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Abstract: Cone beam computed tomography (CBCT) is a well-established imaging modality with

numerous proven applications across multiple clinical disciplines. More recently, CBCT has emerged as

an important imaging tool for bronchoscopists, primarily used during transbronchial biopsy of peripheral

pulmonary lesions (PPLS). For this application CBCT has proved useful in navigating devices to a target

lesion, in confirming device tool-in-lesion, as well as during tissue acquisition. In addition, CBCT is poised

to play an important role in trials evaluating bronchoscopic ablation by helping to determine the location of

the ablative probe relative to the target lesion. Before adopting this technology, it is key for bronchoscopists

to learn some basic concepts that will allow them to have a safer and more successful experience with CBCT.

Hence, in the current manuscript, we will focus on both technical and practical aspects of CBCT imaging,

ranging from systems considerations, image quality, radiation dose and dose-reduction strategies, procedure

room set-up, and best practices for CBCT image acquisition.
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Introduction

A wide variety of bronchoscopic techniques for sampling of
peripheral pulmonary lesions (PPLS) have been developed
in the past two decades. Although peripheral bronchoscopy
has been established as a safe procedure, its diagnostic yield
seems to have plateaued around 70% (1-5). Furthermore,
technologies such as ultrathin-bronchoscopes, radial-
probe endobronchial ultrasound (RP-EBUS), virtual
navigation, and more recently robotic bronchoscopy, have
so far failed to deliver a consistently higher diagnostic
yield. Multiple explanations have been postulated for this
phenomenon: inadequacy of sampling tools, CT-body
divergence misleading navigational bronchoscopy, and
the lack of an accurate real-time confirmatory technique.
The most commonly utilized confirmatory technique, RP-
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EBUS, has been shown to have false positive results given
by the development of atelectasis or hemorrhage during
bronchoscopy (6).

Given the need to enhance the diagnostic accuracy
of peripheral bronchoscopy and the willingness of
bronchoscopists to venture into the therapeutic field (i.e.,
bronchoscopic ablation of peripheral tumors, intra-tumor
drug injection), a keen interest in the use of intra-procedural
cone beam computed tomography (CBCT) imaging has
recently emerged in the bronchoscopy community (6-11).
CBCT provides an intra-procedural three-dimensional
(3D) image dataset and can potentially impact all phases
of diagnostic bronchoscopy: navigation, confirmation and
tissue acquisition (12). CBCT is not here to replace our
bronchoscopic navigation tools, but to provide additional
guidance and accurate real time confirmation that the
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target has, or has not been reached. Further, bronchoscopic
ablation demands accurate knowledge of the position of the
ablative probe with regards to the target and vital structures,
and CBCT imaging may become the standard technique to
play this invaluable role (13).

The purpose of this report is to familiarize the
reader with basic concepts of CBCT—including system
functionality, radiation dose, and image quality—and with
the technical aspects that are key for physicians who want to
introduce this technology into their bronchoscopy practice.

We present the following article/case in accordance with
the Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-2382).

General principles

Intraprocedural 3D imaging with C-arm based CBCT
was introduced in the early 2000s and quickly gained
prominence with a wide variety of accepted clinical
applications, including multiple lung interventions (14-17).
Advances in CBCT technology followed closely the
proliferation of modern angiographic imaging systems
equipped with flat panel detectors, which produce higher
quality 2D images, and enable better patient access, than
comparable image intensifier equipped systems (14).

CBCT images are obtained by rotating the C-arm
approximately 200 degrees around the patient in a circular
trajectory and acquiring a series of 2D X-ray projection
images at specific angular intervals. Acquisition times
range from 3-20 seconds and include up to 600 projection
images, depending on the system type and imaging
protocol, e.g., a 3-8 second acquisition duration is typical
for body and cardiac applications. Projection images are
then reconstructed, often on a separate workstation, using
standard Feldkamp-based reconstruction algorithms,
resulting in a 3D stack of axial images, analogous to
conventional multi-slice CT (MSCT) (Figure 1) (14). With
current detectors of 30 cm x 40 cm, CBCT acquisition
covers a volume of 24x24x18.5 cm’ resulting in an isotropic
volumetric dataset of 0.5 mm voxels in a 512x512 matrix.
These reconstructed images can be reformatted into
coronal, sagittal, and axial views of arbitrary thickness for
reviewing.

