% (95% CI: 72.8, 83.4). The NPV of ENB for cancer was 52.1% (95% CI: 43.5, 60.6). Univariate 
analyses identified six statistically significant variables: location of the lower lobe correlated 
with decreased yields whereas greater nodule size, presence of a bronchus sign, lower 
registration error (AFTRE), nodule visualization with r-EBUS, and catheter suction technique 
were associated with increased yields.37, level II-2

	
	 Zhang W et al. (2015) updated the meta-analysis by Gex G et al. by looking at 17 studies consisting 

of 1,106 patients with PPLs. They found that the diagnostic yield ranged from 60% to 94%. The 
pooled sensitivity, specificity, positive likelihood ratios (LRs+), negative likelihood ratios (LRs-), 
and diagnostic odds ratios (DORs) of ENB was 82%, 100%, 18.67, 0.22, and 97.36, respectively. The 
area under the curve (AUC) for the summary receiver operating characteristic curves (SROC) 
was 0.9786, suggesting an overall high diagnostic accuracy by ENB-guided diagnosis in PPLs. 
Like the previous meta-analysis, similar statistically significant variables were identified.38, level II-2

	 NAVIGATE is a large multicentre, single arm study that evaluated ENB using the superDimension® 
navigation system. A total of 1,215 consecutive subjects were enrolled at 29 academic and 
community sites in the United States. Follow-up was completed in 98.9% subjects (1,202 
of 1,215) at 1-month and 80.3% (976 of 1,215) at 12 months. Among the 1,157 lung lesion biopsy 
cases, navigation was successful and tissue was obtained in 94.4% (1,092 of 1,157). The 12-month 
diagnostic yield was 72.9%. Pathology results of the ENB-aided tissue samples showed 
malignancy in 44.3% (484 of 1,092) and were negative in 55.7% (608 of 1,092). As of 12 months, 284 
initially negative outcomes were considered true negative and 220 were false negative. Hence, 
sensitivity, specificity, PPV, and NPV for malignancy were 69%, 100%, 100%, and 56%, respectively. 
Multivariate predictors of increased diagnostic yield were procedure time <60 minutes, use of 
<3 biopsy tools, lymph node sampling during the ENB procedure, biopsy of multiple lesions, and 
presence of a bronchus sign.39, level II-2

6.1.3	 Radial probe or radial endobronchial ultrasound (r-EBUS)
	
	 The diagnostic yield and factors affecting the performance of r-EBUS have been extensively 

evaluated, although most of these studies have been small. The first meta-analysis specifically 
evaluating r-EBUS was published by Steinfort DP et al. in 2011. They aimed to determine point 
sensitivity and specificity for the diagnosis of peripheral lung cancer. A total of 16 studies with 
1,420 patients were included. The reference standard was confirmation by histology of surgically 
obtained specimens or close clinical follow-up for at least six months. Based on meta-analysis, 
r-EBUS had point sensitivity of 0.73 (95% CI: 0.70, 0.76) and point specificity of 1.00 (95% CI: 0.99, 
1.00). Diagnostic odds ratio was 103.75 (95% CI: 46.4, 231.7), correspond to a LR+ of 26.84 (95% 
CI: 12.60, 57.20) and a LR- of 0.28 (95% CI: 0.23, 0.36). The yield of the technique improves as the 
prevalence of malignancy and the size of the nodule increase (77.7% for >20 mm versus 56.3% 
for ≤20 mm).40, level II-2
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            Ali MS et al. (2017) conducted the largest meta-analysis to date, assessing the performance of 

r-EBUS for diagnosing PPLs using data from previously published r-EBUS studies. Fifty-seven 
studies with a total of 7,872 lesions were included. Overall weighted diagnostic yield for r-EBUS 
was 70.6% (95% CI: 68.0, 73.1). Four factors were shown to impact the diagnostic yield: size of 
PPL (75.7% for >2 cm versus 60.5% for ≤2 cm), its nature (72.4% for malignant versus 60.2% for 
benign), presence of a bronchus sign on CT scan (76.5% if present versus 52.4% if absent), and 
position of the r-EBUS probe with regards to the lesion (78.7% when the probe reached within 
the lesion versus 52.0% when the probe was adjacent to the lesion). However, there was no 
significant difference in the diagnostic yields based on the lobar location.41, level II-2

	
	 Direct comparison between r-EBUS and CT-guided percutaneous needle biopsy (CT-PNB) have 

been relatively rare. In order to provide more reasonable choices in evaluating SPNs, Wang W 
et al. (2018) conducted an RCT to compare the diagnostic yield, complications, and influencing 
factors between the two methods. A total of 215 patients with SPN detected by spiral CT were 
consecutively enrolled at the Endoscopic Centre of Nanjing Chest Hospital. According to 
the inclusion and exclusion criteria, 160 eligible patients were randomly allocated into either 
r-EBUS or CT-PNB group. All patients were followed up for at least one year. The study revealed 
that sensitivity of r-EBUS for malignancy was 73.7% (42/57) and for benign was 43.5% (10/23); 
overall diagnostic accuracy was 65.0% (52/80). In CT-PNB group, sensitivity was 87.9% (51/58) 
for malignancy and 81.0% (17/21) for benign; overall diagnostic accuracy was 85.0% (68/80). 
Factors affecting diagnostic yield of r-EBUS were size of SPNs (76.6% for >20 mm and ≤30 mm 
versus 50.0% for >10 mm and ≤20 mm; p=0.027), the distance from the SPN lesion to pleura (the 
longer the distance the higher the diagnostic yield; p=0.031), and the location of the probe to 
lesions (probe located within the SPNs had higher diagnostic yield than those probes adjacent 
or invisible to the SPNs; p=0.009). However, these factors were not observed to influence the 
diagnostic yield in CT-PNB group.42, level II-1

	
6.1.4	 Multimodality-guided bronchoscopy 

Wang Memoli JS et al. (2012) published a systematic review of various guided bronchoscopy 
techniques for the evaluation of PPLs. Studies evaluating the diagnostic yield of any one or 
a combination of ENB, VB, r-EBUS, UTB, and GS were assessed. A total of 3,004 patients with 
3,052 lesions from the 39 studies performed between 2002 and 2010 were finally included in the 
meta-analysis. They reported an overall pooled diagnostic yield of 70.0% (95% CI: 67.1, 72.9%). 
The yield of VB (72.0% 95% CI: 65.7, 78.4%) and r-EBUS (71.1% 95% CI: 66.5, 75.7%) were higher 
than the overall weighted diagnostic yield, whereas the highest yield was seen with the use of 
a GS (73.2% 95% CI: 64.4, 81.9%) to maintain the position for biopsy after the localization of the 
nodule. The yield was also found to depend on size of the lesion. For nodules measuring ≤20 mm 
in diameter, the diagnostic yield was 60.9% (95% CI: 54.0, 67.7%) and 82.5% (95% CI: 78.6, 86.4%) 
in nodules >20 mm.43, level II-2

Recently, Han Y et al. (2018) compared the efficacy and safety of transbronchial lung biopsy using 
r-EBUS plus VBN with CT-guided transthoracic needle biopsy (CT-TNB) for tissue diagnosis of 
small pulmonary lesions (PLs) up to 3 cm. From 7,345 records, nine articles on the bronchoscopic 
(BR) approach and 15 articles on the percutaneous (PC) approach were included in the meta-
analysis. For lesion of the same size (≤3 cm), CT-TNB exhibited a higher diagnostic yield than 
r-EBUS plus VBN. The pooled diagnostic yield was 75% (95% CI: 69, 80) using the BR approach 
and 93% (95% CI: 90, 96) using the PC approach. For both techniques, diagnostic yield improved 
with increasing lesion size. For tissue biopsy of PLs ≤2 cm, the PC approach was superior to the 
BR approach (pooled diagnostic yield: 92% [95% CI: 88, 95] versus 66% [95% CI: 55, 76]). However, 
for PLs >2 cm but ≤3 cm, the diagnostic yield using the BR approach was improved to 81% (95% 
CI: 75, 85).44, level II-2



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

19

The combination of r-EBUS and navigation provides higher diagnostic yield than each method 
alone as previously reported 33, 35-36; thus, the addition of UTB with navigation devices and r-EBUS 
seems to be promising. Oki M et al. (2015) performed a randomised multicentre controlled 
study to evaluate the diagnostic ability of bronchoscopic biopsy with a 3.0-mm UTB directed 
by an r-EBUS, VBN, and fluoroscopy (UTB group). They used the bronchoscopic technique with a 
conventional 4.0-mm thin bronchoscope (TB), r-EBUS-GS, VBN, and fluoroscopy as a reference 
arm (TB-GS group). A total of 310 patients with suspected PPLs ≤30 mm were enrolled; 150 
in the UTB group and 155 in the TB-GS group were finally analysed. The study demonstrated 
that the histologic diagnostic yield in the UTB group and TB-GS group were 74% (111/150) and 
59% (92/155) (p=0.007), respectively. When divided based on the final histologic diagnosis, the 
diagnostic yields of the UTB method and the TB-GS method were 81% and 70% (p=0.040) in 
malignant lesions and 42% and 36% (p=0.622) in benign lesions, respectively. Comparison of 
both groups revealed that the UTB method provided a higher diagnostic yield for lesions located 
within the outer third elliptical lung region (p=0.002) and lesions with bronchus sign (p=0.001) 
than the TB-GS method. However, there was no significant difference in the visibility on r-EBUS 
(p=0.080). The UTB could reach more distal bronchi than the TB (median, 5th-generation bronchi 
versus 4th-generation bronchi; p<0.001).45, level II-1

6.1.5	 Bronchoscopic transparenchymal nodule access (BTPNA)

The BTPNA technology was developed with the intention of overcoming the constraint of 
guidance technologies that depend on the need to have an airway leading into the lesion. A pilot 
study in a human population by Herth F et al. (2015) reported the feasibility and safety of the 
BTPNA procedure. Twelve patients with a SPN detected on CT imaging suspicious for lung cancer 
and suitable for surgical resection were enrolled. A tunnel tract was created from the point of 
entry (POE) to the nodule using a set of catheter-based tools under fused fluoroscopy guidance. 
The patients proceeded to surgical resection immediately after the biopsy. The procedure was 
successfully completed in 10 patients (83%), and a positive biopsy was successfully obtained in 
all 10 cases in which a tunnel was successfully created from the POE to the SPN. The histological 
findings from the biopsies obtained by BTPNA correlated with the final pathology in all the 
surgically resected nodules.46, level II-2

Another prospective single arm interventional study by Harzheim D et al. (2016) evaluated the 
feasibility and safety of the BTPNA procedure among six patients with a SPN detected on CT 
imaging, which was suspicious for malignancy in a standard endoscopy suite. This is the first 
evaluation of the technique being performed outside an operation theatre, followed by a clinical 
observation of at least 72 hours. A positive biopsy was obtained in all five cases (83%) in which the 
BTPNA procedure could be successfully completed. Adequate histological sampling sufficient 
for a histological diagnosis was successfully attained in five patients. The biopsies obtained by 
BTPNA correlated with the final pathology in all four surgically resected nodules.47, level II-2
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6.1.6	 Electromagnetic transthoracic needle aspiration (ETTNA) 

Recently, ETTNA procedure which can be combined with navigation bronchoscopy and EBUS in 
a single setting has become available. This approach may provide a much needed intervention 
allowing physicians to utilize a multimodality approach in a single procedural setting to optimize 
diagnostic yield and limit complications. A study of a different system is limited to a single report 
in 2016 by Yarmus L et al. In this first human pilot prospective single arm study, they evaluated the 
safety, feasibility, and diagnostic yield of ETTNA, ENB, and r-EBUS in a single procedural setting. 
Twenty-four patients undergoing lymph node sampling for lung cancer staging were enrolled. 
An additional diagnostic yield analysis was performed using a cohort analysis of combined 
interventions (r-EBUS + ENB + ETTNA). A total of 24 r-EBUS and ENB procedure were performed, 
and ETTNA was feasible in 96% of cases (23/24). The diagnostic yield for ETTNA alone was 83% 
and increased to 87% when ETTNA was combined with ENB (p=0.0016). When ETTNA and ENB 
were performed with r-EBUS for complete staging, the diagnostic yield increased further to 92% 
(p=0.0001). Additional larger studies will be needed to further evaluate this ETTNA system.29, level 

II-2

6.1.7	 Robotic bronchoscopy

Two bronchoscopic robotic systems have been reported: Robotic Endoscopy System (RES, Auris 
Health Inc., CA) and The Intuitive Robotic Bronchoscope System (Intuitive Surgical, Sunnyvale, 
CA). In clinical studies, the RES was first reported by Rojas-Solano JR et al. (2018) among 15 
patients with suspicious central lesion or bronchus-sign positive peripheral nodules. All 
procedures were performed in an operating room under general intravenous anaesthesia. This 
feasibility study showed that the RES performed without malfunctions in 14 of 15 (93%) cases. 
The lesions (12 peripheral and three central) were located in the right lower lobe (33%), right 
upper lobe (27%), left upper lobe (27%), and left lower lobe (13%). Cancer was confirmed in 60% 
(9/15) of patients whereas benign features were found in five out of six (83%) patients.48, level III

