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Background: Shape sensing robotic-assisted bronchoscopy (ssRAB) combined with radial endobronchial
ultrasound (r-EBUS) and cone beam computed tomography (CBCT) is a newer diagnostic modality for the
evaluation of pulmonary lesions. There is limited data describing the radiation dose of CBCT combined
with ssRAB. The purpose of this study was to describe the technical factors associated with the use of CBCT
combined with ssRAB to biopsy pulmonary lesions.

Methods: We conducted a single center, prospective observational study of patients undergoing ssRAB
combined with fixed CBCT for the pulmonary lesion biopsy. We report our patient demographics, and
pulmonary lesion and procedure characteristics.

Results: A total of 241 ssRAB procedures were performed to biopsy 269 pulmonary lesions. The mean lesion
size was measured in the following dimensions: anteroposterior (18.0+8.8 mm), transverse (17.2+10.5 mm),
and craniocaudal (17.7£10.2 mm). A mean of 1.5+0.7 (median: 1, range: 1-4) CBCT spins were performed.
The mean total fluoroscopy time (FT) was 5.6£2.9 minutes. The mean radiation dose of cumulative air
kerma (CAK) was 63.5+46.7 mGy and the mean cumulative dose area product (DAP) was 22.6+16.0 Gy-cm’.
Diagnostic yield calculated based on results at index bronchoscopy was 85.9%. There was a low rate of
complications with 8 pneumothoraces (3.3%), 5 (2.1%) of which required chest tube placement.
Conclusions: We describe the use of ssRAB combined with CBCT to biopsy pulmonary lesions as a safe
diagnostic modality with relatively low radiation dose that is potentially comparable to other image guided
sampling modalities. Bronchoscopists should be cognizant of the radiation use during the procedure for both
patient and staff safety.
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Introduction

Bronchoscopic diagnostic modalities for the evaluation
of pulmonary lesions have progressed over the years
from traditional bronchoscopy to pre-planning software
allowing for virtual navigational bronchoscopy combined
with ultra-thin bronchoscopy, followed by manual
electromagnetic navigational bronchoscopy (ENB), and
more recently, robotic assisted bronchoscopy (RAB) using
electromagnetic or shape sensing technology. The evolution
of diagnostic bronchoscopy has been additive, with each
advancement building on existing tools and technologies.
The development of RAB allows for navigation to central
and peripheral target lesions under direct vision with easy
catheter maneuverability, precise catheter tip articulation
and stability using a robotic arm. The Ion endoluminal
system by Intuitive Surgical, Inc. (Sunnyvale, CA, USA)
utilizes shape sensing technology for navigation.

Recent single center studies using shape sensing robotic-
assisted bronchoscopy (ssRAB) have shown favorable
diagnostic outcomes (1-5). A challenge to improve
diagnostic accuracy in the evaluation of pulmonary lesions
has been to overcome computed tomography (CT)-to-
body divergence. CT-to-body divergence is the difference
between the nodule location in a pre-procedure CT scan,
when the patient performs a full negative inspiratory breath,
and the actual location of the nodule intraprocedurally
while the patient is under general anesthesia with positive
pressure ventilation at tidal volumes (6). Other procedure
specific factors that lead to CT-to-body divergence include
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Key findings

* Robotic assisted bronchoscopy (RAB) with cone beam computed
tomography (CBCT) guidance to biopsy pulmonary lesions
is a safe diagnostic modality with relatively low radiation dose
potentially comparable to other image-guided sampling modalities.

What is known and what is new?

e CBCT is an advanced imaging modality used in diagnostic and
interventional procedures.

* We performed a single center, observational study to describe
the radiation dose associated with CBCT combined with RAB to
biopsy pulmonary lesions.

What is the implication, and what should change now?

¢ With the addition of advanced imaging modalities, bronchoscopists
should be cognizant of the radiation dose during the procedure for
both patient and staff safety.
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nodule motion, relationship of the nodule to the adjacent
airways, and the development of atelectasis during the
procedure (6,7). Ventilator protocols have been developed
to reduce atelectasis and minimize motion during
navigational bronchoscopy procedures (8,9).

As a result of technical challenges due to CT-to-body
divergence and to allow for real-time confirmation of lesion
location, adjunct imaging modalities are often utilized
after navigation and during sampling. These adjunct
imaging modalities include radial endobronchial ultrasound
(r-EBUS), digital tomosynthesis, cone beam computed
tomography (CBCT), and augmented fluoroscopy (10).