Common trade names for CBCT include DynaCT
(Siemens Healthineers, Germany), Innova CT (GE
Healthcare, USA), and XperCT (Philips Healthcare,
Netherlands). Although the underlying CBCT technology
is similar across vendors, with comparable image quality

© Journal of Thoracic Disease. All rights reserved.

7417

for visualizing PPLS, multiple protocols are available.
These protocols have been optimized for different clinical
applications and vary based on the system type and specific
implementation. In general, the angular spacing between
projection images, and the total number of images acquired,
largely determines both the radiation dose and the degree
of soft tissue contrast in reconstructed images. Both image
quality and dose increase as the angular spacing between
images is decreased.

System considerations

Fixed CBCT systems come in several configurations: floor,
biplane, ceiling and robotic (Figure 2); and all can be used
during bronchoscopy. However, floor and biplane systems
seem less desirable because the system base is attached
to the floor at the head end of the patient table, where
the bronchoscope operator stands. Furthermore, floor
and biplane systems perform CBCT only as a propeller
acquisition, with the point of rotation directly above the
patient’s head. Thus, depending on the C-arm depth, this
could limit the system’s reach and PPLS near the base of
the lung might be unreachable during CBCT, especially
in taller patients. In contrast, ceiling and robotic systems
adapt more easily to standard bronchoscopy workflows,
with better patient access and less need of equipment re-
arrangement when transitioning between fluoroscopy and
CBCT. These systems are also more easily moved away
from both the operator and patient’s chest if desired, e.g.,
during electromagnetic navigation (EMN) navigation,
when presence of the X-ray detector can disrupt the
electromagnetic field used for navigation. Robotic systems
have an advantage in this regard, as they can be moved away
from the patient completely without disturbing either the
operator or surrounding equipment. Lastly, ceiling and
robotic systems are more commonly found in Interventional
Radiology and hybrid operating room settings compared to
floor or biplane systems.

Some mobile C-arm systems such as Cios Spin (Siemens
Healthineers) and Vision RFD 3D (Ziehm Imaging, Florida,
USA) are also capable of performing CBCT (Figure 2D).
Compared to fixed systems, mobile c-arms have a smaller
field-of-view for CBCT and take longer (30-60 seconds)
for image acquisition. However, they do have several
advantages such as their mobility (can be utilized in multiple
procedure rooms), smaller footprint (similar to a standard
2D C-arm fluoroscope), and lower cost.

A radiolucent, typically carbon fiber, patient table is a
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Figure 1 Cone beam computed tomography (CBCT) images providing real time 3D confirmation of biopsy tool in contact with lung lesion.

Top row shows a left lower lobe 1.4 ¢cm lung nodule abutting the posterior pleural surface, which was positive for squamous cell carcinoma.

Bottom row shows a right middle lobe 1.3 c¢m speculated lung nodule abutting the major fissure, positive for adenocarcinoma.

requirement for CBCT imaging for either fixed or mobile
C-arms. Although this is standard equipment for fixed
CBCT systems, mobile c-arm users must ensure they have
access to a carbon fiber table for all X-ray imaging. If a
radio-opaque, metallic patient table is used during CBCT, a
significant portion of the X-ray photons will be absorbed as
the C-arm moves around the patient, resulting in significant
artifacts in the reconstructed 3D images. Although this is an
additional requirement imposed by the CBCT, these tables
are motorized and can be operated in a manner equivalent
to existing surgical tables in interventional pulmonology
suites.

Comparison of CBCT and MSCT

There are fundamental differences between CBCT and
MSCT acquisitions, as described in Figure 3. During
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CBCT, a cone of X-rays is emitted from the X-ray source
and collected using a 2D detector array, resulting in
a series of 2D images as the C-arm moves around the
patient, who is stationary. Thus, the Z-dimension (head-
foot) in a cone beam acquisition is dictated by detector
size, and a volumetric image is created during one C-arm
rotation. With MSCT, X-rays are emitted in a thin
fan-beam geometry and collected in a helical fashion using
a 1D detector array as the patient table moves. Thus, the
Z-dimension in MSCT imaging is defined by the amount of
table movement during acquisition. A full lung scan can be
acquired using MSCT in a few seconds, as the CT gantry
completes a full rotation in less than 0.4 seconds.

