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Abstract
Background: Digital fluoroscopic tomosynthesis-guided 
electromagnetic navigational bronchoscopy (F-ENB) is a 
novel adjunct to ENB associated with higher diagnostic yield. 
The likelihood of F-ENB allowing accurate placement of a bi-
opsy needle within a target remains unclear. Objective: This 
study intends to determine the accuracy of F-ENB as con-
firmed by cone-beam computed tomography (CBCT) scan. 
Methods: Patients undergoing CBCT-assisted ENB for lung 
nodule biopsy were prospectively enrolled. ENB was per-
formed followed by digital tomosynthesis correction. Once 
optimal F-ENB alignment was achieved, and a needle was 
advanced into the expected location of the nodule followed 
by CBCT. The primary outcome was the percentage of “nee-
dle-in-lesion” hits, defined as needle tip within the nodule in 
3 planes. Secondary outcomes were diagnostic yield, proce-
dure and room time, complications, radiation, and distance 
between the needle tip and nodule. Results: Twenty-six pa-
tients with a total of 29 nodules were enrolled. Mean nodule 

size was 13 mm (±4 mm) in maximal axial dimension, 83%  
(n = 24) were located in the peripheral third of the chest, and 
17% (n = 5) had a bronchus sign. F-ENB guidance resulted in 
needle-in-lesion in 21 of 29 nodules (72%). Mean needle tip-
to-nodule distance for nonhits was 1.75 mm (±1.35 mm). 
There were no complications. Conclusion: F-ENB resulted in 
a needle-in-lesion biopsy in greater than 70% of nodules de-
spite features traditionally associated with poor diagnostic 
yield (size, absence of bronchus sign). Mean distance be-
tween needle tip and target for nonhits was less than 2 mm. 
These data suggest F-ENB alignment is accurate for small pe-
ripheral nodules. © 2021 S. Karger AG, Basel

Introduction

Lung nodules represent a significant clinical problem 
for patients and clinicians. They are common, often be-
nign, but anxiety-provoking as they may represent the 
earliest stages of lung cancer. Two large randomized con-
trolled trials have demonstrated significant reduction in 
lung cancer mortality with low-dose chest computed to-
mography (CT) screening of high-risk individuals [1, 2]. 
As screening increases, the identification of indetermi-
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nate lung nodules is expected to rise, and with it the need 
for safe and effective biopsy techniques. The currently 
available minimally invasive biopsy modalities, CT-guid-
ed transthoracic needle biopsy (TTNB) and bronchosco-
py, both have significant limitations. TTNB has tradition-
ally been considered the gold standard due to the high 
diagnostic yield exceeding 90% in many studies [3]. How-
ever, complications are common with TTNB, including 
pneumothorax in 15–25% of cases and significant bleed-
ing in 1–3% [3–5]. In addition, unlike bronchoscopy, 
TTNB does not allow for simultaneous biopsy of multiple 
nodules or mediastinal staging. Electromagnetic naviga-
tional bronchoscopy (ENB) is safer, with rates of pneu-
mothorax approximately 3% and bleeding 1.5% but has 
been associated with disappointingly low diagnostic yield 
ranging from 40 to 70% [6–9].

Traditional ENB relies on pre-procedure CT scan to 
create a virtual tracheobronchial tree and a pathway to the 
target. However, the position of this virtual target, based 
on a CT scan at full inspiration in an awake spontane-
ously breathing patient, obtained weeks to months prior 
to the procedure, often differs from the actual position of 
the nodule in the anesthetized patient during bronchos-
copy, a problem called CT-body divergence [10]. This has 
been frequently cited as a major limitation in the diagnos-
tic yield of ENB [11].

Correction of traditional ENB using digital fluoro-
scopic tomosynthesis, or F-ENB, allows the bronchosco-
pist to make an intraprocedural correction for CT-body 
divergence. After navigation to the target nodule based 
on pre-procedure CT data, a conventional 2-dimensional 
(2D) C-arm fluoroscope is slowly swept through a 50-de-
gree oblique arc while high-frequency fluoroscopic im-
ages are recorded. Digital tomosynthesis performed on 
the captured images provides a 3-dimensional recon-
struction of the region of interest. The current location of 
the target nodule and catheter tip locations are marked by 
the proceduralist. This information updates the location 
of the target as projected on the navigation console, al-
lowing the bronchoscopist to adjust and direct the cath-
eter more precisely toward the nodule’s current location. 
Aboudara et al. [12] recently demonstrated improved di-
agnostic yield of F-ENB compared to traditional ENB 
with no increase in complications. This technique may be 
particularly useful with smaller nodules and without a 
bronchus sign. However, it remains unclear if F-ENB 
alone is sufficient for optimal biopsy tool alignment or if 
it simply positions an expert operator close enough to op-
timize alignment using other tools such as radial probe 
endobronchial ultrasound (REBUS).