CBCT is a CT modality that is compact enough to
allow mounting on a moving C-arm and is used by multiple
medical specialties during diagnostic and interventional
procedures (11-13). CBCT can be fixed or mobile. Mobile
CBCT allows for portability between procedural or
surgical rooms. Volumetric data acquisition is performed
in a single rotation of the source and detector while the
patient remains stationary. Images are reconstructed to
allow viewing in coronal, sagittal, and axial planes. Software
packages can then allow for nodule segmentation for
viewing in 3-dimensional (3D) reconstructions and for
2-dimensional (2D) fluoroscopy overlays during augmented
fluoroscopy (10,14). Fixed CBCT has a short image
acquisition time (5-10 seconds) with high quality imaging
while mobile CBCT has a longer image acquisition time
(30 seconds) with potentially lower imaging quality; cost
and lack of portability are barriers to fixed CBCT as
compared to mobile CBCT (10,15).

CBCT usage has been described with guided
bronchoscopy techniques such as ultrathin/thin
bronchoscopy (16,17), manual ENB (18-20) and ssRAB
(2,4,15). However, there has been minimal published data
regarding CBCT procedural specifics and radiation dose
when combined with ssRAB. We performed a single center,
observational prospective study to detail patient, nodule,
and procedural specifics using ssRAB combined with a fixed
CBCT for the evaluation of pulmonary lesions. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-587/rc).

Methods

"This was a prospective observational study of all consecutive
patients who underwent ssRAB procedures using the Ion
endoluminal system to sample pulmonary lesions between
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February 25, 2022 and March 8, 2023 at the University
of Texas Southwestern Medical Center (UTSW). Five
interventional pulmonologists performed the ssRAB
procedures. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by UT Southwestern Institutional Review
Board (No. STU-2021-0346) and individual consent for
this analysis was waived. Patients were included for analysis
if the procedure utilized CBCT with available radiological
data. Prospective data collection is ongoing.

Procedure

Our robotic bronchoscopy procedural technique has previously
been described (4) and CBCT was performed using a ceiling-
mounted system (Philips Allura FD20 platform with the
XperGuide software; Best, The Netherlands). All procedures
received onsite intraprocedural support from a dedicated
registered radiologic technologist [RT(R)]. The RT(R) used
clinical judgment to select pre-set system parameters for the
CBCT (8 second spin at normal, 50%, or 25% dose) and
fluoroscopy (low, medium, or normal) depending on the
patient’s body habitus and body mass index which can affect
image quality and clarity. The technician then performed
the CBCT spin (either at tidal volumes, end inspiratory
breath hold, or forced vital capacity maneuver, at the
discretion of the bronchoscopist). The bronchoscopist
reviewed the images and performed nodule segmentation
(Figures 1,2). The RT(R) also assisted during the procedure
by arranging augmented fluoroscopy for viewing the
segmented nodule with 2D fluoroscopy, adjusting the C-arm
for different fluoroscopic angles, and digitally zooming
fluoroscopic images during sampling. The settings were
at the discretion of RT(R). During r-EBUS use, catheter
adjustments, or sampling, fluoroscopy was utilized in either
a continuous or pulsed manner. All precautions were taken
to minimize radiation exposure to patients and staff per
standard radiation safety protocols. As an example, all staff
are asked to leave the room during a CBCT spin to reduce
radiation exposure with close visual and digital monitoring
of the patient.

Outcomes

Clinical data collected from medical records included
patient demographics, lesion characteristics, and procedural
specifics. The lesion location (central, middle, or peripheral)
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was determined using the concentric line pattern (21).
R-EBUS was documented as concentric, eccentric, or could
not be visualized as per the procedure report; the most
optimal view obtained during the procedure was recorded.

We recorded the use of advanced imaging during the
procedure, including the number of CBCT spins performed,
if the bronchoscopist subjectively reported significant CT-to-
body divergence affecting the procedure in their procedure
report, fluoroscopy time (F'1; in minutes), radiation dose in
cumulative air kerma (CAK; mGy), and cumulative dose area
product (DAP; Gy-cm®). We did not require confirmation of
tool in lesion on CBCT imaging.

