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Bronchoscopy for the diagnosis of peripheral lung lesions
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Abstract: Peripheral pulmonary lesions (PPLs) are generally considered as lesions in the peripheral one-
third of the lung although a precise definition and radiographic anatomical landmarks separating central and
peripheral lesion does not yet exist. The radiographic detection of such lesions has increased significantly
with the adoption of lung cancer screening programs. These lesions are not directly visible by regular flexible
bronchoscopes as they are usually distal to the lobar and segmental bronchi. Traditionally, depending on
location and clinical stage at presentation, these lesions were typically sampled by computerized tomography
(CT) guided needle or surgical biopsy although some centers also used ultrasound and fluoroscopy guided
percutaneous needle biopsy. Due to lack of direct visualization, the yield for bronchoscopic guided sampling
especially of the small <2 ¢cm pulmonary nodules was very low. Therefore, sampling has been preferentially
performed by percutaneous CT guidance, which had high yield of above 90% but it comes at the cost of
higher risk complications like pneumothorax with reported rate of 15% to 28%. Directly proceeding to
surgical resection is also considered in appropriate candidates with high suspicion of malignancy without
any evidence of distant metastasis but the proportion of such cases of lung cancer is low. The manuscript
discussed the various bronchoscopic diagnostic modalities for peripheral pulmonary lesions. It is important
to note that most of the studies in this field are relatively small, not randomized, suffer from selection bias,
have considerable heterogeneity in sampling methodology/instruments and usually have been performed in
high volume institutions by dedicated highly experienced proceduralists. The prevalence of malignancy in
most of the reported cohorts has also been high which may result in higher diagnostic yields. All these factors

need to be kept in mind before generalizing the results to individual centers and practices.

Keywords: Bronchoscopy; radial probe endobronchial ultrasound (RP-EBUS); electromagnetic navigation

bronchoscopy (ENB); peripheral pulmonary lesions (PPLs); lung nodules

Submitted Apr 20, 2017. Accepted for publication May 02, 2017.
doi: 10.21037/jtd.2017.05.48
View this article at: http://dx.doi.org/10.21037/jtd.2017.05.48

Introduction

The last decade has been a game-changer in the arena
of diagnostic bronchoscopy. The field of interventional
pulmonary has blossomed with curvilinear endobronchial
ultrasound (EBUS) becoming the preferred procedure
for mediastinal staging of lung cancer. This has also been

accompanied with significant improvement in the guidance
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technology for bronchoscopic sampling of peripheral
lesions. This has the added benefit of simultaneous diagnosis
and staging of lung cancer during a single procedure with
lower risk of complications. Development of technologies
like virtual bronchoscopy (VB), electromagnetic navigation
bronchoscopy (ENB), ultra-miniature (UM) radial probe
EBUS (RP-EBUS) and ultrathin bronchoscopes has been
a boon for the bronchoscopists. One meta-analysis showed
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that the pooled diagnostic yield of these techniques was
70% and the complication rate was extremely low with
a pneumothorax rate of 1.6% with only 0.7% requiring
intercostal tube and no report of substantial bleeding
or death (1). With such a low rate of complications and
benefits of simultaneous staging along with an increasing
yield of image guided bronchoscopy, wide spread interest
has been generated in further advancing this capability and
broader adoption of these technologies is already being
seen.

Traditional flexible bronchoscopy

The procedure involves careful review of the CT anatomy
of the lung to determine the bronchial pathway to the lesion
before advancing the bronchoscope in the subsegment of
interest and advancing the sampling equipment like brushes
and transbronchial biopsy forceps distally towards the
lesion. The sampling equipment typically doesn’t bend and
tends to go straight which limits the ability to access many
lesions. The normal anatomic variation in lobar airway
anatomy needs to be carefully evaluated before memorizing
the pathway. Although formalized nomenclature of the
airways is not commonly used, using such terminology can
be very helpful in memorizing the pathway to the lesion.
Most of the studies of flexible bronchoscopy pre-navigation
era were performed using CT images, which had only
axial cuts, and thin cuts were not commonly performed.
One commonly cited study from Houston VA described
a low sensitivity of traditional bronchoscopy for lesions
<2 cm at 25% although it was better at 69% for bigger
lesions (2,3). Even analysis of several studies in American
College of Chest Physicians (ACCP) guidelines indicates
an overall sensitivity of flexible bronchoscopy at 34% for
lesions <2 ecm and 63% for >2 cm. In addition to the size
of the lesion, the other factors contributing to higher yield
were the presence of a bronchus sign and higher number
of transbronchial biopsy specimens. Transbronchial needle
aspiration probably had higher sensitivity than biopsy and
brushes but was performed infrequently and the numbers
were low to make an accurate conclusion in this analysis.
Inter-bronchoscopists variability has not been well studied
but one study described significant variability in diagnostic
yield (4). Another study described very poor endobronchial
path selection accuracy among bronchoscopists based on
CT images, irrespective of the level of experience and this
was improved with the use of virtual bronchoscopic based

