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Electromagnetic navigation bronchoscopy transbronchial lung
nodule ablation with lllumisite™ platform corrects CT-to-body
divergence with tomosynthesis and improves ablation workflow: a
case report
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Background: Transbronchial ablation of lung nodules is gaining popularity as part of lung-preserving
strategy for patients with multifocal lung cancers or multiple lung oligometastases. Accuracy in placement
of ablation catheter is of utmost importance in order to achieve adequate ablation margin. However, older
systems are not precise enough for confident placement of ablation catheter and often require multiple
cone-beam CT (CBCT) to confirm and readjust its position. The following case is the first microwave
lung ablation utilizing the novel Tllumisite™ platform (Medtronic, Minneapolis, MN, USA) in the hybrid
operating room (HOR), with enhanced accuracy and workflow.

Case Description: A 66-year-old lady had multiple resected adenocarcinomas in bilateral lungs. Upon
CT monitoring a right middle lobe (RML) ground glass opacity with solid centre was found to be suspicious
due to increasing size and density. Transbronchial electromagnetic navigation bronchoscopy (ENB)
microwave ablation of the lesion was performed as part of lung-conserving strategy. After initial navigation,
the adjusted nodule position provided by the Illumisite TM platform after correcting the CT-to-body
divergence prompted operators to renavigate and readjust the position of the locatable guide (LG) swiftly
to gain accurate access to the nodule, which was confirmed by CBCT. Positional data at the tip of extended
working channel (EWC) also allowed precise placement of needle for subsequent ablation.

Conclusions: Tllumisite™ is a novel electromagnetic navigational platform that corrects for CT-to-body
divergence and ensures continuous locational information by an additional positional coil in the tip of EWC.
This precision is especially important for the placement of ablation catheter, as slight deviation would lead to
insufficient ablation margin and future recurrence. Workflow is improved by reducing the number of CBCT

required for instrument position adjustment.
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Introduction

Patients with multifocal lung cancers or multiple lung
oligometastases are candidates for lung-preserving
treatment options (1,2), among which local ablative
therapies are increasing in interests and applications (3-5).
Transbronchial route of local ablation using microwave
energy in the hybrid operating room (HOR) has been
described, yielding good short-term safety and mid-term
local control rates (6). However, this is limited by CT-to-
body divergence, leading to imprecision of navigation. The
Tlumisite™ platform utilizes real-time imaging to correct
for the CT-to-body divergence, in addition to fluoroscopic
navigation technology to enhance the visibility of lung
nodules. Alignment with the target nodule is visualized and
maintained throughout procedure as the tip of the extended
working channel (EWC) provides positional information
even after the locatable guide (LG) has been removed. We
present below our first case of electromagnetic navigation
bronchoscopy (ENB) transbronchial microwave ablation
of lung nodule using the Illumisite™ platform in the
HOR. We present this case in accordance with the CARE
reporting checklist (available at https://acr.amegroups.com/
article/view/10.21037/acr-22-49/rc).

Case presentation

A 66-year-old lady with a past history of multiple treated
lung adenocarcinomas was found to have growing suspicion
of one of the remaining lung nodules. She had a T2NOMO
EGFR G719X mutation positive lung adenocarcinoma
with right lower lobectomy 5 years ago, showing complete
resection and not requiring adjuvant treatment. Subsequent
CT showed 2 more suspicious left lower lobe nodules which
were wedge-resected 1 year ago, pathology showing a 4 mm
EGFR mutation negative adenocarcinoma-in-situ and a 1
mm atypical adenomatous hyperplasia. Upon follow up of
the remaining multiple ground-glass opacities (GGO) in
bilateral lungs, one in the right middle lobe (RML) (Suzuki
class 3) had increased in size and solidity slowly over years.
Her forced expiratory volume in 1 second (FEV1) was 110%
predicted while diffusion capacity of carbon monoxide
(DLCO) was 68% predicted. Thoracic multi-disciplinary
meeting concluded that this mixed RML nodule was likely
an evolving early primary lung adenocarcinoma similar to
the previous resected nodules. The patient was referred to
us for lung-conserving ablative therapy, since there were
other lung nodules scattered in bilateral lobes which may
require future treatment in case of progression. The target
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RML nodule was approximately 1 cm in maximal diameter,
adjacent to a 3 mm vessel bifurcation, with a narrow airway
leading to the lesion (bronchus sign positive). It consisted
of mostly GGO with a solid centre (Figure I). The patient
agreed for transbronchial ENB microwave ablation of
the lung nodule after discussion of other local treatment
options, and informed consent was taken.