Study data were collected and managed using REDCap
(Research Electronic Data Capture) electronic data capture
tools hosted at UT Southwestern Medical Center and
supported by CTSA Grant Number UL1 TR003163 from
the National Center for Advancing Translational Science
(NCATS), a component of the National Institutes of
Health (NIH). The content is solely the responsibility of
the authors and does not necessarily represent the official
views of the NIH. REDCap is a secure, web-based software
platform designed to support data capture for research
studies, providing (I) an intuitive interface for validated data
capture; (II) audit trails for tracking data manipulation and
export procedures; (III) automated export procedures for
seamless data downloads to common statistical packages;
and (IV) procedures for data integration and interoperability
with external sources (22,23).

Statistical analysis

We used descriptive statistics for the patient demographics,
nodules, and procedural characteristics. We report statistics
as counts and percentages, means with standard deviations,
and medians with ranges, where appropriate. Diagnostic
yield was calculated based on pathology and cytology
results at index bronchoscopy with no additional follow-
up information using method 2 as described by Vachani
et al. (24). Independent samples #-test was performed to
compare means. Binary logistic regression analysis was
performed to evaluate associations between procedure
factors and diagnostic yield. Statistical tests were two-
tailed, and a P value of <0.05 was considered statistically
significant. Analysis was performed using Microsoft Excel
2016 (Microsoft Corporation, Redmond, WA, USA) and
IBM SPSS Statistics for Windows, Version 28.0 (IBM
Corporation, Armonk, NY, USA).
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Figure 1 Nodule segmentation view with 9 mm right upper lobe nodule selected in coronal, sagittal and axial views. LAO, left anterior

oblique; AP, anterior to posterior; LR, left to right; FH, foot to head.

Figure 2 Three-dimensional reconstruction of segmented nodule
in relation to ssRAB catheter as viewed in LAO 45°. Image able
to be rotated real-time to visualize catheter-to-lesion positioning.
ssRAB, shape sensing robotic-assisted bronchoscopy; LAO, left

anterior oblique.
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Results
Patient and nodule characteristics

During the study period, 282 ssRAB procedures to biopsy
315 lung nodules were performed at our institution. Shape
sensing RAB with CBCT was used in 245 procedures to
biopsy 275 lung nodules. In our study, we included 241
ssRAB with CBCT procedures to biopsy 269 lung nodules
that had available radiological data in the analysis. Figure 3
details a flow chart for patient selection for inclusion.

The mean age was 67.8£10.7 years with a 56% female
predominance. 63.9% were either active or former smoking
tobacco users. In terms of nodule characteristics, the mean
lesion size was measured in three dimensions: anteroposterior
(18.0+£8.8 mm), transverse (17.2+10.5 mm), and craniocaudal
(17.7+10.2 mm) with a median size for largest dimension of
18.40 mm (interquartile range, 13.3-25.6 mm). Only 7.1%
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Study period: February 25, 2022
to March 8, 2023
282 ssRAB procedures to biopsy
315 lung lesions performed
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Excluded 37 procedures with ssRAB

only to biopsy 40 lung lesions

Excluded 4 procedures with ssRAB

Yes
Y

ssRAB + CBCT: 241 procedures to
biopsy 269 lung lesions included

CBCT used
No
Yes
Y
ssRAB + CBCT: 245 procedures
to biopsy 275 lung lesions
Y
Radiation data available
No

>+ CBCT to biopsy 6 lung lesions as
radiation data not documented

Figure 3 Flowchart with inclusion and exclusion of patients. ssRAB, shape sensing robotic-assisted bronchoscopy; CBCT, cone beam

computed tomography.

of nodules were centrally located, with 44.2% in the middle
portion of lung and 48.7% located peripherally. There was a
right lung predominance at 56.9%, with more nodules located
in the upper lobes (33.8% in right upper and 24.2% in left
upper). Most of the nodules were solid in appearance (85.1%).
Table 1 summarizes the patient and nodule characteristics.

Procedure characteristics

The total mean bronchoscopy procedure time from
the first scope in to the last scope out was 68+28.1
minutes, with the mean RAB portion being 49.2+22.1
minutes. Most procedures only sampled one lesion
(89.2%). When multiple lesions were sampled during the
procedure, the nodule location was unilateral in 10 cases
(38.5%) and bilateral in 16 cases (61.5%). One lesion was not
assessed via r-EBUS given concern for bleeding; otherwise,
the bronchoscopist utilized r-EBUS to obtain a concentric
view in 141 lesions (52.6%), eccentric view in 99 lesions
(36.9%), and were unable to visualize the lesion in 28 lesions
(10.4%). These numbers represent optimal imaging obtained
during the procedure and documented by the bronchoscopist.