techniques (5).
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VB and virtual bronchoscopic navigation

VB utilizes non-contrast CT of the chest to generate three-
dimensional virtual image of the airways, which closely
mimics the actual airways. As selection of endobronchial
pathway to the lesion can be a potential major source of
error in reaching a peripheral lesion (5), VB guidance can
be very useful in selecting the appropriate airway. A recent
study used only the VB feature of an available ENB system
(superDimension i-Logic'" system) to plan pathways to
245 peripheral pulmonary lesions along with RP-EBUS
and successfully localized 77% of lesions with a diagnostic
yield of 54.7% (6). Addition of ENB to those cases where
lesions were not confirmed by RP-EBUS or where rapid
on site cytology was not achieved only modestly improved
overall diagnostic yield to 58.4%. Of note, the prevalence of
malignancy in this cohort was high at 82% and diagnostic
yield for benign lesions was very low at 16.7%. Although
not a direct comparison study of VB assistance with ENB
technology, as ENB was performed only on the difficult
cases, this study suggests that a combination of VB and
RP-EBUS alone can be beneficial for a vast majority of
the patients in a similar setting with a high prevalence of
malignancy by assistance in selecting appropriate airways.
Virtual bronchoscopic navigation (VBN) involves
navigation to the peripheral lesion-using pathway based on
airways leading to lesion planned using VB and simultaneous
aligning and superimposition of virtual views on the actual
bronchoscopic views. There are two commercially available
systems LungPoint® System (Bronchus Medical, San Jose,
CA, USA) and the Bf-NAAVI® System (Cybernet Systems,
Tokyo, Japan) now called Directpath® (Olympus, Japan).
The LungPoint® System performs segmentation of 23 mm
diameter airways and major vessels by calculating a central
axis for each airway after obtaining a CT with 1.25 mm
slice thickness and 0.0625 mm interval at end inspiratory
hold (as the airways are maximally expanded). During
bronchoscopy the live bronchoscopy and VB image are
synchronized but requires an assistant to facilitate this by
advancing and adjusting the VB image (7). The system can
automatically select the virtual image corresponding to the
bronchoscopic view using image pattern recognition along
with superimposition of target and vessels surrounding the
airway on the real bronchoscopy view however this feature
requires that the bronchoscope be advanced slowly due
to longer time required by image pattern recognition (8).
Small human clinical trials have reported a diagnostic
yield of 77-80% in cohorts with high prevalence of
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malignancy without any significant adverse effects (7,9).
The Bf-NAAVI® System (not available in USA) has been
studied more extensively and similarly used CT data for
Multi-Planar Reconstruction and thus generates a three-
dimensional image of the tracheobronchial tree. The VB
images can be moved forward-backwards and rotated like
a bronchoscope and similar to the other system, needs an
assistance to perform this task. The Virtual Navigation
in Japan (V-NINJA) trial group performed a randomized
multicenter trial comparing VBN (N=102) using Bf-
NAAVI® System vs. non-VBN guided bronchoscopy
(N=97) on peripheral lesions <3 cm along with use of RP-
EBUS with guide sheath (GS) and fluoroscopy (10). The
study showed that the VBN group had significantly higher
yield than non-VBN group (80.4% vs. 67.0%; P=0.032)
and procedure duration was shorter (10). Another larger
multicenter trial comparing the Bf-NAVI VBN and non-
VBN (N= 167 each group) for <3 cm peripheral pulmonary
lesions suspicious for lung cancer along with the use of
ultrathin bronchoscopes (outer diameter of 2.8 mm and
working channel of 1.2 mm) and with fluoroscopic guidance
(RP-EBUS not utilized as working channel size was small)
showed a trend of higher diagnostic yield in VBN group
although this was not statistically significant (diagnostic
yield 67.1% in VBN vs. 59.9% in Non-VBN; P=0.173) (11).
The peripheral pulmonary lesions in this study were defined
as <3 cm lesions surrounded by normal lung parenchyma,
which were unlikely to be visualized by bronchoscopy. On
subgroup analysis, the diagnostic yield was significantly
higher for VBN group for right upper lobe lesions, lesions
invisible on posterior-anterior chest radiographs and for
lesions in peripheral third of lung field (64.7% vs. 52.1%,
P=0.047). Variation in definition of peripheral pulmonary
lesions used in each study needs to be kept in mind along
with the use of additional technology utilized in each
study (like radial EBUS, fluoroscopy, CT scan) before
generalizing the results.

