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Feasibility of a prototype carbon nanotube enabled stationary
digital chest tomosynthesis system for identification of pulmonary
nodules by pulmonologists
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Background: Screen detected and incidental pulmonary nodules are increasingly common. Current
guidelines recommend tissue sampling of solid nodules >8 mm. Bronchoscopic biopsy poses the lowest
risk but is paired with the lowest diagnostic yield when compared to CT-guided biopsy or surgery. A need
exists for a safe, mobile, low radiation dose, intra-procedural method to localize biopsy instruments within
target nodules. This retrospective cross sectional reader feasibility study evaluates the ability of clinicians
to identify pulmonary nodules using a prototype carbon nanotube radiation enabled stationary digital chest
tomosynthesis system.

Methods: Patients with pulmonary nodules on prior CT imaging were recruited and consented for imaging
with stationary digital chest tomosynthesis. Five pulmonologists of varying training levels participated as
readers. Following review of patient CT and a thoracic radiologist’s interpretation of nodule size and location
the readers were tasked with interpreting the corresponding tomosynthesis scan to identify the same nodule
found on CT.

Results: Fifty-five patients were scanned with stationary digital chest tomosynthesis. The median nodule
size was 6 mm (IQR =4-13 mm). Twenty nodules (37%) were greater than 8 mm. The radiation entrance
dose for s-DCT was 0.6 mGy. A significant difference in identification of nodules using s-DCT was seen for
nodules <8 vs. >8 mm in size (57.7% vs. 90.9%, CI: -0.375, -0.024; P<0.001). Inter-reader agreement was
fair, and better for nodules >8 mm [0.278 (SE =0.043)].

Conclusions: With system and carbon nanotube array optimization, we hypothesize the detection rate
for nodules will improve. Additional study is needed to evaluate its use in target and tool co-localization and

target biopsy.
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Introduction

Lung cancer screening is associated with a 20% decreased
risk of lung cancer mortality by shifting toward earlier stages
at diagnosis (1,2). Lung cancer screening and increasing
use of chest computed tomography (CT) continues to
result in increasing detection of peripheral lung nodules
(PLN) (3). Current guidelines recommend tissue sampling
of solid nodules >8 mm based on an increase in risk from
0.5-2% for nodules <8 mm to >3% for those >8 mm (4,5).
Surgical resection (SR) remains the gold standard for
definitive diagnosis and cure for nodules 8 mm to 7 cm,
however is associated with postoperative complication rates
of 14.9-29.1% for video assisted thoracoscopic surgery vs.
25.1-47.8% for open thoracotomy (6). Given that >90% of
CT detected nodules are benign, recommendations state
that intermediate risk patients and poor surgical candidates
should undergo minimally invasive sampling prior to
definitive management (7). Bronchoscopic biopsy of PLN
has an acceptably low procedural risk, but remains plagued
by low diagnostic yields (8-11). The gap between lesion
localization and diagnosis is increasingly recognized as
related to a lack of real time confirmation of tool to nodule
co-localization (12,13). A need exists for a safe, mobile, low
radiation dose intra-procedural method to co-localize biopsy
instruments to target nodules.

Single projection radiographs and single or bi-plane
fluoroscopy have offered little utility in defining the 3-D
co-localization of biopsy tool to nodules (14-16). While CT
offers multiplanar 3-D information, its size, radiation dose
(~1.5 mSv for an average sized patient in a low-dose chest
CT protocol), and cost significantly limits its utility (17).
Cone-beam CT (CBCT) has been investigated for
intraoperative imaging and employs a large area detector
that results in a lower radiation dose compared to fan-beam
helical scanners but suffers from lower image quality and
artifacts near the field of view edge (18-22). Current CBCT
systems lack respiratory gating capabilities, require ~180°
mechanical X-ray source and detector rotation around the
patient with typical scan times of ~30 s, and require the
procedure room to be vacated during scanning times (19).
Reported mean radiation doses for augmented fluoroscopy-
CBCT procedures for PLN bronchoscopy are ~3-3.7 mSv
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(2 mSv per CBCT scan) (23,24). The physical footprint,
cost, and radiation exposure related to CBCT may be
prohibitive in many bronchoscopy practices.