© Journal of Thoracic Disease. All rights reserved.

Mediastinal assessment for staging using linear EBUS, if
indicated per bronchoscopist, was performed in 63.1%
procedures with mediastinal lymph node or lesion sampling
in 41.5% procedures. There was a low rate of complications
with eight cases of pneumothoraces (3.3%) with five (2.1%)
requiring chest tube placement. No significant bleeding
requiring specific additional interventions was observed.
Tible 2 summarizes the procedural characteristics.

CBCT characteristics

A mean of 1.5+0.7 (median: 1, range: 1-4) CBCT spins were
performed during these procedures. One CBCT spin was
performed in 148 procedures (61.4%). The mean total FT
was 5.6+2.9 minutes. Sixty-five lesions (24.2%) were visible
on conventional fluoroscopy. Mean radiation dose of CAK
was 63.5£46.7 mGy and mean DAP was 22.6+16.0 Gy-cm’.
Table 3 summarizes CBCT and fluoroscopic characteristics.
Based on subjective interpretation by the bronchoscopist,
as derived from the procedure note, 37 (15.4%) procedures
had significant CT-to-body divergence that affected the
procedure. Further comparison of patients with or without
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Table 1 Patient demographics and nodule characteristics Table 2 Procedure characteristics
Variables Values Characteristics Values
Patient demographics (n=241) Total bronchoscopy procedure time (min) 68+28.1
Age (years) 67.8+10.7 Robotic-assisted bronchoscopy procedure 49.2+22.1
Sex time (min)
Female 135 (56.0) Nodules biopsied during procedure
Male 106 (44.0) One 215 (89.2)
BMI (kg/m?) 27.16.5 wo 24(10.0)
Current or former tobacco smoker 154 (63.9) Three 2(08)
Nodule characteristics (n=269) Laterality of multiple nodules sampled
Lesion size dimensions (mm) Unilateral 10(38.5)
Anteroposterior 18.0+8.8 Bilateral 16 (61.5)
Transverse 1794105 Mediastinal assessment 152 (63.1)
Craniocaudal 1774102 Mediastinal sampling performed 100 (41.5)
Location Complications
Central 19(7.1) Pneumothorax 8 (3.3)
Middle 119 (44.2) Pneumothorax requiring chest tube 5(2.1)
Peripheral 131 (48.7) Data are presented as mean + standard deviation or n (%).
Lobe
Right upper 91 (33.8)

_ _ significant CT to body divergence was performed (Table 4).
Right middle 1901 Significant differences were noted in age, body mass index
Right lower 43(16.0) (BMI), and radiation doses between the groups. Lesion size
Left upper 65 (24.2) dimensions were not significantly different between groups.
Left lower 51 (19.0)

Lesion characteristic

Solid 229 (85.1)
Ground glass opacity 13 (4.8)
Mixed 27 (10.0)

Bronchus sign

Present 158 (58.7)
Absent 111 (41.3)
Spiculation 103 (38.3)
Utilization of radial endobronchial ultrasound 268 (99.6)

to assess nodule

Concentric view 141 (52.6)
Eccentric view 99 (36.9)
Unable to confirm 28 (10.4)

Data are presented as mean = standard deviation or n (%). BMI,
body mass index.

© Journal of Thoracic Disease. All rights reserved.

Diagnostic yield

At index bronchoscopy, 130 lesions (48.3%) had a
malignant diagnosis with 101 lesions (37.5%) with a specific
benign or non-specific benign diagnosis, with a calculated
diagnostic yield of 85.9%. Predictors of diagnostic yield
included positive bronchus sign with odds ratio (OR) 2.19
[95% confidence interval (CI): 1.09-4.4; P=0.03], and
lesion confirmation with r-EBUS with OR 4.21 (95% CI:
1.77-10.02; P=0.001). The diagnostic yield was 89.9% for
lesions with positive and 80.2% with negative bronchus
sign, 88.3% with visualization and 64.2% when unable to
visualize lesion on r-EBUS.