Cone-beam CT (CBCT) consists of an X-ray source 
which emits a cone-shaped beam opposite a flat panel de-
tector. The images acquired are three-dimensional com-
puter reconstructions of the data gathered during a 180° 
spin of the X-ray source and detector around the patient 
(Fig. 1).

The images allow the operator to confirm the biopsy 
instrument is within a nodule in axial, coronal, and sagit-
tal planes (“needle-in-lesion”). There has been interest in 
CBCT bronchoscopy and its potential to improve bron-
choscopic diagnostic yield [13, 14]. In this study, we 
sought to determine the accuracy of F-ENB as confirmed 
by intraoperative CBCT imaging.

Methods

Subjects
This was a prospective cohort study of consecutive patients re-

ferred for CBCT-assisted ENB at a single center. This study was 
approved by the Vanderbilt University Medical Center Institu-
tional Review Board (Vanderbilt IRB #191443) as part of a quality 
improvement project collecting data on the impact of CBCT on 
bronchoscopy outcomes.

Fig. 1. Graphic demonstrating principles of CBCT. The X-ray 
beam source is located on the patient’s left with a flat panel detec-
tor to the right. The 2 rotate opposite 1 another in a 180° spin 
around the patient, while 2D projection images are acquired. The 
data gathered from the spin are used for tomographic reconstruc-
tion of a high-resolution image volume that can be viewed in cor-
onal, axial, and sagittal multi-planar reconstructions. (Image cour-
tesy of Philips). CBCT, cone-beam computed tomography.
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Procedure
All procedures were performed in a hybrid operating room 

equipped with Philips Allura FD20 biplane system with Lung Suite 
Software (Phillips, Amsterdam, Netherlands), SuperDimensionTM 
iLogic 7.2 ENB platform (SuperDimensionTM, Medtronic, Minne-
apolis, MN, USA), and a portable GE 9900 fluoroscopy C-arm (GE 
Healthcare, Chicago, IL, USA). A long sliding table allowed us to 
slide patients from under the C-arm to the biplane system with 
minimal interruption. All subjects received general anesthesia and 
neuromuscular blockade. A recruitment maneuver was performed 
immediately after intubation; fraction of inspired oxygen was min-
imized while maintaining SpO2 above 90% to minimize absorption 
atelectasis, positive end-expiratory pressure was maintained at 15 
cm H2O, and lung-protective tidal volumes were used.

Technique
First, standard ENB was performed as previously described 

[12]. Following the initial navigation, a REBUS probe was inserted 
through the extended working channel (EWC). The locatable 
guide was reinserted and a 50° sweep was performed with the C-
arm [12]. Using digital tomosynthesis, high-resolution images of 
the nodule are generated, and the true nodule location is marked. 
Alignment was then optimized based on the new target on the ENB 
platform, and REBUS was again used. A 21-gauge ArcpointTM Pul-
monary Needle (Medtronic, Minneapolis, MN, USA) was then ad-

vanced via the EWC into the expected location of the nodule. This 
process is explained in greater details in our original Aboudara et 
al. [12] publication. The C-arm was removed, and the bed was po-
sitioned under the Philips Allura system. A breath hold was initi-
ated with positive end-expiratory pressure at 20 cm H2O, and 
CBCT image acquisition using XperCT abd/thorax roll protocol 
was performed. The nodule was then segmented using Lungsuite© 
software. During segmentation, if the needle appeared to be with-
in the nodule in all 3 planes, the biopsy was considered a successful 
“needle-in-lesion” hit (Fig. 2, 3).

During subsequent fluoroscopy, 3D roadmap© (Philips, Am-
sterdam, Netherlands) was utilized to generate an augmented flu-
oroscopy overlay of the nodule on live 2D fluoroscopic images. 
The operator was then allowed to adjust the EWC as desired to 
obtain diagnostic material, and REBUS visualization was repeated 
a final time.

Additional CBCT spins were performed as determined by the 
operator. Needle biopsy, forceps biopsy, and peripheral washing 
of the target were obtained at each site at operator discretion. If a 
patient had more than 1 nodule, the entire sequence above was re-
peated.