Tomosynthesis is a 3-dimensional imaging technique
providing reconstruction planes from a limited-angle
series of projection images (Figure 1) (25,26). Previous
studies of tomosynthesis have demonstrated its ability to
deliver fast, low dose, and high-quality images (25,27-30).
The technique provides excellent landmark localization
with high spatial orientation of lesion and adjacent vital
structures. Commercially available conventional Digital
Chest Tomosynthesis (c-DCT) systems collect X-ray
projection images by mechanically moving a single X-ray
source to different viewing angles. A typical DCT scan
uses ~60 projections over 30° in 10 seconds (31-33). The
projections are digitally reconstructed into image “slices”
with high in-plane resolution, and significantly lower
radiation dose compared to CT.

Conventional DCT has been investigated for
intraoperative imaging (34,35). Prior studies have reported
that ¢-DCT provides near-real-time images of surgical and
peripheral lung targets and related structures at an effective
radiation dose of 0.13 mSy, an order of magnitude less than
typical diagnostic CT (1-4 mSv) (35-37). Use of ¢-DCT
can result in an effective dose reduction of 2 mSv per
procedure (0.7 mSv with ¢-DCT ws. 2.7 mSv with CT) (38).
These studies utilized a single X-ray source on a moving
gantry, resulting in scan times ~10 sec. Similar to CBCT,
c-DCT has been difficult to incorporate as a procedural
imaging platform as the cost and size can limit device access
for bronchoscopists.

We present here a reader feasibility study of
retrospectively reviewed images created by a novel,
prototype carbon nanotube (CNT) X-ray source enabled
stationary digital chest tomosynthesis system (s-DCT).
The system was previously shown to have an entrance dose
of 0.6 mGy; comparable to standard chest X-ray systems
(0.31 to 0.88 mGy) and ¢-DCT systems (0.31 to 1.27 mGy)
(28,39,40). We hypothesize that pulmonology clinicians
can identify CT detected nodules using the prototype
s-DCT system with high confidence and inter reader
agreement. The system has the following technical features:
(I) stationary X-ray source and detector, (II) low radiation
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Figure 1 Top panel: series of Tomosynthesis images obtained with the novel stationary digital chest tomosynthesis system. Bottom panel:

series of coronal slices from a CT of the same patient. Arrow heads = solid pulmonary nodule.

dose, (III) rapid scan times of <2 s; (IV) high in-plane
(<1 mm) resolution; (V) the ability to operate in biplane
mode of localization; and (VI) compact, portable design
(41,42). The current study serves as a feasibility assessment
for pre-procedural nodule detection by proceduralists
as clinical background data for ongoing preclinical
optimization and development of an s-DCT based real time
transbronchial biopsy guidance system. We present the
following article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-21-1381/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
is compliant with the Health Insurance Portability and
Accountability Act, approved by the University of North
Carolina at Chapel Hill (UNC) Institutional Review Board
(No. UNC IRB 13-3345), and the data was obtained as
part of a registered Clinical Trial at ClinicalTrials.gov
(NCT02075320). Written and oral informed consent was
obtained from each subject.

© Journal of Thoracic Disease. All rights reserved.

Patient population, inclusion and exclusion criteria

Patients with PLN identified on CT undergoing follow-
up imaging were recruited through collaboration with the
UNC Multidisciplinary Thoracic Oncology Program for
involvement in a clinical trial to assess the sensitivity of
s-DCT detection of lung nodules for lung cancer screening
follow up. Inclusion criteria included a CT scan within a
4-week period of enrollment, age >18 years of age, and no
interval thoracic procedures. Exclusion criteria included
pregnancy, prior thoracic surgery, and body mass index (BMI)
greater than 33. The CT scans were obtained per routine
clinical care at UNC Hospital, and the s-DCT images were
obtained at the UNC-CH Biomedical Research Imaging
Center on a volunteer basis after informed consent within
4 weeks of the clinical CT scan. The images were obtained
from February 2014 to August 2016 and the current reader
study data was gathered from July 2018 to June 2019 as a
post-hoc analysis of the clinical trial.

s-DCT reader study

Three board-certified interventional pulmonologists,
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Stationary Chest Tomosynthesis Nodule Localization Reader Study

Study CS-01

Reader #
Date

Radiologist Nodule Report: 12.6 mm RML pure solid, round nodule. Slice 3IMA43

Reader views the CT (circle the number that most closely matches your evaluation)
1. Confidence in identification of reported lesion on CT scan:

1 2

3 4 5

Definitely no
lesion

Probably no
lesion

Equivocal Probably lesion | Definitely lesion

Reader views the Tomosynthesis (circle the number that most closely matches your

evaluation)

2. Confidence in the presence of a lesion on Tomosynthesis:

1 2 3 4 5
Probabl Definitel
Definitely no Probably no Equivocal uImonay uIrrlmoInay
lesion lesion quiv P X Y P X Y
lesion lesion

If the confidence rating is 3 or greater (3,4 or 5):

3. Confidence that the lesion on Tomosynthesis represents the same lesion seen on
CT scan: (circle the number that most closely matches your evaluation)

1 2

3 4 5

Definitely not
same lesion

Probably not
same lesion

Probably same
lesion

Definitely same

Equivocal .
lesion

Figure 2 Example of reader score sheet with radiologist nodule report.

one interventional pulmonology fellow, and one general
pulmonology fellow performed the retrospective cross-
sectional reader studies. This was the first experience with
DCT for each reader and they were blinded to all clinical
data. In order to avoid inter-reader nodule selection bias, an
independent board-certified thoracic radiologist reviewed
and provided a standardized read of each CT scan, including
nodule size, location and CT slice number, characteristics,
and presence of emphysema. The readers were instructed
to identify only the nodule noted on the radiologist’s
interpretation in order to reduce variability of nodules
identified as multiple cases had multiple nodules. Images
were reviewed on an offline workstation with medical-
grade 3-megapixel picture archiving and communication
system (PACS) monitors. Readers reviewed the s-DCT
images and their corresponding CT scans in the axial and
coronal planes. Standard image software evaluation tools
(magnification, window/leveling) were available.
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The readers evaluated each CT scan and report (Figure 2),
then recorded their ability to recognize the radiologist
reported nodule on CT scan. Following this, the readers
attempted to identify the same nodule on the s-DCT
image stack. The readers were permitted to compare both
modalities as many times as necessary to adequately answer
the question. The reader’s ability to identify a nodule on
s-DCT was self-reported on a Likert scale of 1 (poor) to 5
(high). The reader’s confidence that the nodule identified
on s-DCT was the same as that identified by the radiologist
on CT scan was reported on a similar scale of 1 to 5.

s-DCT and CT imaging systems

CT studies were performed on conventional 64 slice clinical
CT systems, and presented for review in 3 mm coronal
slices when available. Otherwise, axial 5 mm slices were
presented for review.
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29 cm with a 12°
angular span

130 cm—

X-ray detector panel

35 cm x 43 cm

CNT source
array

N

Detector

Figure 3 Prototype s-DCT system used in this study. (A) Diagram
of the s-DCT system. (B) Photo of the s-DCT system. s-DCT,
stationary digital chest tomosynthesis; CN'T, carbon nano tube.

The s-DCT system is based on a linear CNT X-ray
source array, combined with a commercially available high-
speed digital X-ray detector. The imaging system consists
of a CNT X-ray source array with a linear cathode pixel
array, which consists of 75 available X-ray sources across
29 cm, of which 29 sources were utilized for the study.
The tube’s high voltage acceleration limit was 80 kVp. The
anode consists of a tungsten target with an exit window with
2.5 mm of aluminum filtration. The imaging setup uses a
source to detector distance of 130 cm to achieve a 12-degree
angular coverage (Figure 3).

The measured focal spot size was 2.5 mm by 0.5 mm
(27,28). The flat panel silicon detector measures 35 cm by
43 cm with a 139 mm pixel size and acquisition rate of 10 fps.
The system resolution was 1.7 cycles/mm in scan direction
and 3.4 cycles/mm in the perpendicular direction. The
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entrance radiation dose for adult patients is 0.6 mGy (43).

s-DCT image reconstruction

The acquired projection data was reconstructed using
Adapted Fan-beam Volume Reconstruction with custom
code written in Matlab (Mathworks, Inc., Natick, MA,
USA). The method is optimized for the linear source array
and transforms the 3D cone-beam reconstruction into a
series of 2D fan-beam volume reconstructions with DCT
slice thickness of 3 mm in the coronal direction (43).