A recent review of literature reported an overall
diagnostic yield of VBN to be 73.8% with a yield of 67.4%
for lesions <2 cm (8) with most of included studies using
Bf-Navi® system. Although no complications directly
related to VB have been reported, the complication rate
of VB guided procedures was very low at 1% (8). Factors
affecting yield are hard to determine due to small sample
size and considerable heterogeneity in studies although
multivariate analysis have suggested that location of lesion
(with low yield in left lower lobe superior segment),
concentric RP-EBUS probe localization of lesion being
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better than eccentric and yield being higher for solid as
compared to sub-solid lesions (8).

VB has several limitations. VB needs selection of
appropriate threshold to differentiate airway wall from
lumen or otherwise airway bifurcations can be missed (8,12).
Presence of mucus blocking airway may make it hard to
visualize small airways on CT. VB is also unable to factor
in the target movement due to respiration or other factors
that may change the target location after performance of
CT like an enlarging pleural effusion or lesion movement
related to bronchoscope. The procedure is not real time
and rate of successful navigation may not translate into
similar diagnostic yields (11). Peripheral lesions without an
airway leading to them are difficult to sample using VBN.
The high cost of the systems and the additional radiation
exposure for CT acquisition are also potential drawbacks to
wider adaption of this technology.

Identification of correct bronchus may be difficult as the
scope is often rotated while being advanced during an actual
bronchoscopic procedure. Additionally, if an exact bronchus
of the desired pathway is missed due to poor vision during
bronchoscopy or unexpected sudden movement like cough,
then there is no feedback alerting about this mistake.

Ultrathin bronchoscopy

Small bronchoscopes with an outer diameter of 2.8-3.5 mm
are considered ultrathin although a formal definition
doesn’t exist. The small size of ultrathin bronchoscopes
allows better maneuverability and they can visualize deeper
into the tracheobronchial tree and can reach up to the sixth
to eight-generation bronchi. The ultrathin bronchoscopes
are usually used with image guidance technology to reach
close to the peripheral lesions. The concept of ultrathin
bronchoscopes is not new as Tanaka ez 4. described a small
bronchoscope with 1.8 mm outer diameter but without
a working channel in 1984 and it could reach up to eight
generation airways (13). Subsequently working channel
was added and an ultrathin bronchoscope with an outer
diameter of 2.7 mm and working channel of 0.8 mm was
described in 1996, which allowed suction, lavage and
bronchography (14). The technology has come a long
way since then and the new ultrathin bronchoscopes offer
a variety of sizes of outer diameter/working channel and
with improved flexion/extension along with brushings and
transbronchial biopsies. For example, the current peripheral
or thin series of Olympus bronchoscopes has outer diameter
of 4.2 and working channel of 2.0 mm (BF-P190) while the

7 Thorac Dis 2017;9(Suppl 10):S1047-S1058



$1050

Figure 1 Peripheral lung lesions. (A) Axial image of chest
computed tomography showing the right upper lobe lesion; (B)
bronchoscopic view of the distal airway at the level of the right
upper lobe lesion using the thin bronchoscope (4 mm outside
diameter and 2 mm inner diameter working channel); (C)
bronchoscopic view of the 1.4 mm radial EBUS probe inserted
into the abnormal airway; (D) radial EBUS image showing the
hypoechoic area (arrow) representing the abnormal area of the

right upper lobe lesion.

“ultrathin” series has outer diameter of 3.1 mm and working
channel of 1.2 mm (BF-XP190).