Histology Evaluation and Diagnostic Definitions
All biopsy specimens were evaluated by an expert lung pathol-

ogist. A specimen was considered diagnostic if any of the following 

a b

Fig. 2. a Image acquired from cone-beam 
computed tomography demonstrating 
needle-in-lesion in the coronal plane. Nee-
dle-in-lesion requires the needle to be in 
the operator defined nodule in 3 planes.  
b Coronal image demonstrating a miss.
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were met: (1) malignancy or (2) benign histological findings that 
could account for the presence of a nodule (e.g., granuloma). Nor-
mal lung parenchyma, nonspecific inflammation, “atypical,” or 
“suspicious” cells not definitively malignant were considered non-
diagnostic.

Outcomes
The primary outcome was percentage of first-pass needle-in-

lesion biopsies achieved with needle placement guided by F-ENB 
(Fig. 3). Secondary outcomes included rates of diagnostic specimen 
acquisition, REBUS view (concentric vs. eccentric vs. no view of the 
nodule) at each iteration of the procedure (post-ENB, post-F-ENB, 
and post-CBCT), needle tip-to-nodule distance if the needle was 
not within the lesion in all 3 planes (tip to the closest nodule edge), 
procedure time, radiation dose, and rates of complications.

Statistical Analysis
Descriptive statistics including means with standard deviation 

for continuous variables and percentages and frequencies for cat-
egorical variables were reported. A multivariate logistic regression 

model using needle-in-lesion as our binary outcome was addition-
ally utilized to identify variables associated with needle-in-lesion, 
using the following clinical variables: nodule size (mm), view on 
REBUS post-F-ENB (concentric, eccentric, and no view), and 
presence of a bronchus sign. The estimated odds ratios and 95% 
confidence intervals were provided to measure the effect of the as-
sociation. Statistical analysis was performed using R version 3.6.1 
(R Core Team [2019]).

Results

Between July 20, 2019, and March 21, 2020, 26 patients 
with a total of 29 nodules were enrolled. Mean age was 64 
years (±12.4), and 65% were male. The median American 
Society of Anesthesiology overall health score was 3. Mean 
nodule maximal axial dimension was 13 mm (±4) with a 
mean volume of 1.25 mL (±1.5). Most nodules (83%) were 

AP

FH

Volume: 1.2 mL

LR

–kV, – mAs
Zoom 100%

Fig. 3. Segmentation of a lung nodule using Lungsuite© software. The 3 planes here demonstrate an eccentric 
needle-in-lesion.
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within the peripheral third of the lung, with mean distance 
from nodule to pleural edge of 1.2 cm (±1.4). A bronchus 
sign was present in 5 of 29 (17%) nodules (Table 1).

Needle-in-lesion was observed in 21 of the 29 (72.4%) 
nodules. Histopathological diagnosis was confirmed in 
21 of 29 nodules after readjustment of the biopsy instru-
ments (72.4%, Table 2). Four specimens were diagnostic 
(13.7%) when F-ENB-guided needle was not initially 
within the lesion. Among the 8 first-pass biopsy attempts 
which were not needle-in-lesion, the mean distance from 
the needle to the closest edge of the nodule on axial cross 
sections was 1.75 mm ((±1.35 mm). In 13 of 29 nodules 
(44.8%), F-ENB improved REBUS view (nodule not visu-
alized to eccentric view or eccentric view to concentric 
view) compared to standard ENB. In 8 of the 29 (28%) 
nodules, the REBUS view was improved with CBCT-
based manipulations compared to F-ENB (Table 3). De-
spite a needle-in-lesion, we were unable to obtain histo-
pathological diagnoses in 3 nodules.

The mean radiation dose per nodule was 259.6 mGy 
(±208.2 mGy), and the mean fluoroscopy time (including 
C-arm and CBCT) was 8.8 min (±5.3). The mean proce-
dural time (measured from scope in to scope out) was 
78.7 min (±28.1). This included mediastinal staging or 
additional diagnostic procedures in 15 of 24 (62.5%) pa-

tients. Mean in-room time was 118 min (±33). The mul-
tivariate analysis did not suggest nodule size, post-F-ENB 
REBUS signature, or bronchus sign were independent 
predictors of a needle-in-lesion. No complications oc-
curred.

Discussion

In this single-center prospective case series, we report 
that F-ENB-guided transbronchial needle biopsy resulted 
in a needle-in-lesion in 72.4% of nodules, despite chal-
lenging nodule characteristics including small size (mean 
13 mm diameter), peripheral location (mean distance 
from pleural edge of 1.2 cm), and a minority of nodules 
with bronchus sign (17%). The purpose of this study was 
to clarify the degree to which the digital tomosynthesis 
correction of nodule location using F-ENB achieved op-
timal biopsy alignment as confirmed by CBCT. F-ENB, 
when needle-in-lesion was not achieved, was still able to 
place the needle within 2 mm of the targeted nodule on 
average. Our data suggest that F-ENB is able to optimize 
alignment in the majority of cases even when nodules are 
small and peripheral. This supports the increased diag-
nostic yield noted by Aboudara and colleagues [12] after 
introduction of this technology in the only prior series 
describing F-ENB on diagnostic yield.