A recent study on the RES system was reported by Chaddha U et al. in 2019. They retrospectively 
reviewed medical records of consecutive patients who were considered to require a guided 
bronchoscopy (ENB, VB with or without r-EBUS) and underwent RES to diagnose lung lesions 
at four centres in the United States (academic and community). One hundred and sixty-seven 
lesions in 165 patients were included in the analysis, with an average follow-up of 185 ± 55 days. 
The average size of targeted lesions was 25.0 ± 15.0 mm and 71% were located in the peripheral 
third of the lung. In this case series, tissue samples were successfully obtained in 161 (97.6%) 
patients with overall diagnostic yield ranged from 69.1% to 77.0%. The yield was 81.5%, 71.7%, 
and 26.9% for concentric, eccentric and absent r-EBUS views, respectively (p<0.001). Diagnostic 
yield was also higher for lesions with a bronchus sign (78.3% versus 54.1%; p=0.001) but not 
effected by lesion size, density, lobar location or centrality.49, level III

In the first-in-human study for a new shape-sensing Intuitive Robotic Bronchoscope System, 
Fielding D et al. (2019) evaluated its safety and feasibility to bronchoscopically approach and 
facilitate the sampling of small PPLs of 1–3 cm. The study included 29 subjects with a mean 
lesion size of 12.2 ± 4.2 mm, 12.3 ± 3.3 mm, and 11.7 ± 4.1 mm in the axial, coronal, and sagittal 
planes, respectively. Similarly, procedures were performed under general anaesthetic and 
endotracheal intubation. In 28 of 29 cases (96.6%), the target was reached and tissue sample 
was obtained. Early performance trends through the six month follow-up demonstrated an 
overall diagnostic yield of 79.3% (95% CI: 60.3, 92.0%), with a diagnostic yield for malignancy 
(sensitivity) trending towards 88.2% (95% CI: 63.6, 98.5%) and specificity trending towards 63.6% 
(95% CI: 30.8, 89.1%).50, level III
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6.1.8	 Transbronchial cryobiopsy

There is interest in the potential role of cryobiopsy for peripheral nodules, not only to allow 
increased tissue sample size, but also to potentially allow sampling of lesions adjacent to a 
bronchus because of a deeper effect across the bronchus wall to include some adjacent tissue. 
The majority of published literature describes case series of PPLs biopsied with cryobiopsy. 
Schuhmann M et al. first reported a method for this in 2014, using a 1.2 mm cryoprobe with 1.7 mm 
outer sheath. They assessed the safety, feasibility and efficacy of the cryoprobe in 39 consecutive 
patients with a solid pulmonary lesion of ≤40 mm. After identifying the lung lesion by r-EBUS, 
patients were randomised to receive either the forceps or the cryobiopsies first according to a 
randomisation list. One patient was excluded due to visible endobronchial tumour. The remaining 
38 patients had a lung lesion of 29.7 ± 7.3 mm, of which 31 were malignant and seven were benign. 
The overall diagnostic yield including lesions not biopsied as they unable to detect by r-EBUS 
was 60.5% (23 out of 38 patients) whereas in the lesions reached by r-EBUS, it was 74.2% (23 out 
of 31 patients). In 19 cases, both techniques established a diagnosis. Additionally, four cases that 
were non-diagnostic with forceps biopsy were successfully diagnosed with cryobiopsy resulting 
in a diagnostic yield of 61.3% (19 out of 31) for forceps and 74.2% (23 out of 31) for cryobiopsy, 
respectively (p=0.42). The size of the samples obtained with the cryoprobe were significantly 
larger than those acquired with conventional forceps (11.17 mm2 versus 4.69 mm2; p<0.001).51, level III

 
The study by Taton O et al. (2018) used transbronchial lung cryobiopsy (TBLC) in order to obtain as 
large as possible tissue samples and compared the diagnostic yield with standard transbronchial 
biopsy (TBB) among 32 patients with pulmonary nodules <2 cm. Both methods were guided with 
fluoroscopy, r-EBUS, and ENB in order to accurately reach the target nodules. Pathological 
analysis of the surgical specimen and CT follow-up were considered as the independent 
methods of reference for establishing the final diagnosis. Among the 29 patients in whom both 
TBLC and TBB could be obtained, their overall diagnostic yield was 69% (20/29) and 38% (11/29), 
respectively (p=0.017). The sensitivity and specificity of TBLC for the diagnosis of a malignant 
nodule were 61% and 100%, respectively, whereas 35% and 100% for TBB (p=0.008 and p>0.999, 
respectively). As compared to TBB, TBLC provides larger tissue samples (mean diameters 5.3 ± 
0.7 mm versus 1.1 ± 0.6 mm; p<0.001).52, level III

Most recently, a retrospective single centre local study by Kho SS et al. (2019) evaluated the 
performance and safety of transbronchial cryobiopsy versus forceps biopsy in eccentrically and 
adjacently orientated r-EBUS lesions over 17 months at Respiratory Care Unit, Sarawak General 
Hospital. During the study period, a total of 114 r-EBUS scans were included for analysis. Forceps 
biopsy was performed in 76 (66.7%) cases and cryobiopsy in 38 (33.3%) cases; 65 out of 114 (57%) 
of the lesions demonstrated eccentric and adjacent orientations to the r-EBUS, with only 43% 
(49/114) in concentric orientations. This study indicated that orientation remained an important 
factor affecting diagnostic yield. Overall diagnostic yield was 67.5% (77 out of 114) while the 
yields for concentrically (n=49), eccentrically (n=47) and adjacently (n=18) orientated lesions 
were 79.6%, 63.8% and 44.4%, respectively. For concentric lesions, cryobiopsy did not increase 
the diagnostic yield significantly compared to the forceps biopsy group (85.7% versus 77.1%; 
p=0.501). However, cryobiopsy significantly increased the diagnostic yield in eccentrically and 
adjacently orientated lesions to 75.0% (18 out of 24), compared to 48.8% (20 out of 41) obtained 
via forceps biopsy (p<0.05).53, level III

Summary of studies related to diagnostic accuracy for each technology are shown in Table 1.
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6.2	 SAFETY OF GUIDED BRONCHOSCOPY BIOPSY TECHNIQUES:

6.2.1	 Navigation bronchoscopy: virtual bronchoscopy navigation (VBN)

No deaths were related to the VBN device or associated tools. In an RCT by Ishida T et al. 
(2011), there was no severe or moderate AEs associated with bronchoscopy except for mild 
pneumothorax that did not require chest drainage in a patient from the NVBNA group.33, level I 
In another trial by Asano F et al. (2013), the incidence of complications (pneumothorax not 
requiring drainage, haemorrhage, xylocaine intoxication, pneumonia, and transient bradycardia) 
did not differ between the two groups (p=0.500), and no severe AEs were observed in either 
group.34, level I Recently, Bo L et al. (2019) found that the two major complications (pneumothorax 
and haemorrhage) did not vary among the groups (NGB, r-EBUS-GS, and VBN + r-EBUS-GS), and 
no severe AEs occurred. Every case that developed a pneumothorax after surgery was admitted 
for inpatient observation, and all recovered following treatment. Regarding haemorrhage, 
the bleeding stopped following treatment and none of the patients required therapeutic 
intervention.35, level I Xu C et al. (2019) also reported that the incidence of complications did not 
differ between the two groups in a small randomised study to compare a combination of VBN 
and r-EBUS guided bronchoscopy with r-EBUS alone among 115 patients with SPN. One case 
in VBN + r-EBUS group was complicated with pneumothorax (compressed 15%), and was 
healed after five days of oxygen inhalation. In the r-EBUS group, there was haemorrhage in one 
case, with the bleeding amount about 20 ml, and stopped after local injection of thrombin and 
epinephrine.36, level II-1

6.2.2	 Navigation bronchoscopy: electromagnetic navigation bronchoscopy (ENB)

In a 2014 meta-analysis by Gex et al., ENB caused 32 pneumothoraxes out of 1,033 procedures (a 
proportion of 3.1%, 95% CI: 2.1, 4.3). Half of those required chest tube drainage (1.6%, 95% CI: 1.0, 2.6) 
and nine cases of minor self-limited bleeding (0.9%, 95% CI: 0.4, 1.6) were reported.37, level II-2 Zhang 
W et al. (2015) updated the previous meta-analysis by Gex G et al. and found 40 pneumothoraces in 
681 procedures (5.8%), in which two cases were induced using transbronchial biopsy, otherwise, 
none pneumothorax was ENB procedure-related. In addition, minor or moderate bleeding was 
reported in seven cases and two of post-procedure respiratory failure were recorded; none of 
them requiring specific treatment.38, level II-2 The pneumothorax risk (grade 2 or higher) in NAVIGATE 
trial was low (4.3% overall and 2.9% requiring admission or chest tube placement) and was not 
increased in subjects with chronic obstructive pulmonary disease (COPD) or poor pulmonary 
function.39, level II-2 No deaths were reported in any studies.

  
6.2.3	 Radial probe or radial endobronchial ultrasound (r-EBUS)

Steinfort DP et al. (2011) reported in their meta-analysis (involving 1,090 patients from 14 
studies) that the only major complication was pneumothorax, which is very rare (pooled rate of 
1.0%) with only 0.4% requiring chest tube placement. Self-limited minor bleeding was reported 
in few cases and no intervention was required.40, level II-2 In the largest meta-analysis performed 
to date by Ali MS et al. (2017), overall complication rate of 2.8% from 54 studies with a total of 
7,872 lesions were reported. Most r-EBUS complications included self-limited bleeds and small 
pneumothoraces which required no further intervention. Rate of chest tube insertion was 0.2%.41, 

level II-2 Recent trial by Wang W et al. (2018) revealed the incidence of complications in CT-PNB 
group were higher than those in r-EBUS group (p=0.002). The overall incidence of pneumothorax 
and haemorrhage was 17.5% (14/80) and 7.5% (6/80), respectively in CT-PNB group whereas in 
r-EBUS group were 1.3% (1/80) and 5.0% (4/80), respectively.42, level II-1 No deaths were related to 
r-EBUS procedure.
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6.2.4	 Multimodality-guided bronchoscopy

In a meta-analysis assessing the overall performance of guided-bronchoscopy in the evaluation 
of peripheral nodules, Wang Memoli JS et al. (2012) reported overall adverse event rate of 1.5% 
with the majority reporting pneumothorax. Only one third (0.6%) of which required chest tube 
placement. The incidence of respiratory failure requiring intubation was 0.1%, and there were no 
deaths or significant bleeding reported.43, level II-2 Most of the studies included in the meta-analysis 
by Han Y et al. (2018) reported complications associated with the procedure. In the r-EBUS + VBN 
group, pneumothorax occurred in 2.3% while chest tube insertion and haemoptysis occurred 
in less than 1.0%. In contrast, the rate of complications in the CT-TNB group was quite high. 
The pooled complication rate for pneumothorax was 26.0% (95% CI: 21.0, 32.0) and among these 
cases, the pool incidence rate of severe pneumothorax requiring chest tube insertion was 3.0% 
(95% CI: 1.8, 4.8). Pulmonary haemorrhage and haemoptysis were reported with pooled incidence 
rate of 16.0% (95% CI: 10.0, 25.0) and 7.1% (95% CI: 6.0, 8.4).44, level II-2 Regarding UTB with multimodal 
device for PPLs (under r-EBUS, VBN, and fluoroscopic guidance), Oki M et al. (2015) found no 
significant difference in complication rate between UTB group and TB-GS group (p=0.595). The 
incidence of pneumothorax, bleeding, chest pain, and pneumonia has been reported to be 3.0% 
and 5.0% in the respective groups.45, level II-1

6.2.5	 Bronchoscopic transparenchymal nodule access (BTPNA)

This first in human trial of BTPNA procedure by Herth F et al. (2015) for sampling SPNs has 
demonstrated that it is a safe approach with no significant AEs observed at the time of the 
procedure or in the follow-up period. There was no evidence of significant immediate bleeding 
or pneumothoraces, which were the primary safety concerns for this approach. The only AE 
observed was a transient rise in troponin levels in one patient post-BTPNA and surgical resection. 
Clinical follow-up at 6-month did not discover any unanticipated AEs.46, level II-2 Similarly, Harzheim 
D et al. (2016) found no evidence of pneumothoraces or  significant immediate bleeding during 
the procedure. However, a chest x-ray, performed 2-hour after the procedure, revealed two 
patients who had developed a pneumothorax. One subject was managed with the insertion of 
an intercostal drain while in the other subject, the pneumothorax was small and did not need 
any further intervention. There were no other complications within the 72-hour hospitalization 
following the BTPNA procedure.47, level II-2

6.2.6	 Electromagnetic transthoracic needle aspiration (ETTNA)

A pilot study by Yarmus L et al. (2016) using navigational systems and/or r-EBUS 
to perform ETTNA resulted with an acceptable safety profile. No bleeding, haemoptysis or 
respiratory events were encountered. There were five (5/24, 21%) pneumothoraces of which only 
two (2/24, 8%) subjects required chest tube placement. None of the chest tube placements 
were emergent. In the five cases with a pneumothorax, four (4/5, 80%) had a diagnosis from the 
procedure (ETTNA sample alone).29, level II-2
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6.2.7	 Robotic bronchoscopy