Among malignant diagnoses, 96 lesions (73.8%) were
lung cancer, 27 (20.8%) were metastatic disease, 6 (4.6%)
represented malignancy unable to be further identified, and
1 (0.8%) plasma cell neoplasm. Benign diagnosis included:
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Table 3 Cone beam CT and fluoroscopy characteristics

Characteristics Values
Cone beam CT spins performed 1.5+0.7/1 [1-4]
One 148 (61.4)
Two 70 (29.0)
Three 19 (7.9)
Four 4(1.7)

Significant CT-to-body divergence affecting the procedure

Yes 37 (15.4)

No 204 (84.6)
Total fluoroscopy time (min) 5.6+2.9
Target visible with fluoroscopy

Yes 65 (24.2)

No 204 (75.8)
Radiation dose

Cumulative air kerma (mGy) 63.5+46.7

Cumulative DAP (Gy-cm?) 22.6+16.0

Data are presented as mean =+ standard deviation or median
[range] or n (%). CT, computed tomography; DAP, dose area
product.

Styrvoky et al. Radiation dose of CBCT with robotic assisted bronchoscopy

acute or chronic inflammation (n=27, 26.7%), granuloma
without identified infection (n=23, 22.8%), organizing
pneumonia (n=15, 14.9%), mycobacterial infection (n=10,
9.9%), fungal infection (n=5, 5.0%), bacterial infection
(n=2, 2.0%), fibrosis/apical cap (n=6, 5.9%), interstitial lung
disease (n=6, 5.9%), lymphoid population (n=2, 2.0%), post
radiation changes (n=1, 1.0%), pulmonary infarct (n=1,
1.0%), pleomorphic adenoma (n=1, 1.0%), silicotic nodule
(n=1, 1.0%), lipoid pneumonia (n=1, 1.0%).

Discussion

This prospective observational study describes several key
radiographic characteristics related to the use of ssRAB
combined with CBCT in the evaluation of pulmonary
lesions. Evaluating 241 ssRAB procedures to sample 269
lung lesions at our institution revealed the mean total
FT was 5.6+£2.9 minutes with mean cumulative DAP
22.6+16.0 Gy-cm’. We describe the use of intraprocedural
support from an RT(R), which optimized settings, safety
and utilization of radiologic equipment during the
procedure. No prior mention of a dedicated radiologic
operator for CBCT in conjunction with bronchoscopy
has been reported to our knowledge. Most studies do not

Table 4 Comparison of factors between procedures with no or significant CT to body divergence reported

No significant CT to body

Significant CT to body

Variables divergence (n=204) divergence (n=37) P value
Age (years) 68.4+10.5 64.0+11.2 0.02
BMI (kg/m?) 26.7+5.7 30.5+8.0 <0.001
Cone beam CT spins performed 1.4+0.6 2.1+0.9 <0.001
One 138 10 -
Two 53 17 -
Three 11 8 -
Four 2 2 -
Total fluoroscopy time (min) 5.6+3.0 5.9+2.6 0.530
Radiation dose
Cumulative air kerma (mGy) 56.9+40.6 99.7+60.4 <0.001
Cumulative DAP (Gy-cm?) 20.4+15.0 34.6+16.8 <0.001

Data are presented as mean = standard deviation or n. CT, computed tomography; BMI, body mass index; DAP, dose area product.

© Journal of Thoracic Disease. All rights reserved.
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comment on the operator of the fluoroscopic or CBCT
equipment; Salahuddin et #/. reported that physicians
operated the mobile CBCT C-arm themselves during the
procedure (25).

We chose to report the metrics for CBCT radiation
dose in CAK and DAP (16,26). These metrics are reported
by the CBCT system after acquisition. CAK is defined
as the energy extracted from an X-ray beam per unit
mass of air in a small, irradiated air volume (Gy). DAP is
defined as the product of the dose and beam area (Gy-cm’),
which is measured using an ionization chamber placed
between the X-ray tube setup and the patient (27,28). As
a basis of comparison for radiation doses, a standard chest
CT uses DAP 40-60 Gy-cm’, and a chest radiograph in
posteroanterior (PA) and lateral views uses 0.1-0.3 and
0.3-0.9 Gy-cm’, respectively (27). There is a range of
conversion factors to determine estimates in effective
dose in mSv, but it is system specific and dependent on
anatomical location (29). As a result, it is difficult to make
dose comparisons between different systems and within
the literature. We can calculate a mean estimated effective
dose of 3.6 mSv per procedure using a conversion factor of
0.16 mSv/Gy-cm” (18).