Statistical analysis

Statistical analysis was performed using SAS Version 9.4
(Cary, NC, USA) software. As a retrospective cross sectional
feasibility reader study, a power analysis was not created
given the lack of a comparator arm. A mixed effects logistic
regression model was used to correlate results within
readers as a G-side random effect and correlated within the
same nodules as an R-sided compound symmetric random
effect. For the multivariate analysis, the 90™ percentile,
median, and 10™ percentile size were used to predict
probability of nodule identification. Fleiss’ kappa statistic
was used to assess reader agreement for all nodule sizes,
nodules <8 mm, nodules >8 mm, according to training level,
and according to number of tomosynthesis images analyzed.
The bootstrapping method was used to derive standard
errors for the kappas to conduct statistical tests of equality.

Results

Fifty-five patient CT scans and accompanying s-DCT
scans were utilized in this study. The mean and median
nodule size was 9.5 and 6 mm (IQR 25-75=4-13 mm; SD
=+8.43 mm), respectively. The 90" percentile of size was
19mm and the 10™ percentile was 3 mm (Zible 1). Twenty
(37%) nodules were greater than 8mm in size. Twenty-nine
(52.7%) nodules were located in the upper lobes. Regarding
nodule characteristics: 45 were pure solid (81.8%), 5 were
pure ground glass opacities (GGO) (9%), 2 were mixed
solid-GGO (3.6%), and 3 were cavitary (5.5%). Emphysema
was present in 27 (49.1%) scans (Table 2).

Factors of nodule identification

The unadjusted probability for identification on s-DCT
was 68.4%. For nodules >8 mm, the unadjusted probability
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Table 2 Distribution of computed tomography scan nodule

range characteristics
Nodule size mm (SD) Scan/nodule characteristic (N=55) N (%)
Mean 9.50 (1.07-17.93) Parenchyma
IQR Emphysema 27 (49.1)
Minimum 2 No Emphysema 28 (50.9)
25th quartile 4.00 Size
Median 6.00 >8 mm 20 (37.0)
75th quartile 13.35 <8 mm 34 (63.0)
Maximum 43.10 Location
1Q range 9.35 RUL 15 (27.3)
Percentile RML 7(12.7)
10th percentile 3.00 RLL 8 (14.6)
Median 6.00 LUL 14 (25.5)
90th percentile 18.94 LLL 10 (18.2)
IQR, interquartile range; SD, standard deviation Lingula 1(1.8)
Central 23 (41.8)
for identification was 85.7% compared to 57.7% for those Peripheral 32(58.2)
<8 mm in size. When adjusted for location, pure solid, Characteristic
mixed GGO, pure GGO, and nodule appearance, the Pure Solid 45 (81.9)
probability for identification of nodules >8 mm was
o o Pure GGO 5(9.1)
90.9% compared to 56.7% for <8 mm (CI: -0.375,
-0.024; P<0.001). In multi-variate analysis, predictors Mixed 2(3.6)
of identification included increasing nodule size and if Cavitary 3(5.5)
Fhe nlocllule. was pure sohd.. The pre(glcted pr9bab1hty for Spiculated 12 21.8)
identification of nodules in the 90 percentile (19mm),
. th . th . Round 34 (61.8)
median/50" percentile (6 mm), and 10™ percentile (3mm)
of was 94.4%, 63.1%, and 50.7% respectively (P=0.0021). Lobulated 6(10.9)

Pure solid nodules had an odds ratio for identification of
7.93 (95% CI: 2.31, 27.28), compared to mixed GGO and
pure GGO with odds ratio of 0.063 (95% CI: 0.006, 0.638)
and 0.104 (95% CI: 0.020, 0.553) respectively.

There was no significant difference in identification
based on laterality, or lobar distribution; regardless of
nodule size >8 mm (P=0.60). Central vs. peripheral location
did not affect identification for either >8 mm (P=0.84) or
<8 mm (P=0.56). Similarly, the presence of emphysema on
the CT scan did not affect nodule identification (7zble 3).

Reader agreement comparison

Inter-reader agreement was fair for confidence to identify
nodules on s-DCT (“identification”) with a Fleiss’s kappa

© Journal of Thoracic Disease. All rights reserved.