The robotic bronchoscopy performed with the RES appears to be safe as reported by Rojas-
Solano JR et al. (2018). The absent of serious AEs (pneumothorax or significant bleeding requiring 
intervention) while three minor unrelated complications that resolved within 6-hour such as 
fever sensation, anaesthesia-related nausea, and back pain are encouraging.48, level III A recent 
study by Chaddha U et al. (2019) on the RES system revealed that pneumothorax occurred in six 
(3.6%) cases, requiring chest tube placement in four (2.4%). Significant bleeding post-biopsies 
was reported in four (2.4%) cases. There was no need for blood transfusion, open thoracotomy 
or use of endobronchial blockers in any case. There were also no reports of respiratory failure, 
deaths or any other procedure-related complications.49, level III Fielding D et al. (2019) conducted the 
first-in-human study for a new shape-sensing Intuitive Robotic Bronchoscope System. During 
this study, there were no instances of pneumothorax or bleeding requiring intervention observed 
and no airway injury was reported. No instances of unexpected bleeding, which included any 
type of bleeding that required prolonged or continuous suction were reported. Regarding 
procedure-related complications, two subjects experienced adverse reaction to anaesthesia 
and contralateral pneumonia.50, level III

6.2.8	 Transbronchial cryobiopsy

Schuhmann M et al. first reported a method for this with the guidance of r-EBUS in 2014 and no 
severe complications were observed during the study. There was one case of moderate bleeding 
at the end of all six biopsies that required no further procedures other than prolonged suction 
with the bronchoscope. No pneumothorax was detected on chest radiography.51, level III In another 
study comparing TBLC with standard TBB, AEs consisted in 15 mild or moderate bleeding 
(grade 1 and 2) while pneumothorax needing pleural drainage for three days was observed in 
one patient. No other AE was observed and no mortality was recorded.52, level III The local study by 
Kho SS et al. (2019) showed that only one pneumothorax occurred in the forceps biopsy group 
whereas none in the cryobiopsy group; hence, the overall pneumothorax rate was 0.8% (1/114) 
in the current cohort. Mild and moderate bleeding complications were more common in the 
cryobiopsy group compared to forceps biopsy group (47.4% versus 7.9%; p<0.001). However, most 
bleeding episodes in cryobiopsy were mild (39.5%), requiring only suction with local adrenaline 
instillation; while moderate bleeding occurred in three (7.9%) patients. There was no occurrence 
of severe life-threatening bleeding event.53, level III

Summary of studies related to safety for each technology are shown in Table 2.
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6.3	 ORGANISATIONAL

Though most articles have focused on accuracy, the procedure time or duration of navigational 
bronchoscopy is another clinically relevant outcome of interest. This is because an early 
diagnosis could result in a faster treatment impacting long-term survival and reduce treatment 
cost as well.

6.3.1	 Navigation bronchoscopy: virtual bronchoscopy navigation (VBN)

	 The duration of the examination and time elapsed until the start of sample collection were 
significantly shorter in the VBNA compared with the NVBNA group as mentioned by Ishida T et 
al. (2011) (median [range]: 24.0 minutes [8.7-47.0] versus 26.2 minutes [11.6-58.6]; p=0.016) and 8.1 
minutes (2.8-39.2) versus 9.8 minutes (2.3-42.3; p=0.045, respectively).33, level I Asano F et al. (2013) 
reported total bronchoscopic examination and total fluoroscopy time did not differ  between 
the groups. However, the interval to starting the specimen collection and the duration of x-ray 
fluoroscopy before the sample collection were significantly shorter in the VBNA group than in 
the NVBNA group (median [range]: 6.4 minutes [2.4-24.0] versus 6.8 minutes [2.5-27.8]; p=0.021, 
and 1.2 minutes [0.2-11.5] versus 2.2 minutes [0.1-10.1]; p<0.001, respectively).34, level I Another RCT 
by Bo L et al. (2019) found the required time to reach the biopsy position was significantly less 
in the combined group, r-EBUS-GS + VBN (7.96 ± 1.18 minutes) when compared with r-EBUS-GS 
alone (11.92 ± 5.37 minutes; p<0.01). However, the bronchoscope operation time was the same 
in the r-EBUS-GS and combined groups.35, level I Recent study by Xu C et al. (2019) also revealed 
that the total examination time was not significantly different between VBN + r-EBUS and 
r-EBUS groups (20.59 ± 2.12 minutes versus 21.53 ± 1.62 minutes, p=0.236). However, the time 
for positioning lesions in VBN + r-EBUS group was less than that in r-EBUS group (5.67 ± 2.48 
minutes versus 8.65 ± 2.23 minutes; p=0.015).36, level II-2

6.3.2	 Navigation bronchoscopy: electromagnetic navigation bronchoscopy (ENB)

A meta-analysis by Grex G et al. (2014) indicated that the mean duration of the entire ENB 
procedure ranged from 25.7 to 70.0 minutes with a median of 46.0 minutes.37, level II-2 NAVIGATE 
trial reported the median total procedure time (bronchoscope in to bronchoscope out) was 
52.0 (35.0-71.0) minutes, which included 25.0 (14.0-40.0) minutes of ENB-specific navigation and 
sampling time (first entry to last exit of the locatable guide or extended working channel).39, level II-2 

6.3.3	 Multimodality-guided bronchoscopy

Oki M et al. (2015) indicated that although the use of UTB during navigational endosonographic 
bronchoscopy improved the diagnostic yield as compared to the TB-GS method, no significant 
difference in procedural time were observed (median 27.5 minutes in UTB group and 28.5 minutes 
in TB-GS group; p=0.101).45, level II-1 

6.3.4	 Bronchoscopic transparenchymal nodule access (BTPNA)

In this early report with BTPNA, Herth F et al. (2015) recorded a mean procedure time of 39.8 
minutes, with the planning stage accounting for 18.0 minutes (range 10.0–30.0 minutes), and nodule 
access time (creation of the tunnelled pathway) was 21.8 minutes (range 12.0–40.0 minutes). A 
learning curve was demonstrated with the first four, second four, and third four tunnel creation 
times averaging 35.0, 21.5, and 13.3 minutes, respectively. Hence, after only eight procedures, the 
procedure time of BTPNA is comparable to either transthoracic CT-guided biopsy or standard 
TBB. The fluoroscopy time was 5.5 minutes (range 1.8–11.6 minutes).46, level II-2 Harzheim D et al. 
(2016) reported mean procedure planning time of 14.4 minutes and with a nodule access time 
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averaging 18.8 minutes, the procedure could be carried out three minutes faster than previous 
study 46, which implies a learning curve. The fluoroscopy time was 3.7 minutes (range 1.8–7.5 
minutes).47, level II-2

6.3.5	 Electromagnetic transthoracic needle aspiration (ETTNA)

Using navigational systems and/or r-EBUS to perform ETTNA, total procedural time as defined 
by the time the EBUS bronchoscope was inserted into the oropharynx until the time the ETTNA 
needle was removed was 72.5 minutes. Yarmus L et al. (2016) also revealed that the additional 
time to perform the ETTNA (18.3 minutes) was shorter than either r-EBUS (20.5 minutes) or ENB 
(22.9 minutes) and more importantly, the additional procedure time was not associated with any 
anaesthesia related complications.29, level II-2

6.3.6	 Robotic bronchoscopy
	
	 The robotic bronchoscopy performed with the RES resulted in quick recover of direct visualization 

while advancing and articulating the bronchoscope as mentioned in study by Rojas-Solano JR et 
al. (2018). The total median time to biopsy location was 21.0 (7.0 to 84.0) minutes and the median 
time to biopsy location reduced from 45.0 (21.0 to 84.0) minutes in first five cases to 20.0 (7.0 to 
47.0) minutes in last nine cases; p=0.039). All patients were discharged within six hours following 
the procedure.48, level III A recent study on the RES system by Chaddha U et al. (2019) revealed that 
the average navigation and procedure time were 17.8 ± 19.1 minutes and 58.6 ± 31.4 minutes, 
respectively.49, level III

 	 Fielding D et al. (2019) conducted the first-in-human study for a new shape-sensing Intuitive 
Robotic Bronchoscope System and found that the procedure time was 63.9 ± 24.4 minutes. 
Mean procedure time of the first and last five cases was approximately 95.0 and 61.0 minutes, 
respectively. Most subjects (25/26, 86.2%) were discharged the same day with a mean length of 
stay of 5.2 ± 0.6 hours.50, level III 

 
6.3.7	 Transbronchial cryobiopsy

	 Schuhmann M et al. first reported a method for this with the guidance of r-EBUS in 2014. All 
31 positive patients received three transbronchial forceps biopsies and three transbronchial 
cryobiopsies according to the study protocol. The study showed that the duration or average 
time required of the cryobiopsies was significantly longer in comparison with forceps biopsy 
(11.6 ± 4.4 minutes versus 5.1 ± 2.75 minutes; p<0.0001). The longer time was due to the need 
to remove the GS for each biopsy, requiring repeat localisation of the lesion with r-EBUS prior 
to repeat sampling. A prolonged procedure time may be acceptable in order to obtain larger 
samples.51, level III Kho SS et al. (2019) also performed cryobiopsy for PPL under r-EBUS guidance 
in 114 patients. Overall median procedure time was 45.0 (35.8–60.0) minutes, with cryobiopsy 
recording a significantly longer duration at 50.0 (45.0-60.0) minutes compared to 40.5 (35.0-51.5) 
minutes in forceps biopsy (p<0.01).53, level III

	
Summary of studies related to organizational issues for each technology are shown in Table 3. 



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

31
Ta

bl
e 

3:
 O

rg
an

iz
at

io
na

l i
ss

ue
s 

of
 g

ui
de

d 
br

on
ch

os
co

py
 b

io
ps

y 
te

ch
ni

qu
e 

re
po

rt
ed

 b
y 

th
e 

in
cl

ud
ed

 s
tu

di
es

S
tu

dy
D

es
ig

n
Te

ch
no

lo
gy

 o
f 

in
te

re
st

C
om

pa
ra

to
r

To
ta

l p
ro

ce
du

re
/ 

ex
am

in
at

io
n/

 o
pe

ra
ti

on
/ 

br
on

ch
os

co
pi

c 
ti

m
e 

(m
in

)

In
it

ia
l s

am
pl

in
g/

 in
te

rv
al

 t
o 

st
ar

ti
ng

 
sa

m
pl

e 
co

ll
ec

ti
on

/ 
bi

op
sy

 in
it

ia
l t

im
e/

 
ti

m
e 

of
 a

rr
iv

al
 a

t 
th

e 
no

du
le

/ 
ti

m
e 

fo
r 

po
si

ti
on

in
g 

le
si

on
/ 

ti
m

e 
to

 b
io

ps
y 

lo
ca

ti
on

/ 
no

du
le

 a
cc

es
s 

ti
m

e/
 t

im
e 

re
qu

ir
e 

fo
r 

bi
op

sy
/ 

cr
ea

ti
on

 o
f 

th
e 

tu
nn

el
le

d 
pa

th
w

ay
/ 

na
vi

ga
ti

on
 t

im
e 

(m
in

)

To
ta

l 
fl

uo
ro

sc
op

y 
ti

m
e 

(m
in

)
Tr

ai
ni

ng
/ 

le
ar

ni
ng

 c
ur

ve
 

(m
in

)

H
os

pi
ta

l 
di

sc
ha

rg
e/

 
le

ng
th

 o
f 

st
ay

 

M
ed

ia
n 

(r
an

ge
)

M
ea

n 
± 

S
D

P
la

nn
in

g 
st

ag
e 

(r
an

ge
)

M
ed

ia
n 

(r
an

ge
)

M
ea

n 
± 

S
D

M
ed

ia
n 

(r
an

ge
)

Is
hi

da
 T

 2
01

1
R

C
T

VB
N

 +
 r

-E
B

U
S

no
n-

VB
N

 +
 

r-
E

B
U

S

-2
4.

0 
(8

.7
-4

7.
0)

 
vs

 
26

.2
 (1

1.6
-5

8.
6)

-
-

8.
1 

(2
.8

-3
9.

2)
vs

9.
8 

(2
.3

-4
2.

3)
-

9.
7 

(1
.5

-2
2.

7)
 

vs
 

11
.0

 (1
.3

-3
1.0

)
-

-

A
sa

no
 F

 
20

13
R

C
T

VB
N

 +
 U

TB
no

n-
VB

N
 +

 
U

TB

 2
1.1

 (8
.9

-4
5.

1)
vs

20
.8

 (6
.3

-7
2.

4)
-

-
-

-
6.

9 
(1

.3
-2

2.
7)

vs
6.

9 
(1

.2
-2

0.
8)

-
-

B
o 

L 
20

19
R

C
T

N
G

B

B
et

w
ee

n 
in

te
rv

en
ti

on

-
18

.4
0 

± 
5.

19
-

-
N

A
-

-
-

r-
E

B
U

S
-G

S
-

29
.0

6 
± 

6.
40

-
-

11
.9

2 
± 

5.
37

-
-

-

VB
N

 +
 r

-E
B

U
S

-
G

S
-

28
.3

4 
± 

5.
65

-
-

7.
96

 ±
 1

.18
-

-
-

X
u 

C
 2

01
9

R
C

T
VB

N
 +

 r
-E

B
U

S
r-

E
B

U
S

-
20

.5
9 

± 
2.