Our data are comparable to the currently published
data regarding radiation dose during bronchoscopic biopsy
procedures combined with CBCT to sample pulmonary
lesions (16,18,25,30-32). Our radiation use may be
lower since we did not require a spin for tool in lesion
confirmation and utilized lower dose settings on the system
as able. Pritchett ez 4/. reported 75 patients who underwent
biopsy with CBCT guided ENB to sample 93 suspicious
lung nodules; the radiation dose in a representative subset
of 9 patients was total DAP per case 31£16 Gy-cm’ with an
average of 1.5 CBCT per procedure (18). DiBardino ez al.
reported that 116 patients who underwent CBCT combined
with r-EBUS and ultrathin bronchoscopy had a radiation
dose of DAP 76.025 Gy-cm’ (17). Verhoeven et al. described
their experience of 238 patients undergoing CBCT guided
bronchoscopy in which they undertook efforts at radiation
dose reduction during procedures over time from DAP
47.5 (effective dose: 14.3 mSv) to 25.4 Gy-cm’ (effective
dose: 5.8 mSv) (30). Reisenauer ez /. conducted a single-
center prospective pilot study of 30 pulmonary lesions
using a combination of mobile 3D imaging with CIOS
3D Spin Mobile (Siemens Healthineers, Malvern, PA,
USA) and ssRAB. They reported a mean number of spins
of 2.5 and DAP of 50.30+32.0 Gy-cm’ (15). Salahuddin
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et al. reported 51 patients who underwent ultrathin
bronchoscopy with r-EBUS and mobile CBCT use with
a median FT of 11.2 minutes, median number of CBCT
spins of 1 (range, 1-5), and mean DAP from total exposure
of 41.92 Gy-cm® (25). Here we report radiation use during
the use of ssRAB with fixed CBCT in the largest cohort to
date. Table 5 summarizes studies utilizing CBCT combined
with navigational bronchoscopy systems for the evaluation
of pulmonary lesions that reported radiation data and
highlights the variability in reporting (2,15,18,20,25,33-36).
We report a comparable diagnostic yield (85.9%) and
pneumothorax rate (3.3%) in our cohort.

Comparison to percutaneous lung biopsy procedures is
challenging given different advanced imaging modalities
are used for guidance including conventional CT (CCT),
CT fluoroscopy (CTF) and CBCT, with differences in
reported radiation dose that require conversion to effective
dose. A retrospective analysis of CBCT guided percutaneous
transthoracic lung nodule needle biopsies in 1,108 patients
reported the radiation dose was DAP 32.88 Gy-cm® with a
mean estimated effective radiation dose of 7.3+4.1 mSv (37).
A single center retrospective study comparing 35 CBCT
to 69 CCT guided lung biopsies showed similar radiation
doses (mean effective doses of 3.4+2.1 vs. 3.9+0.79 mSv) with
comparable outcomes (38). Yang et /. reported a decreased
effective radiation dose when performing CBCT virtual
navigation guided lung biopsy (7.6 mSv) as compared to CCT
guided lung biopsy (13.4 mSv) in a cohort of 217 consecutive
patdents (39). CTF as compared to CCT had similar radiadon
doses in a meta-analysis including nine studies with 6,998
patients (40). Based on the limited available data, there is
suggestion that radiation use in CBCT guided bronchoscopic
lung biopsies is comparable to percutaneous modalities.

Our study has several limitations. This single-center,
prospective observational study was conducted in an
academic center with multiple bronchoscopists with no
standardized procedural protocol. Generalizability may
be limited given availability and type of CBCT available
to bronchoscopists. We had availability of CBCT with
a dedicated RT(R) for every ssRAB procedure in our
dedicated interventional pulmonary room. During this study
period, we performed 282 ssRAB procedures with ~89%
utilizing CBCT. It has become routine and standard of care
for our patients to utilize these combined technologies.