Direct comparison studies between ultrathin
bronchoscopy and standard bronchoscopy or other image
guidance techniques have not yet been performed. Ultrathin
bronchoscopy has mostly been used in studies of other
image guidance bronchoscopic techniques and one meta-
analysis of image guided bronchoscopy showed that ultrathin
bronchoscopy was used in 11 out of 39 studies that were
included. Only two of the studies used ultrathin bronchoscopy
alone with one small study having 60% yield (21/35) (15)
and another study showed a yield of 69.4% (68/98) (16).
Both studies reported no complications. One multicenter
randomized prospective study compared a 3.0 mm
outer diameter and 1.7 mm working channel ultrathin with
4.0 mm outer diameter and 2.0 mm working channel thin
bronchoscope for PPLs (17). VBN, fluoroscopy and RP-EBUS
guidance was used in both groups although a GS could be
used in the latter group due to larger working channel. The
diagnostic yield of ultrathin bronchoscope was significantly
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higher than the thin bronchoscope with GS (74% wvs. 59%;
P=0.044).

RP-EBUS

The UM RP-EBUS has a 20 MHz transducer at the
tip which rotates 360° perpendicular to the direction of
insertion and obtains real-time high-resolution images of
the structures surrounding the airways. This can help in
localization of the lesions, which are mostly hypoechoic
and therefore have a well-defined border with normal
lung tissue on ultrasound images, thus aiding in tissue
sampling of the appropriate area. This technology can
therefore allow the proceduralists to look into the distal
small airways, something that was beyond the realm of
flexible bronchoscope. The RP-EBUS can be inserted
directly through the working channel of bronchoscopes
or can be used with a GS or through extended working
channel (EWC) of electromagnetic navigation systems into
the target bronchus to confirm appropriate localization of
the area of interest. The target bronchus can be identified
by careful review of CT images by virtual navigation or
electromagnetic navigation techniques. Once the lesion
is confirmed, the GS is fixed in place and RP-EBUS is
removed and various sampling instruments can be advanced
through the GS to sample the lesion. Some proceduralists
may use fluoroscopy for additional assistance. In cases of
difficulty in accessing the lesion, a double-hinged curette
can be inserted into the GS and can be directed under
fluoroscopic guidance into the appropriate bronchus. The
guiding device can then be removed and lesion confirmed
with RP-EBUS before sampling.

"Two kinds of UM RP-EBUS probes made by Olympus
are commonly available with appropriate GS kits with
outer diameter of 1.7 mm (UM-S20-20R), and 1.4 mm
(UM-S20-17S) respectively. The 1.7 mm probe can fit in
a working channel of 2.2 ¢cm without a GS and 2.6 mm if
used with a GS and the 1.4 mm probe can fit in a working
channel as small as 2.0 mm. Thus the 1.4 mm probe can
be used with smaller bronchoscopes with working channel
of 2.0 mm, which may allow it to be directed deeper into
bronchopulmonary segments (Figure I). The GS may be
kept in place for few minutes after biopsy as it may reduce
the risk of bleeding due to tamponade effect. Unfortunately,
the transbronchial needles are too large to be used with the
available GS kits.

Direct contact with the lesion is important for ultrasound
visualization. Usually the UM probes obtain a direct contact
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with the smaller peripheral airways without any difficulty
and sometimes instillation of small amount of saline in
GS or EWC can be helpful to obtaining better images.
The normal lung typically has a “snowstorm” appearance
due to the presence of air-filled alveolar tissue. Solid
malignant lesions have a hyperechoic border separating it
from normal lung. Small airways with trapped air appear as
small hyperechoic dots, linear air bronchograms appear as
continuous hyperechoic lines and blood vessels or areas of
necrosis appear hypoechoic. Doppler mode is not available
in UM-RP-EBUS to identify blood vessels.

The difference in echogenic strength of different tissues
in the lung can be helpful in not only localizing the lesion
but can also provide helpful clues to the etiology of the
lesion. Kurimoto and colleagues described three type of
lesions: Type I lesions have homogenous pattern and most
of them were benign, type II lesions had hyperechoic
dots and linear arc pattern and type III lesions had
heterogeneous pattern and the later two were invariably
malignant (18). Other authors have suggested that features
like continuous margin, heterogeneous echogenicity and
absence of linear-discrete air bronchograms may help
differentiate malignant from benign lesions (19). However,
additional validation in larger studies is needed before these
features can be incorporated into routine clinical practice
to make the critical decision about tissue sampling. Izumo
et al. described the sonographic characteristic of ground
glass opacity (GGO) peripheral lung lesions and their
correlation with findings on chest CT imaging (20). Based
on RP-EBUS images, a “blizzard sign” was described as an
enlarged, diffuse hyperintense acoustic shadow. Peripheral
lesions with more GGO component were associated with
blizzard sign. Mixed blizzard signs were described as
heterogeneous findings interrupting the blizzard sign and
representing peripheral lung lesions with mixed GGO and
solid components.