12
 

vs
21

.5
3 

± 
1.6

2
-

-
5.

67
 ±

 2
.4

8
vs

8.
65

 ±
 2

.2
3

-
-

-

G
ex

 G
 2

01
4

S
R

 &
 

M
A

E
N

B
-

46
.0

 (2
5.

7-
70

.0
)

-
-

-
-

-
-

-

N
A

VI
G

AT
E

 
20

19
In

tv
E

N
B

-
52

.0
 (3

5.
0-

71
.0

)
-

5.
0

 (4
.0

-9
.0

)
-

-
-

-
-

O
ki

 M
 2

01
5

R
C

T
U

TB
TB

-G
S

27
.5

 (1
2.

0-
77

.0
)

vs
28

.5
 (1

5.
0-

81
.0

)
-

-
-

-
-

-
-

H
er

th
 F

 
20

15
In

tv
B

TP
N

A
-

-
39

.8
18

.0
 (1

0.
0-

30
.0

)
-

21
.8

 (1
2.

0-
40

.0
)

5.
5

 (1
.8

-1
1.6

)

Tu
nn

el
 c

re
at

io
n 

ti
m

es
:

1s
t 

fo
ur

: 3
5.

0
2n

d 
fo

ur
: 2

1.5
3r

d 
fo

ur
: 1

3.
3

-

H
ar

zh
ei

m
 D

 
20

16
In

tv
B

TP
N

A
-

-
-

14
.4

 (8
.0

-
20

.0
)

-
18

.8
 (8

.0
-2

5.
0)

3.
7 

(1
.8

–7
.5

)
-

-



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

32

S
tu

dy
D

es
ig

n
Te

ch
no

lo
gy

 o
f 

in
te

re
st

C
om

pa
ra

to
r

To
ta

l p
ro

ce
du

re
/ 

ex
am

in
at

io
n/

 o
pe

ra
ti

on
/ 

br
on

ch
os

co
pi

c 
ti

m
e 

(m
in

)

In
it

ia
l s

am
pl

in
g/

 in
te

rv
al

 t
o 

st
ar

ti
ng

 
sa

m
pl

e 
co

ll
ec

ti
on

/ 
bi

op
sy

 in
it

ia
l t

im
e/

 
ti

m
e 

of
 a

rr
iv

al
 a

t 
th

e 
no

du
le

/ 
ti

m
e 

fo
r 

po
si

ti
on

in
g 

le
si

on
/ 

ti
m

e 
to

 b
io

ps
y 

lo
ca

ti
on

/ 
no

du
le

 a
cc

es
s 

ti
m

e/
 t

im
e 

re
qu

ir
e 

fo
r 

bi
op

sy
/ 

cr
ea

ti
on

 o
f 

th
e 

tu
nn

el
le

d 
pa

th
w

ay
/ 

na
vi

ga
ti

on
 t

im
e 

(m
in

)

To
ta

l 
fl

uo
ro

sc
op

y 
ti

m
e 

(m
in

)
Tr

ai
ni

ng
/ 

le
ar

ni
ng

 c
ur

ve
 

(m
in

)

H
os

pi
ta

l 
di

sc
ha

rg
e/

 
le

ng
th

 o
f 

st
ay

 

M
ed

ia
n 

(r
an

ge
)

M
ea

n 
± 

S
D

P
la

nn
in

g 
st

ag
e 

(r
an

ge
)

M
ed

ia
n 

(r
an

ge
)

M
ea

n 
± 

S
D

M
ed

ia
n 

(r
an

ge
)

Ya
rm

us
 L

 
20

16
In

tv

E
TT

N
A

B
et

w
ee

n 
in

te
rv

en
ti

on

-
-

-
-

-
-

-

E
TT

N
A

 +
 E

N
B

-
72

.5
-

-
-

-
-

-

E
TT

N
A

 +
 E

N
B

 +
 

r-
E

B
U

S
-

-
-

-
-

-
-

R
oj

as
-

S
ol

an
o 

JR
 

20
18

C
as

e 
se

ri
es

R
ob

ot
ic

 
br

on
ch

os
co

py
-

-
-

-
21

.0
 (7

.0
-8

4.
0)

-
-

Ti
m

e 
to

 
bi

op
sy

 
lo

ca
ti

on
:

1s
t 

5 
ca

se
s:

 4
5.

0
La

st
 

9 
ca

se
s:

 
20

.0
 

S
am

e 
da

y;
 

6.
0 

ho
ur

s

C
ha

dd
ha

 U
 

20
19

C
as

e 
se

ri
es

R
ob

ot
ic

 
br

on
ch

os
co

py
-

-
58

.6
 ±

 3
1.4

-
-

17
.8

 ±
 1

9.
1

-
-

-

Fi
el

di
ng

 D
 

20
19

C
as

e 
se

ri
es

R
ob

ot
ic

 
br

on
ch

os
co

py
-

-
63

.9
 ±

 2
4.

4
-

-
-

11
.0

 (2
.0

-
22

.0
)

M
ea

n 
pr

oc
ed

ur
e 

ti
m

e:
1s

t 
5 

ca
se

s:
 9

5.
0

La
st

 5
 c

as
es

: 
61

.0

S
am

e 
da

y;
 

5.
2 

± 
0.

6 
ho

ur
s

S
ch

uh
m

an
n 

M
 2

01
4

C
as

e 
se

ri
es

Tr
an

sb
ro

nc
hi

al
 

cr
yo

bi
op

sy
Fo

rc
ep

 b
io

ps
y

-
-

-
-

11
.6

 ±
 4

.4
vs

5.
1 

± 
2.

75
-

-
- 

K
ho

 S
S

 2
01

9
C

as
e 

se
ri

es
Tr

an
sb

ro
nc

hi
al

 
cr

yo
bi

op
sy

Fo
rc

ep
 b

io
ps

y
50

.0
 (4

5.
0-

60
.0

) 
vs

40
.5

 (3
5.

0-
51

.5
)

-
-

-
-

-
-

-

S
P

N
s,

 s
ol

it
ar

y 
pu

lm
on

ar
y 

no
du

le
s;

 R
C

T,
 r

an
do

m
is

ed
 c

on
tr

ol
le

d 
tr

ia
l; 

S
R

 &
 M

A
, s

ys
te

m
at

ic
 r

ev
ie

w
 &

 m
et

a-
an

al
ys

is
; I

nt
v,

 p
re

-p
os

t 
in

te
rv

en
ti

on
 s

tu
dy

; V
B

N
, v

ir
tu

al
 b

ro
nc

ho
sc

op
y 

na
vi

ga
ti

on
; 

r-
E

B
U

S
, r

ad
ia

l p
ro

be
 o

r r
ad

ia
l e

nd
ob

ro
nc

hi
al

 u
lt

ra
so

un
d;

 U
TB

, u
lt

ra
th

in
 b

ro
nc

ho
sc

op
y;

 N
G

B
, n

on
-g

ui
de

d 
br

on
ch

os
co

py
 b

io
ps

y;
 G

S
, g

ui
de

 s
he

at
h;

 E
N

B
, e

le
ct

ro
m

ag
ne

ti
c 

na
vi

ga
ti

on
 b

ro
nc

ho
sc

op
y;

 
C

T-
P

N
B

, C
T-

gu
id

ed
 p

er
cu

ta
ne

ou
s 

ne
ed

le
 b

io
ps

y;
 C

T-
TN

B
, C

T-
gu

id
ed

 t
ra

ns
th

or
ac

ic
 n

ee
dl

e 
bi

op
sy

; T
B

, t
hi

n 
br

on
ch

os
co

pe
; B

TP
N

A
, b

ro
nc

ho
sc

op
ic

 t
ra

ns
pa

re
nc

hy
m

al
 n

od
ul

e 
ac

ce
ss

; E
TT

N
A

, 
el

ec
tr

om
ag

ne
ti

c 
tr

an
st

ho
ra

ci
c 

ne
ed

le
 a

sp
ir

at
io

n;
 M

in
, m

in
ut

es
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 N

A
, n

ot
 a

pp
lic

ab
le

D
at

a 
ar

e 
pr

es
en

te
d 

as
 m

ed
ia

n 
(r

an
ge

) o
r 

m
ea

n 
± 

S
D

 



DIAGNOSTIC APPROCHES TO
SOLITARY PULMONARY NODULE  (SPN)

MALAYSIAN HEALTH TECHNOLOGY ASSESSMENT SECTION (MaHTAS)
MEDICAL DEVELOPMENT DIVISION MINISTRY OF HEALTH

33

S
tu

dy
D

es
ig

n
Te

ch
no

lo
gy

 o
f 

in
te

re
st

C
om

pa
ra

to
r

To
ta

l p
ro

ce
du

re
/ 

ex
am

in
at

io
n/

 o
pe

ra
ti

on
/ 

br
on

ch
os

co
pi

c 
ti

m
e 

(m
in

)

In
it

ia
l s

am
pl

in
g/

 in
te

rv
al

 t
o 

st
ar

ti
ng

 
sa

m
pl

e 
co

ll
ec

ti
on

/ 
bi

op
sy

 in
it

ia
l t

im
e/

 
ti

m
e 

of
 a

rr
iv

al
 a

t 
th

e 
no

du
le

/ 
ti

m
e 

fo
r 

po
si

ti
on

in
g 

le
si

on
/ 

ti
m

e 
to

 b
io

ps
y 

lo
ca

ti
on

/ 
no

du
le

 a
cc

es
s 

ti
m

e/
 t

im
e 

re
qu

ir
e 

fo
r 

bi
op

sy
/ 

cr
ea

ti
on

 o
f 

th
e 

tu
nn

el
le

d 
pa

th
w

ay
/ 

na
vi

ga
ti

on
 t

im
e 

(m
in

)

To
ta

l 
fl

uo
ro

sc
op

y 
ti

m
e 

(m
in

)
Tr

ai
ni

ng
/ 

le
ar

ni
ng

 c
ur

ve
 

(m
in

)

H
os

pi
ta

l 
di

sc
ha

rg
e/

 
le

ng
th

 o
f 

st
ay

 

M
ed

ia
n 

(r
an

ge
)

M
ea

n 
± 

S
D

P
la

nn
in

g 
st

ag
e 

(r
an

ge
)

M
ed

ia
n 

(r
an

ge
)

M
ea

n 
± 

S
D

M
ed

ia
n 

(r
an

ge
)

Ya
rm

us
 L

 
20

16
In

tv

E
TT

N
A

B
et

w
ee

n 
in

te
rv

en
ti

on

-
-

-
-

-
-

-

E
TT

N
A

 +
 E

N
B

-
72

.5
-

-
-

-
-

-

E
TT

N
A

 +
 E

N
B

 +
 

r-
E

B
U

S
-

-
-

-
-

-
-

R
oj

as
-

S
ol

an
o 

JR
 

20
18

C
as

e 
se

ri
es

R
ob

ot
ic

 
br

on
ch

os
co

py
-

-
-

-
21

.0
 (7

.0
-8

4.
0)

-
-

Ti
m

e 
to

 
bi

op
sy

 
lo

ca
ti

on
:

1s
t 

5 
ca

se
s:

 4
5.

0
La

st
 

9 
ca

se
s:

 
20

.0
 

S
am

e 
da

y;
 

6.
0 

ho
ur

s

C
ha

dd
ha

 U
 

20
19

C
as

e 
se

ri
es

R
ob

ot
ic

 
br

on
ch

os
co

py
-

-
58

.6
 ±

 3
1.4

-
-

17
.8

 ±
 1

9.
1

-
-

-

Fi
el

di
ng

 D
 

20
19

C
as

e 
se

ri
es

R
ob

ot
ic

 
br

on
ch

os
co

py
-

-
63

.9
 ±

 2
4.

4
-

-
-

11
.0

 (2
.0

-
22

.0
)

M
ea

n 
pr

oc
ed

ur
e 

ti
m

e:
1s

t 
5 

ca
se

s:
 9

5.
0

La
st

 5
 c

as
es

: 
61

.0

S
am

e 
da

y;
 

5.
2 

± 
0.

6 
ho

ur
s

S
ch

uh
m

an
n 

M
 2

01
4

C
as

e 
se

ri
es

Tr
an

sb
ro

nc
hi

al
 

cr
yo

bi
op

sy
Fo

rc
ep

 b
io

ps
y

-
-

-
-

11
.6

 ±
 4

.4
vs

5.
1 

± 
2.

75
-

-
- 

K
ho

 S
S

 2
01

9
C

as
e 

se
ri

es
Tr

an
sb

ro
nc

hi
al

 
cr

yo
bi

op
sy

Fo
rc

ep
 b

io
ps

y
50

.0
 (4

5.
0-

60
.0

) 
vs

40
.5

 (3
5.