In general, CBCT is commercially available as an
interventional imaging modality which is not intended
for diagnostic use. CBCT and MSCT images have
similar spatial resolution, but CBCT has reduced contrast
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Figure 2 Types of fixed angiographic systems: floor mounted (A); ceiling (B); biplane (C); CBCT-enabled mobile (D); robotic (E). Images

courtesy of Siemens Healthineers (Forchheim, Germany). CBCT, cone beam computed tomography.

resolution, making it more difficult to discriminate among
soft tissues. In addition, image intensity with CBCT
is non-calibrated gray scale values, as opposed to the
calibrated Hounsfield Units (HU) used in MSCT. Thus,
a standardized lung window, as is used with MSCT, is not
possible with CBCT. Despite these differences in image

© Journal of Thoracic Disease. All rights reserved.

appearance, the ability to use CBCT for intraprocedural
guidance is an important advantage for bronchoscopic
procedures.

From the practical standpoint, the main disadvantages of
MSCT when compared with CBCT are that the head of the
patient is typically inside the gantry (making bronchoscopy
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Fan Beam
(MSCT)

Figure 3 Comparison of cone beam (CBCT) and fan beam (or Multi Slice CT) acquisitions. On the left, in cone beam, 2D projection

images are generated as the C-arm rotates around a stationary patient, which are then reconstructed into a 3D image volume. On the right,

in fan beam, X-rays are emitted in a thin fan-beam geometry and detected by a 1D array in a helical pattern as the patient table moves

through the scanner. Axial slices are reconstructed, which can be reviewed as a 3D image volume. Bottom figures depict matched CBCT and

MSCT chest images from the same patient. Figure adapted from reference (18), with permission. CBCT, cone beam computed tomography;

MSCT, multi slice computed tomography.

technically challenging) and the fact that the patient moves
during the scan, and this movement can dislodge our
bronchoscopy tools losing contact with the target.

Image quality

CBCT image appearance depends strongly on the

number of acquired projection images, as well as the
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dose per projection image. In general, acquisitions with
a greater number of projection images provide more
data for reconstruction, which results in images with
improved signal-to-noise ratio (SNR) and better soft
tissue differentiation (18). However, with any increase
in projection images there is a concomitant increase in
radiation dose, and potentially a longer scan duration,
which can lead to worsened motion artifacts.
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CBCT is inherently more susceptible to several
types of image artifacts relative to MSC'T, primarily
resulting from increased scatter radiation with flat panel
detectors (14). However, there are methods to mitigate the
effects of some CBCT artifacts. For example, streak artifacts
from biopsy tools can appear prominently in CBCT datasets
but can be reduced by increasing the dose per projection
image or the total number of acquired projection images.
Also, viewing the reconstructed images as either a multi-
planar reconstruction (MPR, 3-5 mm) or thin maximum
intensity projection (MIP-thin, 2-3 mm) can reduce the
appearance of noise and will often result in a more visually
pleasing image.

Because of its relatively long acquisition time, CBCT
is susceptible to motion artifacts, which manifest as image
blurring. These artifacts primarily result from breathing
and cardiac motion. For example, lesions near the heart
and great vessels can be influenced by motion artifacts
due to cardiac motion, which is higher frequency but lower
in magnitude than respiration. Current reconstruction
algorithms primarily rely on imaging the area of interest in
all projection images and triangulating the corresponding
2D pixels from each projection to create a 3D voxel. Any
kind of motion will result in inaccurate mapping of these 2D
pixels, resulting in blurred 3D image. Algorithms to capture
inherent behavior of motion due to breathing or cardiac and
to compensate for motion are currently under development.

Lastly, the presence of metal objects within the field-of-
view can create artifacts and, if possible, it is recommended
to remove them before image acquisition. If complete
removal is not possible, they should be positioned as
far from the area of interest as possible in order to
minimize their effects. This includes inserted devices (e.g.,
bronchoscope) as well as external devices, such as ECG
leads which could impact image quality of anterior lesions.
As mentioned above, when utilizing mobile CBCT systems,
removing metal objects from the field-of-view will also
entail utilizing a dedicated carbon table that has no metal
parts in the half of the bed where the torso and head are
located.

Radiation dose

Radiation dose is an important consideration when
incorporating intraprocedural CBCT, and the most
significant determinant of total dose is the number of
CBCT acquisitions that are performed. Repeated CBCT
acquisitions add linearly to the total radiation dose, and
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recent studies of CBCT-guided bronchoscopy have reported
from 1 to 3 CBCT acquisitions per patient (6,11). Similar
to image quality, the radiation dose for a single CBCT
is directly related to the number of projection images
acquired as well as the dose per projection image. Thus, it
is important to consider these factors when comparing dose
values among studies.