Studies have consistently shown much higher yield for
RP-EBUS guided sampling of peripheral lesions as compared
to traditional transbronchial biopsies. In one of the earlier
performed randomized trial comparing RP-EBUS with
traditional transbronchial biopsy the sensitivity of RP-EBUS
for lesions <3 cm was 75% and for lesions <2 cm was
71% as compared with conventional transbronchial biopsy
sensitivity of only 31% and 23%, respectively (21). The
yield was however similar for lesions >3 cm. Kurimoto et 4/.
used the guided sheath RP-EBUS to sample 150 lesions
and were able to achieve diagnosis in 116 cases with a yield of
77% (22). The yield for malignant lesions was 81% (82/101)
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and for benign lesions was 73% (35/49). The diagnostic
yield was significantly higher at 87% when the probe was in
the center of the lesion (concentric view) and much lower
at 42% when the probe was adjacent to the lesion (eccentric
view) (22). This seems to be an important finding and has
been confirmed in several other studies (23-26). Another
recent retrospective study of 467 patients who underwent
only RP-EBUS guided (GS used in 60%) bronchoscopy
reported successful identification of 96% of lesions and
a diagnostic yield of 69% and the yield increased with
increasing size of the nodule (26). Even in small lesions not
visible by fluoroscopy (mean diameter 2.2 cm), Herth ez al.
were able to localize the lesions in 89% of the cases and
obtained a yield of 70%.

Based on systemic reviews and meta-analysis, the overall
sensitivity of RP-EBUS for diagnosis of peripheral lesions is
around 70% although there is considerable heterogeneity in
nodule characteristics and variable use of additional image
guiding technology in included studies (1,25). The diagnostic
yield reported in studies depends on the prevalence
of malignancy in their cohort, as higher prevalence of
malignancy is associated with higher yield. Although the
diagnostic yield seems to be dependent on the size of
the nodule, a part of this finding could be due to lower
prevalence of malignancy in smaller nodules (25). Although
suggested, it is still not fully clear if yield is higher for
malignant lesions as compared to benign lesions and if the
lobar distribution or distance of lesion from hilum impacts
the yield (25). The optimal number of biopsies to maximize
yield by RP-EBUS method has been reported to be five (24).
The procedure overall is safe with a meta-analysis reporting
a pneumothorax rate of around 1% and intercostal catheter
drainage required in only 0.4% of cases (25). Minor
bleeding not requiring any intervening is another infrequent
complication. Major limitations of the technique include
operator dependence and poor visualization of ground glass
opacities.

Electromagnetic navigational bronchoscopy

The ENB system works similar to the global positioning
system (GPS) of the vehicles. The equipment generates an
electromagnetic (EM) field around the thorax and a small
EM sensor serves as the position locator inside this field.
Like VB, the ENB technology requires thin-section CT to
create a virtual bronchial tree. This CT is performed prior
to the procedure and therefore ENB is not a “real-time”
technique. The lesion is reviewed in the axial, sagittal, and
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coronal planes and marked as the target. Endobronchial
pathways to the lesion are planned and marked using
the virtual airways. The patient is placed in the EM field
generated by a source connected to the computer loaded
with the plan and sensors or pads are placed on the chest of
the patient to help determine the position of EM sensor in
the EM field and compensate for respiratory movements.
The catheter with the EM sensor at tip may be initially
advanced in various segments of airways which synchronies
and matches the virtual airway with the real anatomy,
a process called registration. The current systems can
perform automatic registration. The success of procedure
depends on the accuracy of registration (CT to body
divergence). After successful registration, the target-locating
sensor is steered towards the lesion and the relationship and
proximity of the locating sensor to the lesion is depicted on
the computer screen with several customizable views. Once
the target lesion is navigated, appropriate sampling can be
obtained with or without the help of fluoroscopy.