0-
51

.5
)

-
-

-
-

-
-

-

S
P

N
s,

 s
ol

it
ar

y 
pu

lm
on

ar
y 

no
du

le
s;

 R
C

T,
 r

an
do

m
is

ed
 c

on
tr

ol
le

d 
tr

ia
l; 

S
R

 &
 M

A
, s

ys
te

m
at

ic
 r

ev
ie

w
 &

 m
et

a-
an

al
ys

is
; I

nt
v,

 p
re

-p
os

t 
in

te
rv

en
ti

on
 s

tu
dy

; V
B

N
, v

ir
tu

al
 b

ro
nc

ho
sc

op
y 

na
vi

ga
ti

on
; 

r-
E

B
U

S
, r

ad
ia

l p
ro

be
 o

r r
ad

ia
l e

nd
ob

ro
nc

hi
al

 u
lt

ra
so

un
d;

 U
TB

, u
lt

ra
th

in
 b

ro
nc

ho
sc

op
y;

 N
G

B
, n

on
-g

ui
de

d 
br

on
ch

os
co

py
 b

io
ps

y;
 G

S
, g

ui
de

 s
he

at
h;

 E
N

B
, e

le
ct

ro
m

ag
ne

ti
c 

na
vi

ga
ti

on
 b

ro
nc

ho
sc

op
y;

 
C

T-
P

N
B

, C
T-

gu
id

ed
 p

er
cu

ta
ne

ou
s 

ne
ed

le
 b

io
ps

y;
 C

T-
TN

B
, C

T-
gu

id
ed

 t
ra

ns
th

or
ac

ic
 n

ee
dl

e 
bi

op
sy

; T
B

, t
hi

n 
br

on
ch

os
co

pe
; B

TP
N

A
, b

ro
nc

ho
sc

op
ic

 t
ra

ns
pa

re
nc

hy
m

al
 n

od
ul

e 
ac

ce
ss

; E
TT

N
A

, 
el

ec
tr

om
ag

ne
ti

c 
tr

an
st

ho
ra

ci
c 

ne
ed

le
 a

sp
ir

at
io

n;
 M

in
, m

in
ut

es
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 N

A
, n

ot
 a

pp
lic

ab
le

D
at

a 
ar

e 
pr

es
en

te
d 

as
 m

ed
ia

n 
(r

an
ge

) o
r 

m
ea

n 
± 

S
D

 

6.4	 ECONOMIC IMPLICATION

	 Selection of the optimal procedure for minimally invasive diagnosis of PPLs may be based 
on clinical factors; however, selection of diagnostic strategy may also be influenced by cost. 
Economic evaluation of navigational bronchoscopy with biopsy has been very limited and to 
date, three cost-analysis have been undertaken:

6.4.1	 Electromagnetic navigation bronchoscopy (ENB) with biopsy versus CT-guided biopsy

	 Dale CR et al. (2012) presented a cost consequence model and a decision tree analysis with 
values from the literature to evaluate the clinical consequences and societal costs of an ENB 
biopsy strategy versus CT-guided biopsy strategy for the diagnosis of a SPN. The serial use of ENB 
after non-diagnostic CT-guided biopsy and CT-guided biopsy after non-diagnostic ENB biopsy 
were tested as alternate strategies. In a hypothetical cohort of 100 patients, the base case was 
65 year-old with a >40 pack-year smoking history with a 2 cm SPN. The costs were obtained from 
the literature, the American Medical Association and private coding websites and are national 
Medicare reimbursement rates expressed in 2011 USD. The inflation rate was estimated at 3%. 
One-way sensitivity analysis were plotted on a tornado diagram. All analyses were carried out in 
TreeAge Pro 2011. Results from the base case analysis and the alternate serial testing scenarios 
are both shown in Table 4 below:

	 Table 4: Estimates based on a Monte Carlo simulation of costs and consequences of ENB with biopsy 
versus CT-guided biopsies of a SPN
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	 In the base case scenario, the ENB with biopsy strategy was associated with a 20% increased 

rate of VATS surgery compared with the CT-guided biopsy strategy. The ENB biopsy strategy, 
however, was associated with fewer complications. For every 100 ENB procedures, 13.4 fewer 
pneumothoraces were produced and 5.9 fewer chest tubes were placed compared to CT-guided 
biopsy. Additionally, 0.9 fewer haemorrhages and 0.6 fewer cases of respiratory failure occurred. 
The sequential diagnostic strategy that combines CT-guided biopsy after non-diagnostic ENB 
biopsy and vice-versa decreases the rate of VATS procedures to 3%. As expected, the rate of 
other complications increases in both arms with a sequential approach. For example, the rate 
of pneumothorax in the ENB-first arm increases by 4.5 per 100 patients to 6.1 from 1.6 per 100 
patients. The costs were greater in the ENB biopsy strategy. In the base case scenario, the ENB 
with biopsy strategy was on average USD$3,719 per patient more expensive than the CT-guided 
biopsy strategy. Mean costs per biopsy were USD$6,633 (95% CI: USD$1,518, USD$18,511) versus 
USD$2,913 (95% CI: USD$1,248, USD$18,241) in the ENB and CT-guided arms, respectively. Costs 
are decreased in both arms in the serial biopsy strategy. The average cost of the ENB biopsy 
strategy falls to USD$2,406 (95% CI: USD$1,518, USD$19,759) from USD$6,633 (95% CI: USD$1,518, 
USD$18,511), a savings of USD$4,227 or 64%. Similarly, the average cost of the CT-guided biopsy 
strategy decreases by USD$978 or 34% to USD$1,934 (95% CI: USD$1,248, USD$19,759) from 
USD$2,913 (95% CI: USD$1,248, USD$18,241). Based on the tornado diagram of the univariate 
sensitivity analyses, the main cost driver was the sensitivity of the CT-guided biopsy followed by 
the cost of VATS, highlighting its direct role in overall costs.54

6.4.2	 Radial probe EBUS guided transbronchial lung biopsy (r-EBUS-TBLB) versus CT-
percutaneous needle biopsy (CT-PNB)

	 Steinfort DP et al. (2013) undertook a cost-benefit and cost-utility analysis between r-EBUS-
TBLB and CT-PNB for management of PPLs by applying a decision-tree analysis using TreeAge 
Pro 2009 software. The modelled population comprised hypothetical patients referred to 
a multidisciplinary team for evaluation of PPL at the Royal Melbourne Hospital. Unit cost 
estimates, in Australian dollars (AU$), were based on recorded hospital costs (direct and indirect) 
and were updated to 2010/2011 levels according to the locally recorded Health Price Index, which 
reported an increase of 3% per year. Sensitivity analysis and probabilistic sensitivity analysis 
were undertaken to identify the more cost-beneficial approach for varying input parameter 
values. Cost-utility analysis on the other hand was performed to examine the effect of disutility 
(according to the wait-trade-off technique) resulting from two potential adverse outcomes: a 
procedural complication (pneumothorax or hospital admission) and a non-diagnostic procedure 
(anxiety related to waiting for test results). Cost-utility outcomes are expressed in cost per 
quality adjusted life year (QALY). For the base-case analysis, the costs of r-EBUS-TBLB and CT-
PNB to evaluate PPL appear to be equivalent. Initial evaluation with CT-PNB was cost-beneficial 
in comparison to r-EBUS-TBLB by a margin of AU$24 (CT-PNB AU$2,724 versus r-EBUS-TBLB 
AU$2,748). Sensitivity analyses revealed that cost of managing complications was the factor 
that most influenced cost-benefit results. A higher cost of complications favoured r-EBUS-
TBLB in cost comparisons, due to the lower complication rate associated with this procedure: 
r-EBUS-TBLB became more cost-beneficial if cost of complications exceeding AU$501 per 
episode, a complication rate of CT-PNB exceeding 40%, and sensitivity of CT-PNB for detection 
of malignancy falling below 91%. In the cost-utility analysis, CT-PNB remained the more cost-
effective approach (AU$2,778 per QALY versus r-EBUS-TBLB AU$2,816 per QALY) at base-case 
parameters. However, sensitivity analyses demonstrated that r-EBUS-TBLB became the more 
cost-effective approach if the cost of complications exceeded AU$489, the complication rate 
for CT-PNB exceeded 40%, and if the sensitivity of r-EBUS-TBLB for detection of benign disease 
exceeded 65%.55 
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6.4.3	 Navigation bronchoscopy (NB) compared with computed tomography fine needle 

aspiration (CT-FNA), 18F-fluoro-deoxyglucose positron emission tomography (FDG-PET), 
and video-assisted thoracoscopic surgery (VATS)	

	
	 Using a decision analysis model (TreeAge Pro 2013 software), Deppen S et al. (2014) studied the 

costs and outcomes of four initial diagnostic strategies for diagnosis of pulmonary nodule with 
either a 50% or 65% pre-test probability (prevalence) of cancer. Compared strategies included 
NB, CT-FNA, FDG-PET, and VATS. The base case is a 60 year old male with a 15 pack year smoking 
history, no prior history of lung cancer, and a 1.5 cm to 2.0 cm nodule in an upper lobe incidentally 
observed on a CT scan. Medicare hospital reimbursable rate for the indicated inpatients 
procedure using a base year of 2011 were used for societal costs. Quality adjusted life years 
were estimated using patient survival based on pathologic staging and utilities derived from 
the literature. Sensitivity analyses were performed to assess changes in cost-effectiveness of 
modeled strategies and to identify potential thresholds where the preferred treatment option 
would change. Incremental cost-effectiveness ratio (ICER) was used to compare the cost-
effectiveness of different treatments and indicates the additional cost required to gain one 
additional QALY. Based on the model, when cancer prevalence was 65%, tissue acquisition 
strategies of NB and CT-FNA had higher QALYs compared to either FDG-PET or VATS. The FDG-
PET had the lowest expected cost for diagnosing patients whereas diagnosis by VATS had 
both higher expected cost and a lower effectiveness. The other two biopsy strategies provided 
higher QALYs at a lower cost than VATS biopsy (Table 5; ICER per QALY: NB=USD$4,602; CT-
FNA=USD$3,998; VATS=USD$43,578). Navigation bronchoscopy, CT-FNA, and FDG-PET had similar 
cost-effectiveness when cancer prevalence was 50%. In sensitivity analysis of individual model 
components, CT-FNA or NB were the preferred diagnostic strategies (more cost-effective) when 
FDG-PET sensitivity was fixed at 87% and the specificity fell below 72%. When the sensitivity of 
FDG-PET was greater than 94% and specificity was fixed at 77%, then FDG-PET was less costly 
than tissue biopsy or surgery and similarly effective. In two-way sensitivity analysis, FDG-PET 
remained the least costly diagnostic strategy across all combinations of sensitivity between 
80% and 100% and specificity between 60% and 90%. The authors concluded that NB and CT-
FNA diagnostic strategies were more cost-effective than VATS biopsy or FDG-PET strategies in 
the work up of a 1.5 cm to 2.0 cm nodule in populations with lung cancer prevalence greater than 
50%. The FDG-PET scan for diagnosis of lung cancer may not be cost-effective in regions of the 
country where specificity is low.56

Table 5: Results of Decision Tree Analysis
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7.0	 DISCUSSION

	 Although our review was designed to compare the overall diagnostic performance of different 
guided bronchoscopy biopsy techniques, r-EBUS is the most common reported technique 
being used, considering its role as an adjunctive imaging tool and can be used together with 
conventional bronchoscopy as well as with navigational tools (virtual or electromagnetic) 
to facilitate tissue biopsy of SPN. Other techniques including UTB, BTPNA, ETTNA, robotic 
bronchoscopy, and cryobiopsy are rarely used and their role remains largely investigational. 

	 Overall, findings indicated a wide variation in diagnostic accuracy among studies, which may be 
due to the differences in the variability in the location of lesions targeted, which affects biopsy 
method; and the many options for obtaining a biopsy specimen, which have varying yields and 
risks. A diagnostic yield at 70.6% for r-EBUS showed promising results with a pooled sensitivity 
and specificity of 73% and 100%, respectively. When used in combination with VBN or UTB, the 
yield increased to 83.6% and 74.0%, respectively. When combined with ENB, diagnostic yield 
ranged from 60.0% to 94.0% with sensitivity of 82.0% and specificity of 100%. The DOR value 
of 97.36 and AUC was higher to 0.98 suggesting an overall high diagnostic accuracy by ENB-
guided diagnosis in PPLs. However, r-EBUS alone or combined with VBN or UTB had lower 
diagnostic yield as compared to CT-guided percutaneous needle biopsy (CT-PNB; 86.1%) or 
CT-guided transthoracic needle biopsy (CT-TNB; 96.0%).  The reason is that the guidance of 
CT scanning could make clear whether puncture needle had entered into SPN lesion before 
biopsy, whereas r-EBUS’s guidance can hardly perform such real-time supervision. Apart from 
that, BTPNA procedure of SPNs was feasible with 83% successful rate. Although promising, 
additional studies documenting superior outcomes and higher yield are required before these 
techniques ready for prime time. The diagnostic yield for ETTNA alone was 83% and increased to 
87% when ETTNA was combined with ENB. When ETTNA and ENB were performed with r-EBUS 
for complete staging, the yield increased further to 92%. The biopsies obtained by both BTPNA 
and ETTNA were correlated with the final pathology. Navigation success was also achieved with 
those using robotic bronchoscopy which demonstrated an overall diagnostic yield between 
69.1% and 93.0%, with a diagnostic yield for malignancy (sensitivity) trending towards 88.2%. 
Cryobiopsy on the other hand significantly increased the diagnostic yield between 69.0% and 
74.2% as compared to conventional forceps or standard TBB, with sensitivity and specificity of 
61% and 100%, respectively. The size of the tissue samples obtained with the cryoprobe were 
significantly larger than those acquired with conventional forceps or standard TBB. 