Care must be taken when comparing radiation dose
values between CBCT and MSCT as well, as the methods
for reporting dose differ between these modalities.
As described by Casal et 4l. (6), the most appropriate
metrics for CBCT radiation dose are the air Kerma
(K., — Kinetic energy released in matter as a metric for
entrance skin dose) and dose area product (DAP), both
of which are reported by commercial C-arm systems
following each acquisition. However, many previous
studies have reported estimates of effective dose (E) for
CBCT, using a range of generalized conversion factors
from 0.16 to 0.45 to create their estimates, which makes
dose comparisons among studies difficult. The true
conversion factor is system-specific and varies with
anatomic location but can be measured using a calibrated
phantom representative of patient population (19).
The effective dose associated with CBCT has been
measured using phantoms in several studies, with values
of 0.98 mSv, 1.33 mSv and 3.32 mSv per acquisition,
using 3 system types (20-22). These effective dose values
correspond to acquisitions with 248, 312 and 419 projection
images, respectively. These values are similar to those of a
low-dose CT of the chest as performed during the National
Lung Screening Trial (23).

Dose reduction techniques such as cranio-caudal
collimation can result in significant dose savings and allow
repeated CBCT imaging, if needed. Radiation dose will be
reduced by an amount proportional to the collimated field-of-
view, and image quality can also increase as a result of reduced
scatter radiation (24). To date, few studies have reported
systematic use of collimation as a dose savings measure during
CBCT-guided bronchoscopic procedures (25,26). However, in
some cases it may be challenging to ensure the lesion is within
the reduced field-of-view due to device-related deformation or
atelectasis; thus, collimation might be most suitable for repeat
CBCTs acquired after repositioning of devices.

Practical aspects

CBCT-guided bronchoscopy is most successful and safest
when a consistent protocol is followed. It is key to ensure
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Table 1 Basic features for the successful and safe use of CBCT during bronchoscopy

CBCT image-acquisition protocol

The goal is to achieve sufficient image quality at lowest reasonably achievable dose

Typically, this entails a 5-8 seconds CBCT, acquiring 250-400 projection images

Use collimation to reduce patient dose whenever appropriate
Patient/CBCT arm positioning

Isocenter patient’s lesion in image volume

Ensure all removable metal objects are outside imaging field-of-view

Ensure all cables and tubes do not interfere with C-arm rotation

Elevate arms above the head (out of scanning field)

If EMN is being used, unplug and remove the electromagnetic field generator from field-of-view, if possible

Bronchoscope fixation

Ensure that bronchoscope and cable will not interfere with C-arm motion. If necessary, detach bronchoscope cable from tower

Confirm that biopsy tool was not moved during fixation process using short fluoroscopy acquisition

CBCT acquisition

Ensure all staff have left procedure room, or are safely behind lead shields, prior to CBCT acquisition

After ensuring adequate patient paralysis, perform an inspiratory breath-hold

CBCT, cone beam computed tomography.

adequate image quality without having to repeat the
acquisition, thus preventing unnecessary radiation exposure
to both patient and staff (7ible ).

Room set-up

The placement of personnel and ancillary equipment is an
important consideration during CBCT-guided bronchoscopy.
Protective equipment such as wrap-around lead aprons,
thyroid shields and eye protection is particularly helpful for
those who may be near the imaging system during the case.
During CBCT acquisition, anesthesia, bronchoscopists and
staff can relocate to the control room protected by lead glass,
or stand behind an in-room radiation protection shield, to
further reduce radiation exposure.

A typical room set-up is shown in Figure 4. Anesthesia staff
and equipment are most commonly set up at the patient’s
head side, behind or beside the bronchoscope operator,
although this will depend on the room configuration.
Tubes and wires to the ventilator should be routed so they
don’t interfere with rotation of the C-arm during CBCT.
Additional equipment, including bronchoscope tower and
navigation systems, are positioned near the head for ease of
viewing by the bronchoscopist but pushed back far enough

© Journal of Thoracic Disease. All rights reserved.

not to interfere with C-arm movement. However, if room
configuration does not allow placement of bronchoscopy
cart near enough for easy viewing, signals can be routed to
separate in-room monitors.