On the day of procedure, the patient underwent
general anaesthesia and was intubated with single
lumen endotracheal tube. Similar to all other ENB
cases, bronchoscopic toileting and pre-operative cone-
beam CT (CBCT) was performed (Figure 1), followed
by registration and navigation by the Illumisite™ ENB
system. A 180-degree EWC was used and the LG was
navigated to a point just within 2.5 cm from the centre of
lesion. Local registration by fluoroscopic navigation to
correct for CT-body divergence was performed using a
mobile C-arm 60-degree spin to generate tomosynthesis
images (Figure 2). The GGO was not readily seen on
fluoroscopy, but the nodule marking was accurate based on
the visualized adjacent vessels (Figure 3). By comparing the
3D reconstructed view to the 2D fluoroscopy image, the
lesion was much better visualized and can be marked for
subsequent navigation. After the position of the green ball
(representing the target lesion) was adjusted by Tllumisite™
platform, the LG was renavigated to a more distal airway,
and with the help of CBCT and fluoroscopy, the LG
was directly aligned with the adjusted target (Figure 4).
A CrossCountry ™ needle (Covidien™, Plymouth, MN,
USA) for transbronchial access was deployed with patient in
inspiration, corresponding to the green ball’s most bullseye
view. CBCT showed the needle puncturing through the
GGO (Figure 5), and the dilator and EWC was advanced
over the needle to the desired position. Due to the
positional electronics available in the tip of the Illumisite™™
EWC, we placed it at 1 cm beyond the centre of GGO
lesion so that the centre of ablation zone will coincide with
the centre of lesion. The CrossCountry" ™
exchanged to Emprint™™ Ablation Catheter (Covidien"",
Plymouth, MN, USA) and unsheathed, with the final

CBCT showing satisfactory position with predicted ablation

tool was then

margin >10 mm. The predicted ablation margin is defined
as the minimal distance between edge of lesion and edge of
predicted ablation zone, the size of which was provided by
the manufacturer. After the first ablation with 100 W for
10 minutes, the ablated zone was smaller than predicted
especially over the side where there was heat sink effect
due to the 3 mm blood vessel. Re-ablation at the same
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Figure 1 The target right middle lobe lesion is shown in three axes (sagittal, coronal, axial) upon CBCT spin intra-operatively. CBCT,

cone-beam CT; CT, computed tomography.

position with 100 W for 10 minutes was performed, CBCT
showed ablation zone being more consolidated and minimal
margin improved to 4 mm, not taking into account tissue
contraction from ablation (Figure 6). Total procedure time
was 171 minutes and radiation dose was 26,129 pGym’.

The patient had uneventful recovery and was discharged
on post operative day 1; 16 days later, the patient received
right upper lobectomy for resection of multiple right upper
lobe nodules. The post-ablation 1-month and 4-month CT
scans show shrinkage of ablation zone (Figure 7) and no
short-term complications or early recurrence.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.
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Discussion

This is the first case of ENB transbronchial microwave
ablation of lung nodule using the Ilumisite™
the HOR. The Tllumisite™ platform is the first navigational

system on market to correct for CT-to-body divergence,

platform in

that is the discrepancy between the static pre-operative
planning CT scan and the dynamic breathing lung. This
digital tomosynthesis-based navigation correction is
achieved by utilizing fluoroscopic navigation technology
which creates a 3D image enhancing the nodule’s visibility,
so that the adjusted nodule position (represented by
the green ball on screen) can be updated. Throughout
procedure, it provides real time confirmation that the
catheter is aligned to the nodule, and this alignment can
be maintained even after the LG is removed, owing to
the presence of sensor coils embedded in the tip of EWC.
This continuous positional data allows for multidirectional
sampling and more thorough biopsy, as have been
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Figure 2 Intraoperative setup during lllumisite™ lung ablation. (A)
shows the set up for ENB ablation using the Illumisite™ platform.
The patient lies supine and is intubated with single lumen
endotracheal tube. The bronchoscope is mounted on the head-
side of patient and connected to the Tllumisite™ console/screen
at patient’s right. The mobile C-arm for acquiring fluoroscopic
images for tomosynthesis enters at patient’s left. (B) Fluoroscopy
shows the metallic dots on the electromagnetic board which was
placed underneath patient. The dots allow operator to position
the C-arm at the most appropriate focal length for best image
acquisition in subsequent C-arm spin. ENB, electromagnetic