	 Several factors were shown to impact the diagnostic performance of guided bronchoscopy 
biopsy techniques: size of nodule or lesion, its nature (malignant versus benign), presence of a 
bronchus sign on CT scan, location of the lesions, and position of the r-EBUS probe with regards 
to the lesion. At a 2-cm cut-off, the diagnostic yield was higher for larger lesions. The yield was 
also higher for malignant than benign lesion, which is consistent with the prior reports. This 
might be because malignant lesions grow faster and tend to be larger at the time of diagnosis, 
although most studies did not report sizes separately for benign and malignant lesions. When 
a bronchus leads straight into a lesion (positive bronchus sign), the diagnostic yield is higher 
than if the bronchus is adjacent or at a distance away from the nearest bronchus. The addition of 
UTB to either VBN or r-EBUS had significantly increases the diagnostic yield when nodules are 
located in the peripheral one third of the lung or in the right upper lobe. However, we are unable to 
comment on the effect of location on diagnostic yield because so few studies reported the yield 
in relation to the lobar location of the nodule. Not to mention, the distance from the SPN lesion 
to pleura was a significant predictor of r-EBUS visualization yield; the longer the distance the 
higher positive diagnostic rate could be obtained. The possible reason may be that the shorter 
the distance to pleura was, the SPN is nearer to the peripheral distal bronchus. Therefore, when 
the biopsy forceps were sent forward under the guidance of r-EBUS, the tip of forcep often could 
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hardly fully open the narrowed lumen, so that invalid sampling and poor diagnostic yield might 
be resulted in.  Finally, position of the r-EBUS probe within the lesion was associated with a 
significantly higher diagnostic yield as compared with the lesions where the r-EBUS probe was 
adjacent but not exactly in the lesion. However, these factors were not observed to influence the 
diagnostic yield in CT-guided biopsy.

 
	 The biggest advantage of guided bronchoscopic biopsy techniques compared to percutaneous 

CT-guided biopsy or computerized-assisted TTNA is its superior safety profile. The spectrum 
of AEs associated with guided bronchoscopic biopsy techniques are generally well-tolerated 
with reported complication rates ranging from 0.0% to 5.0%. There was no severe or moderate 
AEs except for two main complications - pneumothorax and haemorrhage. Less frequent 
complications include bleeding and respiratory failure. Anyhow, robotic bronchoscopy was a 
safe approach with no evidence of significant immediate bleeding and pneumothoraces. Mild 
and moderate bleeding were more common in the cryobiopsy compared to forceps biopsy or 
standard TBB. Most of AEs reported could be resolved by standard care and no deaths were 
related to the procedure, device or associated tools.

	 Total procedure or operation time varied widely based on the guided bronchoscopic biopsy 
techniques, ranging from 21.0 to 24.0 minutes (median) in the VBN and 46.0 to 52.0 minutes for 
ENB. Compared to ENB, VBN has the significant advantages of not requiring specific training 
because the technique is similar to conventional bronchoscopy and not needing a sensor or 
a specific biopsy instrument other than the system. In any case, ETTNA seemed to have the 
longest procedure time of 72.5 minutes as compared to BTPNA (39.8 minutes), while it was 
between 58.6 and 63.9 minutes for those obtained using robotic bronchoscopy. Cryobiopsy 
recorded a significantly longer duration at 50.0 minutes compared to 40.5 minutes in forceps 
biopsy. Regarding time to biopsy location or nodule access time, it was shorter in the VBN (5.67 to 
7.96 minutes) as compared to BTPNA (18.8 to 21.8 minutes), robotic bronchoscopy (17.8 minutes), 
and cryobiopsy (11.6 minutes). All patients were discharged within one day following the robotic 
bronchoscopy procedure with a mean length of stay ranged from five to six hours. As for learning 
curve, procedure time (tunnel creation times) of BTPNA is comparable to either transthoracic 
CT-guided biopsy or standard TBB after only eight procedures. Robotic bronchoscopy when 
performed with the RES reduced the median time to biopsy location from 45.0 minutes in first 
five cases to 20.0 minutes in last nine cases. Meanwhile, the mean procedure time of the first 
and last five cases using Intuitive Robotic Bronchoscope System was approximately 95.0 and 
61.0 minutes, respectively.

	 There were three studies on cost-analysis retrieved. The first revealed that an ENB with biopsy 
strategy is associated with decreased pneumothorax rate but increased costs and increased 
use of VATS. Combining CT-guided biopsy and ENB with biopsy serially, however, can decrease 
costs and complications. Second study reported the costs of r-EBUS-TBLB and CT-PNB to 
evaluate PPL appear to be equivalent, but specific clinical radiologic factors known to influence 
procedural outcomes will influence cost-benefit outcomes. Finally, the third study indicated 
that NB and CT-FNA diagnostic strategies were more cost-effective than VATS biopsy or FDG-
PET in populations with lung cancer prevalence greater than 50%.

	 In keeping with our purpose for this review, two different HTA reports were identified and both 
assessing r-EBUS. For other guided-bronchoscopy biopsy techniques, no HTA were retrieved. In 
summary, our review are in line with the Canadian Agency for Drugs and Technologies in Health 
(CADTH) 57 report and previous HTA report by MaHTAS in 2008.58 Over and above, two clinical 
practice guidelines (The American College of Chest Physicians 2013 9, 59 and British Thoracic 
Society Guidelines 2015 60) were consistent with our findings, particularly regarding the use and 
indications of r-EBUS and ENB for the evaluation and staging of pulmonary nodules and lung 
cancer. 
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	 Limitations 

	 We acknowledge some limitations in our review and these should be considered when 
interpreting the results. Although there was no restriction in language during the search, only 
the full text articles in English published in peer-reviewed journals were included in the report, 
which may have excluded some relevant articles and further limited our study numbers. One of 
the important limitations was the methodological quality of the included studies, particularly in 
terms of heterogeneity and risk of bias. Most individual studies of diagnostic accuracy from the 
meta-analysis reported in this review were considered to be of either poor or moderate quality, 
as determined by the low overall QUADAS scores. This could be because of the differences in 
the baseline characteristics of the study participants, differences in the inclusion and exclusion 
criteria, disparity in the sampling or procedural techniques, assessment of outcomes, variation 
in expertise of the physicians, and the geographic locations in which the studies were conducted. 
As a consequence, random effects model was applied to account for the between-study 
variance. In addition, the number of subjects in most study was small thereby decreasing the 
power of the studies to detect a meaningful difference. Since most of the studies were follow-
up between three to 12 months, more trials with longer follow-up period are needed. On the other 
hand, different economic analyses do not reach a consistent conclusion due to the variability 
in their assumptions and the scenario considered. This include a lack of primary patient-level 
data and a reliance on literature values that might not be generalize to all patient populations. 
Besides, cost are given as Medicare costs and might not generalize to other countries, nor do 
they represent the cost to individual patients or health care systems.

8.0	 CONCLUSION

	The availability of evidence differs between guided bronchoscopy biopsy techniques, and most 
was related to the use of r-EBUS.  There was fair to good level of retrievable evidence to suggest 
that the combined use of navigation bronchoscopy (virtual or electromagnetic) with r-EBUS 
improves overall test performance characteristics beyond either technique alone but lower 
than percutaneous CT-guided biopsy or computerized-assisted TTNA; typically varying with 
lesion size, location, and equipment used as well as other factors including the presence of 
a bronchus sign, biopsy technique, and institution expertise or learning curve of the operator. 
The major strength of guided bronchoscopic biopsy techniques is clearly its safety profile, 
especially regarding the risk of procedure-related pneumothorax and haemorrhage, which is 
about 10 times lower than conventional bronchoscopy or CT-guided biopsy. Given the existing 
evidence, cost of managing complications was the main factor that influenced cost-analysis 
results. For this reason, guided bronchoscopy biopsy techniques was found to be cost-effective 
when a sequential diagnostic strategy that combines CT-guided biopsy and ENB were applied, 
whereas r-EBUS and CT-PNB differ in cost by negligible amounts. When cancer prevalence was 
high, tissue acquisition of NB and CT-FNA was the most cost-effective strategies.  

9.0	 RECOMMENDATION

Based on the above review, guided bronchoscopy techniques mainly using a combination of 
VBN or ENB with r-EBUS are an appropriate biopsy approaches to SPN and may be used for 
management of patients with lung cancer in selected centres in MOH hospitals, provided local 
expertise is available. Although other techniques appears promising and has the potential to be 
considered as valuable option, they are rarely used and their role remains largely investigational 
while cost implication should also be considered. Refinement of selection criteria for the 
respective techniques may have a significant impact on the results for the patient and close 
cooperation between bronchoscopists, pulmonologists, and radiologist is an essential step in 
achieving this aim. 
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11.0	 APPENDICIES
			    

			   Appendix 1

HIERARCHY OF EVIDENCE FOR EFFECTIVENESS STUDIES

DESIGNATION OF LEVELS OF EVIDENCE

I	 Evidence obtained from at least one properly designed randomized controlled trial.

II-I	 Evidence obtained from well-designed controlled trials without 	 randomization.

II-2 	 Evidence obtained from well-designed cohort or case-control analytic studies, preferably 
from more than one centre or research group.

II-3  	 Evidence obtained from multiple time series with or without the intervention.  Dramatic 
results in uncontrolled experiments (such as the results of the introduction of penicillin 
treatment in the 1940s) could also be regarded as this type of evidence.

III	 Opinions or respected authorities, based on clinical experience; descriptive studies and 
case reports; or reports of expert committees.

 

SOURCE:	 US/CANADIAN PREVENTIVE SERVICES TASK FORCE (Harris 2001)
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Appendix 2

                                                                                                                                                                    PTK-Bor-11                                          

HEALTH TECHNOLOGY ASSESSMENT (HTA) PROTOCOL
DIAGNOSTIC APPROACHES TO SOLITARY PULMONARY NODULE (SPN)

1.0	 BACKGROUND INFORMATION

Worldwide, lung cancer is the most common malignancy and continues to be the leading cause of 
cancer- related deaths in the past few decades. In 2018, a total of 2.1 million new cases were estimated, 
contributing about 11.6% of the total cancer incidence burden.1-2 According to the most recent data by 
Malaysia National Cancer Registry (MNCR) for the incidence year of 2012-2016, lung cancer was the 
third (9.8%) most common cancer in the country, the second (14.9%) most common cancer in males, 
and the fifth (5.6%) most common in females.3 Despite advances in diagnostic approaches, staging and 
treatment, and also the fact that early-detected lung cancer is curable in patients with good performance 
status, the overall 5-year survival for lung cancer has not significantly changed and is estimated to be 
around 17.8%. Lack of early detection and accurate localization of lesion for tissue acquisition remains 
one of the biggest challenges in lung cancer management.4

A solitary pulmonary nodule or coin lesion has been defined on imaging as a round or oval opacity < 3 
cm in diameter that is completely surrounded by pulmonary parenchyma and does not touch the hilum 
or mediastinum. In contrast, peripheral pulmonary nodules/ lesions (PPLs; also known as peripheral 
lung lesions, PLLs) with a diameter > 3 cm are classified as pulmonary masses and differ from SPN. 
The prevalence of malignancy in SPNs depends on the clinical setting, ranging from 2.0% to 86.0% for 
incidentally discovered nodules both on chest radiography (CXR) and computed tomography (CT) and 
from 1.1% to 12.0% for those that are screen detected.5-10

The major question that follows detection of a pulmonary nodule is a diagnostic dilemma faced by 
many clinicians. The differential diagnosis may be broad, but implications rest on whether the lesion is 
benign or malignant. A recently published multicentre National Lung Screening Trial (NLST) has shown 
the benefit of early detection in a selected high-risk cohort of patients (current and former smokers). 
The trial revealed that screening with low-dose CT scan results in a relative reduction of 20% cancer-
specific mortality; however, 96.4% of nodules detected are false positive and 90.4% of those required 
further diagnostic investigations.11 Similarly, among 12,029 nodules found in a large Canadian study, only 
144 (1.1%) were malignant.12 Therefore, the management of a SPN should aim to identify malignancy as 
fast as possible in order to provide the option of potentially curative surgical treatment, whilst avoiding 
invasive diagnostic procedures in case of benign lesions.9, 13-14 