Another important consideration is the need of a method
for bronchoscope fixation during CBCT (Figure 4). This
can be accomplished using existing materials, e.g., by
taping the bronchoscope to the patient table or anesthesia
circuit tree, as previously reported, or by developing a
custom solution (8,9). Alternatively, there is a commercially
available product that can be attached to the patient table
or bronchoscopy cart, with an articulating arm that can be
positioned as needed (The Arm, Neuwave Medical Inc.,
WI, USA) (6). An accessory rail holder can be attached to
the patient table (outside the scanning field) which is helpful
for attaching bronchoscope holders. In addition to keeping
the bronchoscope in a fixed position, additional fixation
using tape to secure the biopsy tool to the working channel
(or to the extended working channel or guide-sheath if
applicable) is often required to maintain stability.

Lastly, the location of monitors for the C-arm system
(to view fluoroscopy images during navigation or sampling)
will depend on the system type and room configuration.
However, the most ergonomically advantageous position
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Figure 4 Representative room setup with a robotic CBCT system showing standard equipment for bronchoscopy. Bronchoscope tower

(A) is located at patient’s right shoulder, with sufficient clearance for C-arm movement. Anesthesia (B) is located behind the bronchoscope

operator, with tubes and cables positioned to avoid the C-arm as well. Two separate bronchoscope holders are shown to maintain tool

positioning during CBCT (Arrows). Note that C-arm controls are placed at the foot of the bed for use by radiologic technologist. CBCT,

cone beam computed tomography.

seems to be across the patient’s body around waist level
(distal to the C-arm) or on a side wall monitor.

When utilizing a mobile CBCT, this unit is placed across
the bronchoscopy table on the patient’s side (left or right)
in a similar fashion as the standard 2D C-arm used for
conventional fluoroscopy. Since these units have a similar
foot-print as the standard fluoroscopy units, the set-up of
the bronchoscopy lab does not necessarily need to change.
It is, however, important to bear in mind that this unit
will need to rotate 200 degrees around the patient. Hence,
tubing, arm-boards, and cables should not be in the way of
the rotating arm.

Maximizing image quality

When performing CBCT, the target PPLS should be
at isocenter of the CBCT acquisition. This ensures that

© Journal of Thoracic Disease. All rights reserved.

the anatomy of interest is contained within all acquired
projection images, thus avoiding truncation of the lesion
in reconstructed images. To this end, the patient should
be positioned on the table so the target PPL is as close
as possible to the center of the table. Most commercial
systems employ a 2-step process for setting up CBCT: first,
the lesion is isocentered in frontal and lateral projections;
and second, a test spin is performed (collision check),
without radiation, to ensure the C-arm can perform a full
rotation without hitting the patient or ancillary equipment.
Once the lesion has been isocentered in frontal position,
it is important to only move the table up/down for lateral
isocentering; otherwise, the frontal plane positioning will
need to be repeated.

It is imperative to suspend patient respiration during
CBCT acquisition to decrease motion artifact and achieve
optimal image quality (6-8,20). Some authors advocate the
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use of higher airway pressures during CBCT to maintain
airways open and visualize smaller airways that may lead
to the target lung lesion (7,20). In the absence of data, the
authors recommend an inspiratory breath-hold during CBCT
image acquisition with a tidal volume of 8-10 mL/kg of ideal
body weight and a positive end expiratory pressure (PEEP)
of at least 10 cm of H,O (27). It is of critical importance to
maintain adequate paralysis to prevent any diaphragmatic
motion/breathing effort during apneic breath hold. Other
factors such as post-intubation recruitment maneuvers, use of
high levels of PEEP, and avoiding hyperoxia, may play a role
in reducing atelectasis (28-31).

CBCT of the chest and abdomen in Interventional
Radiology departments is typically performed with the
patient’s arms raised above the head, to ensure they are
outside the imaging field-of-view, which can improve
image quality by avoiding X-ray beam hardening from the
arms. In particular, raising the arms during CBCT can
be helpful when trying to image lesions in the posterior/
dependent aspect of the lung. However, only one study
to date has reported this approach during CBCT-guided
bronchoscopy (6). Apart from image quality concerns,
raising the arms can help ensure freedom of movement of
C-arm in larger patients. However, raising and lowering
the arms during the procedure could affect the accuracy of
any fluoroscopic overlay being utilized. If this approach is
to be utilized, both arms can be brought up above the head
with a 90-degree flexion at the elbows and securely fastened
with a strap. To minimize the time in this position and
potential musculoskeletal injuries, this can performed after
bronchoscopic navigation or deployment of biopsy tool,
and just before the CBCT scan. If the initial scan shows
unsuccessful navigation or biopsy tool positioning and
further scanning is expected, the arms can be kept in this
position for a few minutes. Nevertheless, the bronchoscopist
should be conscious of this and expedite bronchoscopic
maneuver as much as possible. If unable, arms should be
brought down and re-positioned again just before the next
CBCT scan.