The secondary outcome of diagnostic yield does not 
strictly reflect the diagnostic yield of F-ENB, as more biop-
sies were obtained after CBCT-guided adjustments were 
made. Two prior reports describe CBCT-guided broncho-
scopic diagnostic yield. Pritchett et al. [13] reported a diag-
nostic yield of 83.7% (77 of 92 nodules), while Casal et al. 
[15] reported a diagnostic yield of 70% (14 of 20 nodules). 
This was despite the former series targeting smaller nod-

Table 1. Initial patient and nodule data

Patients, n 26
Nodules, n 29
Age 64 (SD: ±12.4, min: 31 max: 81)
Gender

Male 17/26, 65%
Female 9/26, 35%

ASA median 3
Nodule size mean 12.8 mm (SD ±3.8 mL)
Nodules ≥2 cm 1 (3.4%)
Volume mean 1.25 mL (SD: ±1.54 mL)
Location, n

RUL 9
RML 1
RLL 5
LUL 9
LLL 5

Peripheral 1/3rd of lung 24 (83%)
Middle 1/3rd 5 (17%)
Pleural to edge of nodule 

distance 1.2 cm (SD: ±1.4 cm)
Bronchus sign 5 (17%)

ASA, American Society of Anesthesiology.

Table 2. Pathologic results for each nodule

Malignant
Adenocarcinoma 10 34.5%
Squamous cell carcinoma 9 31.0%
Lymphoma 1 3.4%

Benign lesional
Organizing pneumonia 1 3.4%

Nondiagnostic
Normal lung 3 10.3%
Neutrophils 1 3.4%
Chronic inflammation 1 3.4%
Atypical cells, nondiagnostic for malignancy 3 10.3%
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ules (1.6 vs. 2.1 cm) and fewer with a bronchus sign (39 vs. 
60%), variables previously suggested to be associated with 
diagnostic success [9, 16]. Pritchett and colleagues [11, 13] 
utilized ENB and EWC to access the nodule, similar to the 
current study, while Casal and colleagues [15] used thin or 
ultrathin bronchoscopy, which may have influenced yield. 
Casal and colleagues [15] also commented on atelectasis 
commonly obscuring targets in their series; different ven-
tilation strategies, not well described by either series, might 
have also influenced these yields. Our diagnostic yield is 
similar to these prior studies; our nodules were smaller (1.3 
cm), fewer demonstrated the bronchus sign (17%), and dif-
ferent definitions were used to define benign diagnostic 
histology, which may explain the reduction in diagnostic 
yield compared to Pritchett’s series. Finally, these 2 prior 

studies, like this study, are all small single-center series of 
modest size and, therefore, may not be reflective of the true 
diagnostic yield for all peripheral nodules targeted bron-
choscopically. Pritchett et al. [11, 13] recently evaluated the 
digital overlap of F-ENB and CBCT defined nodules. Dig-
ital overlap only needed to be >0% in order to be consid-
ered successful. 83% of (39/47) nodules had digital 3D tar-
get overlap after local registration. Radiologic confirma-
tion of needle-in-lesion and digital target overlap is 
surrogates for the ultimate goal of diagnostic yield. Ulti-
mately, the true yield of these technologies cannot be de-
termined with small case series in single centers and com-
parative studies will be needed.

Interestingly, we were unable to obtain a pathological 
diagnosis in 4 of the CBCT documented first-pass needle-

Table 3. Rebus and CBCT views throughout the procedure

Nodule REBUS view 
after ENB

REBUS view 
after F-ENB

REBUS view 
after cone beam

CBCT 
needle-in-lesion

Pathology

1 Concentric Concentric Concentric Yes Adenocarcinoma
2 Concentric Concentric Concentric Yes Adenocarcinoma
3 Eccentric Concentric Concentric Yes Normal lung
4 No view Eccentric Eccentric No Neutrophils
5 No view No view Eccentric No Normal lung
6 No view No view Eccentric Yes Normal lung
7 No view No view No view No Atypical cell, suspicious for malignancy
8 No view Eccentric Eccentric Yes Hodgkins lymphoma
9 Eccentric Eccentric Eccentric Yes Adenocarcinoma