Two commercial ENB systems are currently available:
superDimension i—LogicTM (Medtronic, Plymouth, MN,
USA) and SPiN System™ (Veran Medical Technologies,
Inc., St. Louis, MO, USA). Both techniques use EM
fields although the i-Logic™ system generated the EM
field with a board placed underneath the patient and the
SPiN System'™ system generates the EM field with a
portable unit positioned over the thorax of the patient.
The i-Logic™ system uses an end inspiratory hold CT
chest for planning and the movement of target related
to breathing is calculated mathematically. The SPiN
System'™ uses both inspiratory and expiratory CT and
the sensor pads use respiratory gating to correct for lesion
movement. The sensor (called locatable guided or LG) of
the i-Logic"" system is placed in a sheath called the EWCs,
and this assembly requires a larger working channel of the
bronchoscope of at least 2.6 mm. The LG is removed once
the lesion is navigated and various sampling instruments
are passed through the EWC for sampling. The sampling
tracker is incorporated inside the sampling devices (Always
On Tip-Tracked® instruments) of SPiN System"™ thus
enabling direct navigation of sampling instruments to the
lesions. The i-Logic"™ system has several different catheters
with different angles of tip (45, 90, 180 degree) to help
in steering while the SPiN System'™ can utilize smaller
bronchoscopes and also has a phantom bronchoscopy
catheter that helps in steering towards lesion. Unlike
i-Logic™ system the SPiN System™ can also aid in
transthoracic needle sampling although this is not “real-
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time” navigation either. These two systems have not yet
been directly compared in any clinical trials and most of the
available literature is based on superDimension i-Logic™
system. One retrospective study showed no difference in
yield between conscious intravenous sedation and general
anesthesia although the procedure time was shorter under
general anesthesia (27). General anesthesia may also allow
a brief “breath-hold’ to sample a lesion having significant
respiratory motion.

Several factors need to be considered when making a
decision about performing ENB over CT guided biopsy.
Individual patient factors like the ability to tolerate sedation,
location of the lesion, pre-test probability of successfully
obtaining a diagnosis, and local expertise of technology plays
a key role. Other factors that favor ENB are if CT guided
biopsy is not feasible due to anatomical factors (presence
of emphysema, lesion adjacent to major vessel) or has been
non-diagnostic, when bronchoscopy is needed anyway for
other indications like mediastinal staging, evaluation of
central airways or work up of pulmonary infection, need for
sampling of multiple lesions, obtaining additional tissue for
subtyping or mutation testing or when placing markers for
stereotactic radiation or lung resection(Figure 2) (28).

Many of the studies of ENB are small non-randomized
single center studies with yield diagnostic yields ranging
from 63% to 85% (29-33). A recent meta-analysis of
ENB reported a pooled diagnostic sensitivity of 82% (34).
Significant factors associated with higher sensitivity were larger
nodule size, presence of bronchus sign, nodule visualization
with RP-EBUS, lower registration error and use of catheter
suction technique while nodule location in lower lobe was
associated with lower yield (34). The complication rate is
low with a pneumothorax rate of 3.1% with an intercostal
drain placement rate of 1.6% (35). The highest yield with
ENB to date has been reported with the use of multimodality
technology. In a prospective randomized study ENB,
RP-EBUS and the combination of both was evaluated (36).
In the combination group the RP-EBUS was used for
confirmation and if needed re-adjustment after navigation
using ENB. The combined modality had a much higher
diagnostic yield of 88% (which approximated the yield of CT
guided sampling) as compared RP-EBUS and for ENB alone
(69% and 59% respectively; P=0.02). Based on the results of
this study, several centers routinely confirm ENB navigation
with RP-EBUS.

The excitement surrounding ENB was dampened by
the results of the AQuIRE (ACCP Quality Improvement
Registry, Evaluation, and Education) registry, which
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Figure 2 Bronchoscopic marking of a peripheral lung lesion. (A,B)
Navigational bronchoscopy was performed to localize and mark
the right upper lobe nodule using 1.5 mL of methylene blue dye;
(C) video assisted thoracoscopic surgery for wedge resection of the

marked peripheral lung nodules.