Applications of CBCT in thoracic procedures
Imaging of peripheral pulmonary lesions

A consistent finding in the literature is that PPLS visible on
MSCT images are also visible on CBCT, including small
PPLS (<1 c¢m) and ground glass opacity lesions (16,17,32).
Hisano et al. demonstrated that CBCT can be used to
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differentiate 4 lesion types identified on MSCT: solid,
pure GGO, mixed solid/GGO and cyst. In 19 patients
(25 lesions), they found no significant difference in lesion
conspicuity, measured as contrast-to-noise ratio (CNR),
between CBCT and MSCT (32). In another study, 23
of 24 PPLS identified on pre-procedural MSCT were
also well visualized on intraprocedural CBCT; the lesion
not visualized was found to have resolved on follow-up
MSCT (16). While CBCT will not be used for the sole
purposing of imaging PPLS, it is important to establish that
the technique has the ability to detect any potential targets.

CBCT-guided VATS

One of the first published lung applications for CBCT
was image-guided video assisted thoracic surgery (iVATS)
(16,17). In these procedures, CBCT images are used with
dedicated needle guidance software to guide percutaneous
placement of markers to localize PPLS prior to single-port
laparoscopic resection. A major advantage of this approach
is that marker placement and resection occur in the same
hybrid operating theater, which reduces patient transfer and
procedure times, with excellent outcomes reported.

CBCT-guided diagnostic bronchoscopy

CBCT has been used in many recent studies to visualize
PPLS during bronchoscopy for diagnosis, ablation, and
pleural dye marking (6-11,25,26). During peripheral
bronchoscopy, CBCT can be used for navigation guidance,
to confirm tool-in-lesion prior to biopsy or ablation, or a
combination of both (6-11,25,26). CBCT has been utilized
in combination with different bronchoscopic technique
such as ultrathin scopes, RP-EBUS, transbronchial access
tool, and EMN (6-11,25,26). CBCT offers full 3D intra-
procedural imaging, which differentiates it from virtual
navigation and other novel techniques such as digital
tomosynthesis. Tomosynthesis is a technology that performs
a C-arm sweep and reconstructs the images using a preset
algorithm that is not truly 3D. Furthermore, it is limited
by interference from other anatomic structures, such as the
diaphragm, and lesions typically have to be solid and well
defined. In contrast, CBCT offers bronchoscopists full 3D
imaging capability not limited to particular types of lung
lesions regardless of size or location.

When utilized for planning and navigation, CBCT
is acquired early in the procedure, after anesthesia is
administered but typically before the bronchoscope is
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Figure 5 CBCT and tumor segmentation. Top Row (A,B,C) shows baseline CBCT images acquired before bronchoscope insertion. In the

middle row (D), CBCT augmented fluoroscopic overlay demonstrates a virtual image of the segmented tumor (D). An AP image (left) and

Lateral image (right) are shown. (E) VRT images can enhance the view of bronchoscopic tools, lesions and surrounding structures. On the

bottom row, CBCT demonstrate transbronchial needle located within target lesion in three orthogonal planes (F,G,H). Arrows indicate the

target tumor, asterisks indicate the Aorta. CBCT, cone beam computed tomography; VRT, volume rendering technique.

inserted. Images are reviewed and the target PPLS are
located, then outlined using dedicated segmentation
software (Figure 5) (7,8,11,25). Most systems have either
manual and/or semi-automatic segmentation tool that allow
the user to outline a lesion on CBCT images (in one or
more planes) or perform a volumetric segmentation of a
lesion. The segmented lesion can then be overlaid on live
fluoroscopic images to provide a target for intraprocedural

© Journal of Thoracic Disease. All rights reserved.

navigation and sampling.