10 No view Eccentric Concentric Yes Adenocarcinoma
11 No view Eccentric Eccentric Yes Squamous cell Ca
12 Eccentric Eccentric Eccentric Yes Squamous cell Ca
13 No view Eccentric Eccentric Yes Squamous cell Ca
14 No view Eccentric Concentric Yes Adenocarcinoma
15 Eccentric Eccentric Concentric Yes Atypical cell, suspicious for malignancy
16 No view No view Eccentric No Organizing Pneumonia
17 Eccentric Eccentric Eccentric No Adenocarcinoma
18 No view Eccentric Concentric Yes Adenocarcinoma
19 Concentric Concentric Concentric Yes Squamous cell Ca
20 Eccentric Eccentric Eccentric Yes Marked anthracotic pigment and  

chronic inflammation
21 No view Eccentric Eccentric No Squamous cell Ca
22 No view Eccentric Eccentric Yes Squamous cell Ca
23 Eccentric Eccentric Eccentric Yes Squamous cell Ca
24 Eccentric Concentric Concentric Yes Squamous cell Ca
25 No view Eccentric Concentric Yes Squamous cell Ca
26 No view No view Eccentric No Atypical squamous cells
27 No view Eccentric Eccentric No Adenocarcinoma
28 Eccentric Eccentric Eccentric Yes Adenocarcinoma
29 No view No view No view Yes Adenocarcinoma

CBCT, cone-beam computed tomography; ENB, electromagnetic navigational bronchoscopy; REBUS, radial probe endobronchial 
ultrasound.
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in-lesion cases. This, in combination with the high degree 
of proximity to the target lesions, suggests that broncho-
scopic yield may be limited by biopsy instruments used 
and pathological processing. The results we observed 
here are similar to our previously reported yield of 79% 
after the introduction of F-ENB [12]. The slight reduction 
in yield may be related to the smaller size of these lesions, 
lack of rapid on-site specimen evaluation during these 
cases and selection bias, as our team tended to select the 
most difficult cases for CBCT.

The mean radiation exposure for these procedures was 
259 mGy, and the mean fluoroscopy time (including C-
arm and CBCT) was 8.8 min. This is less than doses report 
with other common fluoroscopic procedures such as PCI 
[17]. Careful monitoring and mitigation of radiation ex-
posure to both patients and providers should be opti-
mized for centers considering CBCT-B.

This study has several limitations. It is single-center 
series from a group of expert bronchoscopists with sig-
nificant experience with F-ENB, describing an experience 
with a modest number of targeted nodules. However, the 
maintenance of a high diagnostic yield despite inclusion 
of small nodules mostly without a bronchus sign remains 
a significant finding. There were significant limitations in 
the availability of the hybrid odds ratio which is why our 
numbers are small despite the enrollment period. Though 
specific pre-specified criteria were not utilized to deter-
mine which cases were selected for cone-beam guidance, 
the smaller nodule size and lower rate of bronchus sign in 
the current series compared to recent historical nodules 
targeted at this center [12] suggest more difficult targets 
were selected for cone-beam guidance, which argues 
against selection-based exaggeration of F-ENB targeting 
success or diagnostic yield. Additionally, we do not have 
follow-up data available to confirm our benign cases. 
However, the purpose of this study was to evaluate the 
accuracy of F-ENB itself. Adequate tissue acquisition de-
pends on several other factors including sampling tech-
niques and tissue characteristics. Pathological yield did 
not directly correlate to needle-in-lesion hit rate, likely 
due to issues with biopsy instruments, limitations in spec-
imen evaluation, and readjustments made based on 
CBCT. Alternative biopsy techniques were discussed 
with all patients, including TTNB, which is also common-
ly performed for lesions of this nature. Navigational 
bronchoscopy, with rate of pneumothorax of 5% and sig-
nificant parenchymal hemorrhage of 1% in a recent large 
series [8], has an overall lower complication rate than 
TTNB, while the diagnostic yield of TTNB for lesions un-
der 1.5 cm has been reported to be 70% in a large case 

series [18], providing clinical rationale for the pursuit of 
such lesions via advanced bronchoscopy. TTNB admit-
tedly remains the standard of case for a majority of nod-
ules like those targeted in this series. Decisions to pursue 
TTNB or ENB will ultimately be guided by local expertise, 
availability of these new technologies, and patient prefer-
ence.

In conclusion, F-ENB optimized instrument align-
ment to result in a needle-in-lesion in about 3 out of 4, 
further, demonstrating the potential for this ENB ad-
junct. A prospective multicenter trial is needed to con-
firm these preliminary findings.
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