unexpectedly reported a higher yield for non-image guided
traditional bronchoscopy as compared to imaged guided
bronchoscopy (37). The diagnostic yield of bronchoscopy
without image guidance for peripheral nodules was 63.7%;
with RP-EBUS guidance was 57%, with ENB was only
38.5% and with RP-EBUS along with ENB was slightly
better at 47.1%. Significant variation in practice patterns of
different centers was noted and peripheral transbronchial
needle aspiration, which has been reported to be associated
with higher yields, was infrequently used in only 16%
of cases. The study raised an important question that
diagnostic yield of RP-EBUS and ENB may be very low
when performed outside the research setting. The authors
felt that the lower yield could also be due to the lower
prevalence of lung cancer in this cohort at 58% as compared
to studies of RP-EBUS and ENB where prevalence of lung
cancer was >70% (38). Other factors responsible for lower
yield could be patient selection as the simple straightforward
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cases may have been performed just with traditional
bronchoscopy and the fixation of location of EWC, which
permits sampling of a small fixed area. Additional factors
that may have contributed to lower yield include lack of
follow up and final diagnosis for all patients included in
the study and some of the lesions actually being central
rather than peripheral (38). Although this study showed
that bronchoscopy is safe for peripheral lesions with a low
complication rate of 2.2% and a pneumothorax rate of 1.7%,
it raised importance questions on performance of image
guided bronchoscopy especially ENB outside research
setting. Considering the several limitations of this study
and limitations in general of registry data, additional data
from properly conducted clinical trials will be helpful. The
NAVIGATE (Clinical Evaluation of superDimension™
Navigation System for Electromagnetic Navigation
Bronchoscopy) trial is industry sponsored (Medtronic),
prospective, single arm, non-randomized observational
study of ENB use and plans to recruit 2,500 patients
from 75 international sites (39). The primary aim is
incidence of pneumothorax related to ENB with several
other secondary endpoints. While there is no question
about a low rate of pneumothorax with carefully performed
ENB, the secondary end-points may provide us with
information about various practice patterns and outcomes
of a large group of patients.

Concerns have been raised about the use of ENB in
patients with pacemakers and defibrillators. The magnetic
field generated by the ENB is very weak with a strength
of <0.0001 Tesla (40). In small studies, no complication
or disruption in pacemaker function was noted after ENB
(41,42). ENB is helpful for dye marking of PPLs for surgical
resection (43,44). Placement of fiducials for surgical resection
and radiation treatment with lower risk of pneumothorax
as compared to CT placement has been reported with
ENB (45-47). The cost of equipment and the need to
perform additional CT imaging are potential drawbacks
of this technology. Lesions without any airway leading
into them may not be navigable although bronchoscopic
transparenchymal nodule access (BTNA) techniques have
been recently described (48-50). ENB is not a real-time
technology and target displacement due to respiratory
motion, bronchoscope wedging (51), new pleural effusions or
pneumothorax can cause sampling errors.

Transparenchymal nodule access

Presence of air bronchograms sign or a bronchus leading
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to the peripheral pulmonary lesion has been a consistent
factor associated with high yield with image guidance
bronchoscopy. Unfortunately, several lesions do not have a
bronchus leading to them and are not reachable by current
bronchoscopic methods. BTNA involves the technique of
making a transbronchial passage to the nodules, which are
away from the airways.

The transbronchial access tool (TBAT) or Cross
Country™ (Medtronic, USA) is used with superDimension
i—LogicTM system. It has a guide wire, which is used to
penetrate the bronchial wall thus leading it to the PPL
followed by advancing a dilation catheter over this guide
wire followed by passage of ECW over the dilatation
catheter. The TBAT is removed and sampling equipment
passed into the ECW for sampling. Only limited literature
in this technique is available. A recent case series descried
three cases where additional imaging confirmation with cone
beam CT (2/3 cases) and fluoroscopy was also utilized (50).
No procedural complication was described. Another
similar procedure in development is called BTNA where
an exit route for transparenchymal pathway without any
intervening blood vessels is selected. The Archimedes™
planner (Bronchus Medical, San Jose, CA, USA) is the VBN
system utilized and it has features like major vessel detection,
segmentations of vessels down to 1 mm and virtual Doppler
to assess proximity of vessels to the airways. It allows two
airway pathways and two tunnels paths. One the airway
closest to the lesion has been reached; a vessel free-tunneled
path to the lesion is made using fused fluoroscopic assistance.
A coring needle is passed inside flexible bronchoscope into
the selected point of entry, followed by balloon dilatation
of this hole and then creation of tunnel in lung parenchyma
using a sheath with a blunt dissection stylet. Only preliminary
data on this technology is available at this time and a single
feasibility study of twelve patients with PPL showed that
a tunnel pathway could be made in ten cases (83 %) with
successful biopsy sampling (48). The two cases where this
was not feasible had PPL located in the left upper lobe
apex and a vessel free straight path for tunnel could not be
made (limitations of bronchoscope size and angulation and
proximity of aorta and pulmonary artery).