All available segmentation tools provide only a static
overlay, although the underlying anatomy they represent will
move with respiration. Thus, the overlay only matches the
true lesion location at a single point in the respiratory cycle,
coincident with the location during CBCT acquisition. This
can be misleading, especially in cases where the lesion is
not visible on fluoroscopy. PPLS motion has been reported
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to average 1.7 cm over all lung regions, although the range
of PPLS motion is more pronounced near the base of the
lung, where lesion motion over a breathing cycle averages
2.5 cm (33). Hohenforst-Schmidt and coworkers were the
first group to report the use of airways segmentation overlaid
on fluoroscopy images during CBCT-guided bronchoscopy
in a prospective feasibility study. A larger but retrospective
study by Pritchett at al. reported on the use of CBCT and
fluoroscopic overlay during navigation with EMN with a
diagnostic yield of 84% (11).

Recent studies have shown that CBCT can be used
to confirm tool-in-lesion prior to biopsy with high
confidence, with the potential to improve diagnostic yield
(Figures 1,5) (6-10). For tool-in-lesion confirmation,
CBCT is performed after the bronchoscopic biopsy tool
is thought to have reached the target lesion, immediately
prior to biopsy. The bronchoscope is secured and CBCT
is performed; the resulting images are reviewed as MPRs
or thick MIPs in multiple planes to determine the location
of the tool relative to the lesion. In some clinical scenarios,
reviewing the volume rendered images can be useful as
well. Park et 4l. (10) found that tool-in-lesion confirmation
by CBCT prior to biopsy was the only factor associated
with increased diagnostic yield using a multivariate analysis
in a single arm study of patients who underwent CBCT-
guided transbronchial lung biopsy. A small prospective
study conducted by Casal et a/. reported a 25% increase in
navigational success and a 20% increase in diagnostic yield
attributed to the tool-in-lesion confirmation CBCT (6).
In addition, an interesting finding of their study was the
detection of atelectasis in CBCT that was not visible on
fluoroscopy alone, which were producing false-positive RP-
EBUS images and sometimes were completely obscuring
the targets. These additional data further supported the
utility of intra-procedural CBCT to accurately confirm
tool-in-lesion during bronchoscopy for PPLS.

With regards to limitations or disadvantages of using
CBCT as an aid in diagnostic bronchoscopy, in addition
to the radiation exposure described above, the lack of
availability in most bronchoscopy rooms and the added
time to procedures are worth mentioning. With the advent
of mobile CBCT units with similar footprints as standard
2D c-arms, availability may not be an issue in the near
future (34). Bronchoscopy time is indeed prolonged, and
the number of scans and need for preparation (i.e., arms up)
will determine by how much. Having said so, patients are
typically under general anesthesia and an extra few minutes
is unlikely to result in any harm.
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In summary, CBCT plays an important role during
diagnostic bronchoscopy by identifying the relationship
between the biopsy tool and the lesion, preventing the
operator from missing the target, and recognizing false
positive RP-EBUS images given by atelectasis. This has the
potential of avoiding non-diagnostic samples, reducing total
number of samples needed for diagnosis, and reducing thus
complications.

CBCT and bronchoscopic ablation of peripberal lung

tumors

MSCT-guided percutaneous thermal ablation is a local
ablative therapy reserved for some selected patients with
PPLS who are not eligible for surgery. Percutaneous
radiofrequency and microwave ablation, in particular, have
been shown to be provide adequate local control (35).
Nevertheless, percutaneous ablation inevitably violates
the visceral pleura and pneumothorax is a very common
complication. With a more favorable safety profile and
the ability to provide also diagnosis and nodal staging in
one setting, bronchoscopic ablation is hence emerging as a
potential future therapeutic alternative for these patients (13).
Several bronchoscopic ablation modalities are currently
under development, with ongoing clinical trials, and CBCT
promises to play a prominent role in this growing field.
CBCT can detect in real-time the position of the ablating
tools with respect to the target, provide a view of nearby
anatomic structures (potentially preventing complications),
and it could be utilized to assess for treatment changes and
to detect complications in real-time (13,36).

Conclusions

CBCT is a relatively newer modality for endobronchial
interventions that consists of a compact system mounted
on a moving C-arm, thereby allowing the patient to remain
stationary during the 3D imaging. In a single orbit around
the patient, a complete volumetric dataset covering a large
anatomic region of interest is acquired, and from this, a
stack of images with submillimeter, isotropic resolution
is generated. Given the need to enhance diagnostic yield
of peripheral bronchoscopy and the growing interest in
bronchoscopic ablation, CBCT has emerged as desirable
technology to guide bronchoscopists when they venture
into the lung parenchyma. Multiple studies are underway
to investigate whether this technology will truly impact the
current outcomes of peripheral bronchoscopy.
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