Choosing the most appropriate biopsy technique for suspected peripheral nodule, however, can be 
a challenging clinical risk–benefit decision and factors such as tumour size, location, patient co-
morbidities including emphysematous changes around the lesion, respiratory function, and the pre-test 
probability of malignancy must be taken into account. Although routine flexible bronchoscopy has been 
a conventional method to evaluate peripheral lung nodule, it is of limited diagnostic value 15 in locating 
and acquiring the required tissue with the diagnostic yield ranging from 20% to 84%.16-18 Success is 
further compromised if the lesion is < 2 cm, due to the inability to go beyond the subsegmental level 
and to steer endobronchial accessories directly into the lesion.18 Similarly, while percutaneous CT-
guided biopsy or computerized-assisted transthoracic needle aspiration biopsy (TNAB) are currently the 
favoured diagnostic procedure, it was associated with complications (pneumothorax and haemorrhage) 
and are highly operator-dependent. Other methods such as video-assisted thoracoscopic surgery (VATS) 
and open surgical biopsy are invasive, require general anaesthesia and are therefore not a first-line 
approach for patients with lung nodules suspicious for cancer.19 
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In order to achieve better results in the management algorithm of SPN, several innovative navigation 
methods that offer guidance through the tracheobronchial tree during bronchoscopy to help reach and 
biopsy the SPN have recently been developed. The result has been the development of a platform broadly 
defined as image-guided bronchoscopy techniques. It is not a single technology but comprising of several 
technologies including virtual bronchoscopy (VB), navigation bronchoscopy (virtual or electromagnet), 
and complementary technologies such as radial probe endobronchial ultrasound (r-EBUS), ultrathin 
bronchoscopy (UB), bronchoscopic transparenchymal nodule access (BTNA), and electromagnetic 
transthoracic needle aspiration (ETNA). The now commercially available robotic bronchoscopy platform 
has the potential to overcome the limitations of individual techniques.20-22

Technical Description: 

1.1	 Virtual bronchoscopy (VB)

Virtual bronchoscopy is a non-invasive form of bronchoscopy. It is not an endoscopic procedure, but 
rather an imaging modality that uses non-contrast-enhanced CT images to reconstruct the airways in a 
three-dimensional (3-D) manner producing images that appear similar to those visualized during real-
time bronchoscopy. While VB itself cannot acquire samples, it can be used to preplan future procedures 
or as a navigational tool for biopsy.19, 23 
 

1.2	 Navigation bronchoscopy

Navigation bronchoscopy uses a navigational system to guide instruments (flexible or ultrathin 
bronchoscope) through the airways to a target lesion for biopsy. Navigational systems can be virtual 
(virtual bronchoscopy navigation, VBN; also known as virtual navigation bronchoscopy, VNB) or 
electromagnetic (electromagnetic navigation bronchoscopy, ENB): 19,23

1.2.1	 Virtual bronchoscopy navigation (VBN)

Virtual bronchoscopy navigation is a technique that utilizes VB CT imaging to guide the bronchoscope 
to a peripheral target lesion in the lung. First, CT scan images are acquired with a specialized CT 
protocol and transferred to a computer workstation where specific software is used to create a virtual 
bronchoscopic pathway to the target lesion (planning phase). It is done usually on the same day or a few 
days ahead of the planned biopsy procedure. During the guidance phase, the acquired virtual images 
of the airway pathway are displayed and synchronized with real-time images from the bronchoscope 
or until the target lesion is reached. This allows the bronchoscope to be advanced branch-by-branch 
through the airway to the target lesion.19, 23

1.2.2	 Electromagnetic navigation bronchoscopy (ENB)

Electromagnetic navigation bronchoscopy is an exciting new bronchoscopic technique that incorporates 
VB imaging with an additional navigational tool, an electromagnetic field using technology similar to a 
car global positioning system unit (GPS). In the planning phase, CT scans of the patient’s chest are 
loaded into proprietary software that reconstructs the patient’s airways in multiple 3-D images. The 
physician utilizes these images to mark target locations and plan pathways to these target locations 
within the lungs. Using the planned pathway created in the planning phase and real-time guidance, the 
physician navigates the steerable sensor probe and extended working channel to the desired target 
location(s). Once at the desired location, the physician locks the extended working channel in place and 
the steerable sensor probe is removed. The extended working channel provides access to the target 
lesion for standard bronchoscopic tools or catheters.19, 24-25 
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1.3	 Radial probe or radial endobronchial ultrasound (r-EBUS)

Radial probe endobronchial ultrasound comprises a miniature (20 or 30 MHz) ultrasound probe that 
can fit through the working channel of a flexible bronchoscope to provide a 360 degree view of the lung 
parenchyma. Its small size allows it to extend distally into subsegmental bronchi so that PPLs can be 
visualized. The r-EBUS is itself not a navigational tool, rather, it is typically used as an adjunctive imaging 
tool to confirm that the lesion has been reached. It can be used with the following biopsy modalities: 23 
	  

§	 Standard flexible bronchoscopy with or without a designated guide sheath
§	Computed tomographic reconstruction with bronchoscopic fluoroscopy
§	Navigational techniques, most commonly ENB

1.4	 Ultrathin bronchoscopy (UB)

Ultrathin bronchoscopy are smaller variants of a flexible bronchoscope ranging in diameter from 
approximately 2.8 mm to 3.5 mm. Compared with a standard flexible bronchoscope, the smaller size of 
ultrathin bronchoscopes allows for better maneuverability and greater ability to reach much smaller 
airways beyond the typical reach of conventional bronchoscopes. Ultrathin bronchoscopy is not a form 
of image-guided bronchoscopy but it is usually combined with image guidance (e.g., CT VBN or r-EBUS) 
to reach PPLs for biopsy. In general, the use of UB is fairly uncommon since the working channels are 
small and thus can only accommodate smaller biopsy instruments.19, 23

1.5	 Bronchoscopic transparenchymal nodule access (BTNA)

One of the limitations of ENB is the challenge of accessing the nodules, which are eccentrically 
positioned and may not have the airway directly leading to them. To overcome this, BTNA has been 
recently developed whereby the nodules are accessed through a transparenchymal ‘‘off-road’’ approach 
that is not dependent on the need to have an airway leading into the lesion. A computer software-
generated tunneled path is created from the bronchial segments through the lung parenchyma directly 
to the PPLs.19

1.6	 Electromagnetic transthoracic needle aspiration (ETNA)

This technology incorporates a unique electromagnetic guidance system allowing clinicians to track 
SPN and target them for ETNA without utilizing real time CT in the operating room or bronchoscopy 
suite. Providing this capability allows the pulmonologist to perform initial lymph node staging with 
EBUS in the same procedural setting. This approach may provide a much needed intervention allowing 
physicians to utilize a multimodality approach in a single procedural setting to optimize diagnostic yield 
and limit complications.26

 

1.7	 Robotic bronchoscopy

Robotic bronchoscopy allows physicians to visualize and biopsy remote parts of the lung that were 
previously inaccessible. Physicians use a hand-held controller to very precisely navigate a small, flexible 
endoscope into the lung.  An endoscope is a hollow tube fitted with a camera-like lens and light source. 
The new robotic platform has an innovative telescoping endoscope attached to flexible robotic arms 
that allow greater dexterity, reach, vision, and control.27
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Integrated software combines traditional endoscopic views of the lung with computer-assisted 
navigation, all based on 3-D models of the patient’s own lung anatomy.  Physicians are able to visualize 
the lung continuously throughout the entire procedure. The consistency and reproducibility achieved far 
exceed traditional bronchoscopy, allowing rapid, accurate diagnosis. It is crucial to navigate the airways 
quickly and safely to get accurate answers.27

In Malaysia, some of those techniques are limited to centres with expertise and require specific 
training for their use. With so many tools available, there are still debates about which method to 
choose while cost is also an issue. Therefore, it is necessary to know what type of SPN needs which 
type of bronchoscopic approaches. This HTA report was prepared in connection to the request made 
by Senior Consultant Pulmonologist from Serdang Hospital to assess the overall diagnostic accuracy/ 
performance of minimally invasive image-guided bronchoscopy techniques for tissue biopsy of SPN in 
the management of lung cancer.

2.0	 POLICY QUESTION

What is the appropriate biopsy approaches to SPN in the management of lung cancer in Malaysia? 

3.0	 OBJECTIVES

The objective of this report is to assess the clinical and economic implications of image-guided 
bronchoscopy techniques for tissue biopsy of SPN in the management of lung cancer. 

The following research questions will be addressed:

3.1	 The diagnostic accuracy/ performance of using image-guided bronchoscopy techniques for     
tissue biopsy of SPN in the management of lung cancer. 

3.2	 The safety aspect, particularly its adverse events or complications.
3.3	 The cost-effectiveness and organisational aspects related to image-guided bronchoscopy 

techniques for tissue biopsy of SPN in the management of lung cancer.

4.0	 METHODS

4.1.	 Search Strategy

Electronic database will be searched for published literatures pertaining to image-guided bronchoscopy 
techniques for tissue biopsy of SPN in the management of lung cancer. 

4.1.1	 Databases as follows; MEDLINE, EMBASE, PubMed, EBM Reviews-Cochrane Database of 
Systematic Review, EBM-Reviews-Cochrane Central Register of Controlled Trials, EBM 
Reviews-Health Technology Assessment, EBM Reviews-NHS Economic Evaluation Database, 
Database of Abstracts of Reviews of Effects (DARE), Horizon Scanning, INAHTA Database, HTA 
database and FDA database will be searched.

4.1.2	 Additional literatures will be identified from the references of the retrieved articles.
4.1.3	 General search engine will be used to get additional web-based information if there is no 

retrievable evidence from the scientific databases.
4.1.4	 There will be no limitation applied in the search such as year and language.
4.1.5 	 The search strategy will be included in the appendix.
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4.2	 Inclusion and Exclusion Criteria

4.2.1	 Inclusion criteria

 a ) Population:

Patients with solitary pulmonary nodule (SPN) or coin lesion, patients with lung cancer or suspected 
lung cancer

b )Intervention:

Image-guided bronchoscopy techniques:
i.	 Virtual bronchoscopy (VB)

ii.	 Navigation bronchoscopy: virtual bronchoscopy navigation (VBN) and electromagnetic 
navigation bronchoscopy (ENB)

iii.	 Radial probe endobronchial ultrasound (r-EBUS) 
iv.	 Bronchoscopic transparenchymal nodule access (BTNA)
v.	 Electromagnetic transthoracic needle aspiration (ETNA)

vi.	 Robotic bronchoscopy

c ) Comparator:

i.	 Conventional bronchoscopy
ii.	 Percutaneous  CT-guided biopsy

iii.	 Video-assisted thorascopic surgery (VATS) and open surgical biopsy

d ) Outcome:

i.	 Diagnostic accuracy: diagnostic yield, detection rate, positive rate, sensitivity, specificity, 
predictive value (positive and negative), diagnostic odds ratio, receiver operator characteristic 
curve and area under the curve

ii.	 Safety: mortality, adverse events, complications
iii.	 Economic impacts: cost-effectiveness, cost-utility analysis
iv.	 Organisational issues: hospital utilisation (readmission, length of stay, general or local 

anaesthesia), procedural time points and training or learning curve 

e )  Study design:

HTA reports, systematic review with meta-analysis, systematic review, randomised controlled trial 
(RCT), diagnostic accuracy, case series, and economic evaluation studies

f )English full text articles
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4.2.2	 Exclusion criteria

a ) Study design:
Animal study, laboratory study, cohort, case-control, case report, narrative review

b ) Non English full text articles

Based on the above inclusion and exclusion criteria, study selection will be carried out independently by 
two reviewers. Disagreement will be resolved by discussion.

4.3	 Critical Appraisal of Literature 

The risk of bias of all retrieved literatures will be assessed using the relevant checklist of Critical 
Appraisal Skill Programme (CASP) and The Cochrane Collaboration’s tool for RCT.
 

4.4	 Analysis and Synthesis of Evidence 

4.4.1	 Data extraction strategy

	 The following data will be extracted:
i.	 Details of methods and study population characteristics

ii.	 Detail of intervention and comparators
iii.	 Details of individual outcomes specified 

Data will be extracted from selected studies by a reviewer using a pre-designed data extraction form 
and checked by another reviewer. Disagreements will be resolved by discussion. 