CBCT radiation data was not routinely stored in the
electronic medical record at our institution during the
study period, and was manually collected immediately
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after the procedure. We did not record specific CBCT or
fluoroscopy settings for individual procedures. After review
of the data for this manuscript, we have since standardized
the dose exposure report to be uploaded to the electronic
medical record. CBCT usage varied in terms of timing
during procedure, but the first spin was typically performed
immediately after navigation, with subsequent spins after
additional catheter adjustment or to provide tool in lesion
confirmation if rapid onsite evaluation (ROSE) was non-
diagnostic. The bronchoscopist’s preference determined
if -EBUS probe or tools were extended during the
CBCT spin. Determination if a patient had significant
CT to body divergence that affected the procedure was
subjective and reported by the bronchoscopist in their
note with no additional calculations made in comparison
between pre-procedure and intra-procedural imaging.
Although subjective in this study, the determination of
significant CT to body divergence as compared to no
significant divergence was notable for higher patient BMI
and radiation doses (CAK and DAP). We feel that further
procedural standardization is possible at this point and can
be incorporated in future prospective data collection.

In addition, our patients may have higher total radiation
doses overall if we were to also include the radiation from
the pre-procedure CT scan; a procedural aspect that was
also not commented on by other studies to our knowledge.
Due to limited follow-up post bronchoscopy, we only
include biopsy results at time of index bronchoscopy;
diagnostic yield may change with further follow-up and
depending on calculation method used. We report a
diagnostic yield of 85.9% and pneumothorax rate of 3.3%
in our cohort. It is noteworthy that this yield was obtained
based on the recently published methodology for diagnostic
yield from bronchoscopic sampling by Vachani et 4/. at the
time of index bronchoscopy (24). This is compared to the
conventional diagnostic test accuracy methodology used in
our recent manuscript with a higher overall yield of 91.4%
with a negative predictive value of 81.3% and a sensitivity
of 87.3% (4).

Given the current integration of mobile 3D imaging
(CIOS 3D Spin Mobile) with ssRAB (41), bronchoscopists
will likely use advanced radiologic imaging modalities for
diagnostics and future therapeutics. In addition to the goal
of improved diagnostic accuracy, other potential benefits
with the use of CBCT combined with guided bronchoscopy
include reduced procedure or FT if it is easier to visualize
the catheter-to-lesion positioning and adjust as compared to

© Journal of Thoracic Disease. All rights reserved.
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other methods.

Compared with other procedural specialties, CBCT is a
technology for which bronchoscopists may have had limited
training or experience, with a potential additional learning
curve in adoption. The literature on advanced diagnostic
pulmonary procedures is less robust regarding acceptable
or standardized radiation use and best practices compared
to other specialties (42,43). Radiation exposure or dose has
not been routinely reported in the advanced diagnostic
bronchoscopy literature. As an example, the large multi-
center NAVIGATE trial only reported if fluoroscopy or
CBCT was used during the procedure without additional
specifics (44-46).

In terms of safety, the United States Nuclear Regulatory
Commission has established an annual occupational total
effective dose equivalent for the whole body of 5,000 mrem
(50 mSv) and requires all individuals who are likely to receive
a dose of more than 100 mrem (I mSv) to receive adequate
training (47). For comparison, the “average” American
receives about 620 mrem (6.2 mSv) per year from all
sources of radiation and a full body CT scan is 1,000 mrem
(10 mSv) (48). All staff at our institution who work in areas
with fluoroscopy or radiation are required to undergo yearly
training and wear radiation dosimeters to monitor exposure.
As these dosimeters are worn by the bronchoscopists
and staff for all procedures with ionizing radiation, they
represent doses for all pulmonary procedures, not just ssRAB
with CBCT, and this data is not included. Bronchoscopists
should be cognizant of radiation use during the procedure
and have a goal for “as low as reasonably achievable”
(ALARA) doses for both patient and staff safety (28).
Practices for ALARA include setting CBCT and
fluoroscopy to the lowest dose settings possible, utilizing
pulsed fluoroscopy when possible, and only performing
the minimum necessary runs of CBCT or fluoroscopy to
successfully and safely complete the procedure.

Conclusions

This prospective study adds to the current body of
literature describing radiation dose with the use of a specific
system fixed CBCT combined with ssRAB for biopsy of
pulmonary lesions. Additional prospective data, systems-
specific information and comparable studies are necessary
to establish a standardized acceptable radiation dose for
bronchoscopic procedures, with coordinated efforts to
reduce radiation exposure for patients and staff. Our study
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also raises questions regarding the potential role of a
dedicated registered radiologic technologist, RT'(R) during

bronchoscopic procedures.
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