Although promising, additional studies documenting
superior outcomes and higher yield are required before
these techniques are ready for prime time.

Future directions

The last decade has seen considerable progress in the field of
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bronchoscopic sampling of PPLs with significant increase in
yield. Enhancement in current technology is developing at a
rapid pace with easier operability of equipment and improved
ability for real time confirmation with cone-beam CT and
RP-EBUS (52). Development of advanced technologies
like optical coherence technology (OCT) and fibered
confocal laser microscopy (FCFM) may additionally help in
precise selection of the site of sampling (Figure 3) (53,54).
In OCT, the backscattering of light is used to attain
cross-sectional images of tissue. Investigators compared
the obtained images to the histopathologic diagnosis of
endobronchial malignancy (55). Animal models have also
been used to identify different layers of the trachea wall (56).
McLaughlin er al. were able to image small bronchioles
alveoli and blood vessels using OCT (57). They used
small needles (30 gauge) to minimize parenchymal tissue
distortion. Excised lungs from three different types of
animals were used.

FCFM was also known as probe-based confocal laser
microendoscopy uses a thin 1 mm fiberoptic probe to
record real-time images (58). Yserbyt er /. published
FCFM experience in five patients with lung diseases. They
were able to identify alveolar duct diameter, the thickness
of elastic fibers, identify and alveolar cells and determine
their autofluorescence intensity (59). By recognizing certain
endomicroscopic patterns, they were able to discriminate
between normal and abnormal bronchial mucosa and
alveolar tissue in four patients. Data on FCFM has not been
consistent and further technique improvement, and more
investigations are needed (60). FCFM and OCT have been
combined to evaluate the alveolar dynamics and elastin
functionality during ventilation in a mouse model (61).
In human studies, they have the potential to providing
near histology detailed images to the entire bronchial
tree including the parenchymal and vascular tissue and
mediastinal lymph nodes (62). Recently, Harris et al.
described the use of diffuse reflectance and fluorescence
spectroscopy to obtain images of lung tissue obtained
by transbronchial biopsies. The study demonstrated the
feasibility of imaging the small specimens with moderate
sensitivity (77.3%) and specificity (73.1%) in discriminating
benign from malignant samples and high sensitivity (90.9%)
and specificity (100%) in distinguishing malignant from
necrotic samples (63). The study was limited by the small
sample size, and more studies are required to improve the
technique and to investigate a bronchoscopic iz vivo role for
spectroscopic optical imaging.

These advances have instilled so much confidence in
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Figure 3 Probe-based confocal endomicroscopy. (A) Chest CT scan revealing the 2-cm nodule in the right upper lobe; (B) the

superDimension "™ analysis is used to plan the road map to the nodule, pre-empting the site of interest is 3 cm away from the last attainable

pathway in RBI; (C) the r-EBUS image of the right upper lobe revealing a hypoechoic area in RB1; (D) right upper lobe nodule alveoscopic

image at 488 nm showing dense appearance of solid tissue with unrecognizable elastin network (scale bar 20 pm using the Cholangioflex®); (E)

alveoscopic image at 660 nm after topical MB administration revealing scattered large cells with areas of decreased fluorescent signal which

may correspond to areas of necrosis (scale bar 20 pm using the Cholangioflex®); (F) histopathology analysis stained with haematoxylin and

eosin shows a proliferation of undifferentiated large tumor cells. With permission from Hassan et /. Lung 2015;193:773-8.

the interventional pulmonary community is gearing up
to take the leap of treating peripheral lung cancers with
bronchoscopic interventions. A wide variety of available
options can be utilized including localized intratumoral
chemotherapy, brachytherapy, radiofrequency ablation,
interstitial photodynamic therapy etc. (64-67). While studies
and clinical data of such studies will be a welcome step, it
is extremely important to first fully optimize the current
image guidance technology to achieve favorable outcomes. It
appears that the current progress will continue and exciting
future awaits interventional pulmonary medicine.
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