4.4.2	 Methods of data synthesis

Data on the accuracy, safety and cost-effectiveness associated with image-guided bronchoscopy 
techniques will be presented in tabulated format with narrative summaries. Meta-analysis may be 
conducted for this HTA. 
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                       Appendix 3

SEARCH STRATEGY:

Ovid MEDLINE® and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and 
Versions® <1946 to January 28, 2020>

1.	 SOLITARY PULMONARY NODULE/ (3930)
2.	 (Pulmonary coin adj2 lesion*).tw. (115)
3.	 (Solitary pulmonary adj2 nodule*).tw. (1555)
4.	 1 or 2 or 3 (4582)
5.	 BRONCHOSCOPY/ (24764)
6.	 (Bronchoscopic adj2 (surger* or surgical procedure*)).tw. (41)
7.	 Bronchoscop*.tw. (25575)
8.	 Virtual bronchoscopy.tw. (300)
9.	 IMAGING, THREE-DIMENSIONAL/ (69567)
10.	 ((3 d or 3-d) adj 2 imag*).tw. (0)
11.	 ((computer assisted three dimensional or computer-assisted three-dimensional) adj4 imag*).

tw. (11)
12.	 ((computer-generated or computer generated) adj3 imag*).tw. (365)
13.	 ((three dimensional or three-dimensional) adj2 imag*).tw. (10669)
14.	 Virtual bronchoscopy navigation.tw. (5)
15.	 Vbn.tw. (123)
16.	 Electromagnetic navigation bronchoscopy.tw. (118)
17.	 Enb.tw. (486)
18.	 ENDOSONOGRAPHY/ (12380)
19.	 ((echo or ultrasonic) adj1 endoscop*).tw. (278)
20.	 (Endoscopic adj1 ultrasonograph*).tw. (4116)
21.	 Echo-endoscop*.tw. (152)
22.	 Endosonograph*.tw. (2495)
23.	 IMAGE-GUIDED BIOPSY/ (3324)
24.	 ((image guided or image-guided) adj2 biops*).tw. (868)
25.	 Radial probe endobronchial ultrasound.tw. (55)
26.	 Radial probe Ebus.tw. (20)
27.	 Bronchoscopy Bronchoscopic transparenchymal nodule access.tw. (1)
28.	 BTPNA.tw. (8)
29.	 Electromagnetic Transthoracic Needle Aspiration.tw. (1)
30.	 EMTTNA.tw. (1)
31.	 BIOPSY, NEEDLE/ (48690)
32.	 ((aspiration or needle or puncture) adj1 biops*).tw. (26435)
33.	 ROBOTIC SURGICAL PROCEDURES/ (7107)
34.	 (Robotic surgical adj2 procedure*).tw. (54)
35.	 Robotic Endoscopy System.tw. (1)
36.	 Robotic bronchoscopy.tw. (4)
37.	 Ultrathin bronchoscopy.tw. (33)
38.	 Transbronchial cryobiopsy.tw. (94)
39.	 or/5-38 (199569)
40.	 Conventional bronchoscopy.tw. (119)
41.	 TOMOGRAPHY, X-RAY COMPUTED/ (372390)
42.	 CT X ray*.tw. (187)
43.	 Cine ct.tw. (160)
44.	 cine-ct.tw. (160)
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45.	 ((computed X ray or computed x ray or electron beam computed or electron beam) adj2 

tomography).tw. (1473)
46.	 tomodensitometry.tw. (636)
47.	 ((x-ray or X ray) adj3 (CAT scan* or ct scan* or computed tomography or computer assisted 

tomography or computerized axial tomography)).tw. (7284)
48.	 Percutaneous CT-guided biopsy.tw. (42)
49.	 THORACIC SURGERY, VIDEO-ASSISTED/ (6717)
50.	 VATs*.tw. (4786)
51.	 ((video assisted or video-assisted) adj3 (thoracic surger* or thoracoscopic surger*)).tw. (5790)
52.	 BIOPSY/ (171617)
53.	 Biops*.tw. (386297)
54.	 Open surgery biopsy.tw. (4)
55.	 or/40-54 (824305)
56.	 39 and 55 (75740)
57.	 4 and 56 (696)
58.	 limit 57 to (English language and humans) (561)

PubMed

#11	 Add	 Search ((((SOLITARY PULMONARY NODULE[MeSH Terms]) OR Pulmonary Coin 
Lesion*[Title/Abstract]) OR Solitary Pulmonary Nodule*[Title/Abstract])) AND (((((((Conventional 
bronchoscopy[Title/Abstract]) OR Percutaneous CT-guided biopsy[Title/Abstract]) OR Open surgery 
biopsy[Title/Abstract])) OR ((((((THORACIC SURGERY, VIDEO-ASSISTED[MeSH Terms]) OR Video-Assisted 
Thoracic Surg*[Title/Abstract]) OR Video-Assisted Thoracoscopic Surg*[Title/Abstract]) OR Video 
Assisted Thoracic Surg*[Title/Abstract]) OR Video Assisted Thoracoscopic Surg*[Title/Abstract]) OR 
VATS*[Title/Abstract]))) AND ((((((((((((((Virtual bronchoscopy[Title/Abstract]) OR Virtual bronchoscopy 
navigation[Title/Abstract]) OR VBN[Title/Abstract]) OR Electromagnetic navigation bronchoscopy[Title/
Abstract]) OR ENB[Title/Abstract]) OR Radial probe endobronchial ultrasound[Title/Abstract]) OR Radial 
probe EBUS[Title/Abstract]) OR Bronchoscopic transparenchymal nodule access[Title/Abstract]) 
OR btpna[Title/Abstract]) OR Electromagnetic Transthoracic Needle Aspiration[Title/Abstract]) OR 
EMTTNA[Title/Abstract]) OR Robotic bronchoscopy[Title/Abstract]) OR Ultrathin bronchoscopy[Title/
Abstract]) OR Transbronchial cryobiopsy[Title/Abstract])) Filters: Humans; English (8)	

#12	 Add	 Search ((((SOLITARY PULMONARY NODULE[MeSH Terms]) OR Pulmonary Coin 
Lesion*[Title/Abstract]) OR Solitary Pulmonary Nodule*[Title/Abstract])) AND (((((((Conventional 
bronchoscopy[Title/Abstract]) OR Percutaneous CT-guided biopsy[Title/Abstract]) OR Open surgery 
biopsy[Title/Abstract])) OR ((((((THORACIC SURGERY, VIDEO-ASSISTED[MeSH Terms]) OR Video-Assisted 
Thoracic Surg*[Title/Abstract]) OR Video-Assisted Thoracoscopic Surg*[Title/Abstract]) OR Video 
Assisted Thoracic Surg*[Title/Abstract]) OR Video Assisted Thoracoscopic Surg*[Title/Abstract]) OR 
VATS*[Title/Abstract]))) AND ((((((((((((((Virtual bronchoscopy[Title/Abstract]) OR Virtual bronchoscopy 
navigation[Title/Abstract]) OR VBN[Title/Abstract]) OR Electromagnetic navigation bronchoscopy[Title/
Abstract]) OR ENB[Title/Abstract]) OR Radial probe endobronchial ultrasound[Title/Abstract]) OR Radial 
probe EBUS[Title/Abstract]) OR Bronchoscopic transparenchymal nodule access[Title/Abstract]) 
OR BTPNA[Title/Abstract]) OR Electromagnetic Transthoracic Needle Aspiration[Title/Abstract]) OR 
EMTTNA[Title/Abstract]) OR Robotic bronchoscopy[Title/Abstract]) OR Ultrathin bronchoscopy[Title/
Abstract]) OR Transbronchial cryobiopsy[Title/Abstract])) Filters: English (9)	

#9	 Add	 Search ((((SOLITARY PULMONARY NODULE[MeSH Terms]) OR Pulmonary Coin 
Lesion*[Title/Abstract]) OR Solitary Pulmonary Nodule*[Title/Abstract])) AND (((((((Conventional 
bronchoscopy[Title/Abstract]) OR Percutaneous CT-guided biopsy[Title/Abstract]) OR Open surgery 
biopsy[Title/Abstract])) OR ((((((THORACIC SURGERY, VIDEO-ASSISTED[MeSH Terms]) OR Video-
Assisted Thoracic Surg*[Title/Abstract]) OR Video-Assisted Thoracoscopic Surg*[Title/Abstract]) OR 
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Video Assisted Thoracic Surg*[Title/Abstract]) OR Video Assisted Thoracoscopic Surg*[Title/Abstract]) 
OR VATS*[Title/Abstract]))) AND ((Virtual bronchoscopy[Title/Abstract]) OR Virtual bronchoscopy 
navigation[Title/Abstract]) OR VBN[Title/Abstract]) OR Electromagnetic navigation bronchoscopy[Title/
Abstract]) OR ENB[Title/Abstract]) OR Radial probe endobronchial ultrasound[Title/Abstract]) OR Radial 
probe EBUS[Title/Abstract]) OR Bronchoscopic transparenchymal nodule access[Title/Abstract]) 
OR BTPNA[Title/Abstract]) OR Electromagnetic Transthoracic Needle Aspiration[Title/Abstract]) OR 
EMTTNA[Title/Abstract]) OR Robotic bronchoscopy[Title/Abstract]) OR Ultrathin bronchoscopy[Title/
Abstract]) OR Transbronchial cryobiopsy[Title/Abstract]) (10)	

#10	 Add	 Search ((((SOLITARY PULMONARY NODULE[MeSH Terms]) OR Pulmonary Coin 
Lesion*[Title/Abstract]) OR Solitary Pulmonary Nodule*[Title/Abstract])) AND (Conventional 
bronchoscopy[Title/Abstract]) OR Percutaneous CT-guided biopsy[Title/Abstract]) OR Open surgery 
biopsy[Title/Abstract]) OR ((THORACIC SURGERY, VIDEO-ASSISTED[MeSH Terms]) OR Video-Assisted 
Thoracic Surg*[Title/Abstract]) OR Video-Assisted Thoracoscopic Surg*[Title/Abstract]) OR Video 
Assisted Thoracic Surg*[Title/Abstract]) OR Video Assisted Thoracoscopic Surg*[Title/Abstract]) 
OR VATS*[Title/Abstract]))) AND ((Virtual bronchoscopy[Title/Abstract]) OR Virtual bronchoscopy 
navigation[Title/Abstract]) OR VBN[Title/Abstract]) OR Electromagnetic navigation bronchoscopy[Title/
Abstract]) OR ENB[Title/Abstract]) OR Radial probe endobronchial ultrasound[Title/Abstract]) OR Radial 
probe EBUS[Title/Abstract]) OR Bronchoscopic transparenchymal nodule access[Title/Abstract]) 
OR BTPNA[Title/Abstract]) OR Electromagnetic Transthoracic Needle Aspiration[Title/Abstract]) OR 
EMTTNA[Title/Abstract]) OR Robotic bronchoscopy[Title/Abstract]) OR Ultrathin bronchoscopy[Title/
Abstract]) OR Transbronchial cryobiopsy[Title/Abstract])) Filters: Humans (8)	

#8	 Add	 Search (Conventional bronchoscopy[Title/Abstract]) OR Percutaneous CT-
guided biopsy[Title/Abstract]) OR Open surgery biopsy[Title/Abstract]) OR ((THORACIC SURGERY, 
VIDEO-ASSISTED[MeSH Terms]) OR Video-Assisted Thoracic Surg*[Title/Abstract]) OR Video-
Assisted Thoracoscopic Surg*[Title/Abstract]) OR Video Assisted Thoracic Surg*[Title/Abstract]) 
OR Video Assisted Thoracoscopic Surg*[Title/Abstract]) OR VATS*[Title/Abstract]) AND  (Virtual 
bronchoscopy[Title/Abstract]) OR Virtual bronchoscopy navigation[Title/Abstract]) OR VBN[Title/
Abstract]) OR Electromagnetic navigation bronchoscopy[Title/Abstract]) OR ENB[Title/Abstract]) 
OR Radial probe endobronchial ultrasound[Title/Abstract]) OR Radial probe EBUS[Title/Abstract]) 
OR Bronchoscopic transparenchymal nodule access[Title/Abstract]) OR BTPNA[Title/Abstract]) OR 
Electromagnetic Transthoracic Needle Aspiration[Title/Abstract]) OR EMTTNA[Title/Abstract]) OR 
Robotic bronchoscopy[Title/Abstract]) OR Ultrathin bronchoscopy[Title/Abstract]) OR Transbronchial 
cryobiopsy[Title/Abstract]) (82)	

#7	 Add	 Search (Conventional bronchoscopy[Title/Abstract]) OR Percutaneous CT-guided 
biopsy[Title/Abstract]) OR Open surgery biopsy[Title/Abstract])) OR ((THORACIC SURGERY, VIDEO-
ASSISTED[MeSH Terms]) OR Video-Assisted Thoracic Surg*[Title/Abstract]) OR Video-Assisted 
Thoracoscopic Surg*[Title/Abstract]) OR Video Assisted Thoracic Surg*[Title/Abstract]) OR Video 
Assisted Thoracoscopic Surg*[Title/Abstract]) OR VATS*[Title/Abstract]) (10841)

#6	 Add	 Search (Conventional bronchoscopy [Title/Abstract]) OR Percutaneous CT-guided 
biopsy [Title/Abstract]) OR Open surgery biopsy [Title/Abstract] (166)	
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#5	 Add	 Search ((THORACIC SURGERY, VIDEO-ASSISTED [MeSH Terms]) OR Video-Assisted 
Thoracic Surg*[Title/Abstract]) OR Video-Assisted Thoracoscopic Surg*[Title/Abstract]) OR Video 
Assisted Thoracic Surg*[Title/Abstract]) OR Video Assisted Thoracoscopic Surg*[Title/Abstract]) OR 
VATS*[Title/Abstract] (10677)

#4	 Add	 Search (Virtual bronchoscopy[Title/Abstract]) OR Virtual bronchoscopy navigation[Title/
Abstract]) OR VBN[Title/Abstract]) OR Electromagnetic navigation bronchoscopy[Title/Abstract]) 
OR ENB[Title/Abstract]) OR Radial probe endobronchial ultrasound[Title/Abstract]) OR Radial probe 
EBUS[Title/Abstract]) OR Bronchoscopic transparenchymal nodule access[Title/Abstract]) OR 
BTPNA[Title/Abstract]) OR Electromagnetic Transthoracic Needle Aspiration[Title/Abstract]) OR 
EMTTNA[Title/Abstract]) OR Robotic bronchoscopy[Title/Abstract]) OR Ultrathin bronchoscopy[Title/
Abstract]) OR Transbronchial cryobiopsy[Title/Abstract] (1186)	

#3	 Add	 Search ((SOLITARY PULMONARY NODULE [MeSH Terms]) OR Pulmonary Coin 
Lesion*[Title/Abstract]) OR Solitary Pulmonary Nodule*[Title/Abstract]	 (4634)	
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