RUL, right upper lobe; RML, right middle lobe; RLL, right lower
lobe; LUL, left upper lobe; LLL, left lower lobe; GGO, ground
glass opacity.

value of 0.197 (SE =0.022) and confidence in the nodule
identified on s-DCT being the same as that described on
CT scan (“same”) was marginally poorer, with a Fleiss’
kappa value of 0.137 (SE =0.025). Inter-reader agreement
for “identification” improved but remained fair for nodules
>8 mm with kappa values of 0.278 (SE =0.043). The kappa
was also improved for “same” in nodules >8 mm at 0.182
(SE =0.046). Agreement was poor for nodules <8 mm with
kappa values of 0.071 (SE =0.030) and 0.052 (SE =0.035) for
“identification” and “same”, respectively (Table 4).
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Variable Adjusted probability of Identification (%) 95% ClI P value
Univariate analysis
Size
=8 mm 90
<8 mm 56.7 <0.001
Location
RUL 68.7 [46.5-84.8]
RML 81 [62.6-94.2]
RLL 80.7 [64.1-93.7]
LUL 57.7 [35.6-77.1]
LLL 69.3 [43.7-86.7]
Central 70.3 [51.1-84.3]
<8 mm
>8 mm
Peripheral 86.1 [50.3-81.9]
<8 mm
>8 mm
Emphysema present?
Yes 72.9 [64.8-85.7]
No 65.6 [46.9-80.5]
Multivariate analysis
Size
90" %ile (19 mm) 94.4
Median (6 mm) 63.1
10" %ile (3 mm) 50.7 0.0021
Radiographic consistency Odds ratio
Solid 7.93 [2.31-27.28] 0.001
Mixed solid/GGO 0.063 [0.006-0.0638]
Pure GGO 0.104 [0.020-0.533]

RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; GGO, ground glass opacity;

Cl, confidence interval.

Discussion

Bronchoscopic approaches to biopsy of peripheral and
small nodules (<2 c¢m) are associated with low diagnostic
yields and poor negative likelihood ratios despite reports
of high rates of nodule localization with radial ultrasound

(44-46). Such a discrepancy during guided bronchoscopy

© Journal of Thoracic Disease. All rights reserved.

may be due to CT-to-body divergence/registration error, a
deficiency in currently available biopsy tools, and/or lack of
real time confirmation of intraprocedural tool location. We
have developed a novel carbon-nanotube s-DCT system
that can create images on par with c-DCT systems in terms

of radiation dose, scan times, and image quality without
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Table 4 Inter reader agreement with Fleiss’s kappa value and standard error in parenthesis

Variable Identified? Same?

Size Kappa (SE) %Agree (%1-off) Kappa (SE) %Agree (%1-off)
All 0.197 (0.022) 10.9 (29.1) 0.137 (0.025) 1.8(3.6)

<8 mm 0.071 (0.03) 0(11.7) 0.052 (0.035) 2.9 (5.9)

>8 mm 0.278 (0.043) 28.6 (57.1) 0.182 (0.046) 0(0)

SE, standard error.

the need for a moving gantry. We hypothesize that this
technology can be used for real time bronchoscopic lung
nodule biopsy guidance and tool localization. Potential
advantages to using an s-DCT image based navigation and
real time confirmation system are: (I) a decrease in radiation
dose without sacrificing image quality, (II) decrease in scan
time, and thus procedural times, (III) no need to clear the
procedural room at the time of scanning, and (IV) smaller
physical footprint, decreasing procedural suite crowding.
First, we seek to show the feasibility for the system
to identify the nodules for procedural guidance. In our
study, we attempted to recreate a clinical scenario similar
to what a proceduralist would encounter when evaluating
a patient for potential biopsy of a PLN: starting with
identification of a CT detected nodule in a patient assumed
to be at high risk for lung cancer (for the purposes of this
study), then evaluating the s-DCT images in an effort to
identify the PLN seen on CT, with the hypothesis that
the s-DCT images would be adequate for a proceduralist
to identify, at a high rate, nodules that would be potential
targets for biopsy. In our model, we found that the rate of
identification of clinically significant nodules (defined by
Fleischner society guidelines as >8 mm in intermediate-high
risk patients) was significantly higher than those <8 mm
(>90% vs. 57%) (5). When evaluating the effect of nodule
radiographic consistency (solid vs. mixed-solid/GGO)
on reader s-DCT identification, pure solid nodules were
nearly 8 times more likely to be identified. These data
suggests that the novel s-DCT system represents a feasible
modality for the peri-operative identification of nodules.
The cutoff point of 8mm was used in the analysis due to
society guidelines for consideration of biopsy >8 mm and
the increased risk of cancer at that inflection point (4). In
clinical practice, PLN <8 mm are rarely targets of biopsy,
except in very high lung cancer risk patients, or evaluation
for metastasis. Nodules <8 mm made a majority of our data
set, owing to the original purpose of evaluating s-DCT as

© Journal of Thoracic Disease. All rights reserved.

an alternative to CT scan for lung nodule detection. The
preponderance of smaller nodules helped to eliminate scan
selection bias giving a more accurate rate of detection across
nodules sizes. However, the same preponderance of small
nodules may have contributed to the overall poor inter-
reader agreement. The rate of detection and inter-reader
agreement on s-DCT may be higher when the median
nodule size is >8 mm, as is encountered in clinical practice
when targeting PLN for biopsy. A prospective study
utilizing the same prototype system is underway to evaluate
the identification nodules that are clinically targetable for
biopsy.

The inter-reader agreement was better for identification
of the nodule on CT scan than on s-DCT, which was
expected, given familiarity with interpreting CT as opposed
to s-DCT images. Nodule size appeared to be a major
driver of inter-reader agreement as nodules >8 mm were
agreed upon with a higher frequency than those <8 mm.
For confidence in detecting the same nodule on s-DCT as
on CT scan, inter-reader agreement was poor, indicating
that the readers’ confidence in what they were observing
compared to the CT scan was not uniform. This may be
explained by a combination of a prototype s-DCT system
not optimized for thoracic imaging, and a lack of familiarity
with the imaging modality. An adequate training data set for
interpreting lung s-DCT images has not been developed,
nor has a learning curve been established. These would be a
topic of further research.

One limitation of our study is the prototypical nature
of the s-DCT system used and the specific carbon-
nanotube X-ray tube that has not been optimized for the
spatial distinction of specific focal areas of interest. For
example, at the time of the study, the tube was limited to
80 kVp, whereas conventional X-ray based chest imaging is
performed at 120 kVp. However, this is not a fundamental
limitation of the CNT technology, and higher energy
X-ray tubes are now available and are being studied by
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our group in a large animal study as previously mentioned
(47). This may explain the poor performance of the system
in identifying sub-solid lesions (7zble 3). Additionally, as a
feasibility study for target nodule identification, this study
does not address intra-procedural changes that may affect
ongoing nodule discrimination from procedurally induced
artifacts such as localized bleeding, atelectasis, mucous
plugging, however it is encouraging that the vast majority
of clinically actionable nodules were identifiable with an
acceptable inter-reader agreement. Plus, the quality and
clarity of the s-DCT images were not assessed or compared
between readers. This is a point of potential future study
as the s-DCT system is further optimized and approaches
clinical trials. An increase in angular span from the 12° to
a more standard 30-60° angular span would be expected
to result in both improved depth of resolution and spatial
differentiation, thereby improving the ability to resolve
lesions from background lung parenchyma and potential
procedure induced artifacts (26). Our data is consistent
with a previous study of traditional c-DCT systems with
higher angular spans (>20°) that achieved detection rates
of 90% for nodules >10 mm, 71% for nodules 5-10 mm,
and 53% for nodules 3-5 mm (nodules ranging from 3.5
to 25.5 mm and a mean of 7.3 mm) (48); suggesting that an
s-DCT system with a greater angular span could further
improve intra-procedural detection of clinically actionable
lung nodules. A fully clinically adapted system would be
comparable to CBCT and commercially available c-DCT
systems that utilize 120 kVp, and would be paired with a
computerized navigational system relying solely on the
s-DCT images, replacing additional planning CT scans,
potentially further limiting overall radiation doses. Ongoing
preclinical animal studies using an optimized 45° angular
span X-ray source using 120 kVp seeks to develop a same
day, intraprocedural bronchoscopic lung nodule biopsy
guidance system that does not require clearing of the
procedure room for scanning, creates images for navigation
planning at the time of the procedure, and allows for real-
time tomosynthesis guidance of biopsy tool location.

Further limiting the real word generalizability of the
current study is the exclusion of patients with BMI >33.
This criteria was due to the decreased X-ray penetration and
image degradation in obese patients at lower X-ray energies,
such as the 80 kVp used by current prototype tube (49).

This study suggests that s-DCT may represent a feasible
modality to identify nodules being considered for biopsy.
Further study is required with an optimized s-DCT system
to determine the feasibility in obese patients and for
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intraprocedural tool to lesion co-localization and improved
lesion discrimination from background lung parenchyma
and procedure related artifacts.
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