navigation bronchoscopy.
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Figure 3 Augmented fluoroscopy shows the lesion within an
orange circle which is marked by the operator to help the system

recognize the target lesion for subsequent tomosynthesis.
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demonstrated in biopsy series using this platform (7,8).

The improved navigation and accuracy provided by this
platform may also simplify the workflow of transbronchial
microwave lung ablation. In the present case, the unadjusted
green ball position initially led us to a more superior airway,
but after nodule adjustment with fluoroscopic navigation
technology, we were able to quickly recognize that the LG
was in a slightly different airway and renavigated accordingly.
Fewer numbers of CBCT and therefore less radiation was
required in order to confirm that the LG had reached the
target nodule. In addition, in previous models without EWC
positional electronics, after the LG is removed the EWC
often returns to its original curvature, and deployment
of subsequent CrossCountry'" needle would require
fluoroscopy marking and multiple confirmation in right
anterior oblique (RAO) and left anterior oblique (LAO)
planes. Often after needle deployment, CBCT would show
that the needle is slightly off-centre and redeployment of
needle was required, especially for ablation where a high
level of precision is required. With the continuous positional
data provided by the tip of the new system’s EWC, we would
be able to advance the CrossCountry'™ needle directly at
the green ball in the most bullseye view, and CBCT indeed
confirmed direct puncture of the nodule. Moreover, contrary
to previous platforms, apart from the direction, the exact
distance between the centre of nodule and the tip of EWC is
available too, allowing precise placement of the tip of ablation
catheter. Since the centre of ablation is 1 cm proximal to the
tip of Emprint"™ ablation catheter, we advanced the EWC
1 cm beyond the centre of lesion and placed the ablation
catheter flush to the EWC, so that the centre of ablation
coincided with the centre of lesion. This is confirmed by
CBCT and did not require further adjustment of the catheter
before ablation.

In general, the Illumisite™™ platform improves
navigational accuracy and is best suited to institutions where
CBCT is a scarce resource (9). For biopsy, the fluoroscopic
navigation technology with adjustment of green ball
location is probably sufficient for accurate biopsy without
the need of CT to confirm needle position. However, for
lung ablation, without a hybrid theatre and floor-mounted
CBCT, one would rely on mobile CBCT machines for lung
nodule ablation, and each CBCT requires additional time
and effort. Therefore, the workflow of ablation and biopsy
can be greatly improved by decreasing the number of
CBCT spins required for confident instrument placement.

TN

The accuracy of Illumisite™ platform is still limited by
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Figure 4 On top right hand corner, local registration was “on” so that the green ball represents the updated nodule position after adjusting
CT-to-body divergence. Left hand panel shows real-time fluoroscopy, while right-hand panel shows the tip of the EWC is now directed at
the green ball, at 1.9 cm from the centre of lesion. Fine adjustment of the EWC tip allows accurate placement of needle subsequently. EWC,
extended working channel; CT, computed tomography.
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Figure 5 The CrossCountry'™ needle is deployed and shown to be puncturing lesion (green cross) in all 3 axes in CBCT. CBCT, cone-
beam CT; CT, computed tomography.
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Figure 6 Pre- and Post-ablation cone beam CT findings. (A, left sided panels) and (B, right sided panels) show the pre- and post-ablation
images. The original lesion was marked by orange tracings, while the green and blue ovals represent the predicted ablation zone. In (B)
ground-glass opacities surrounding the nodule represent the actual ablation zone after 2 ablations at 100 W for 10 minutes. CT, computed
tomography.
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Figure 7 Post-ablation CT findings upon follow up. (A,B) Shows the CT scan at 1-month and 4-month post-ablation respectively, which
demonstrates a progressive reduction in ablation zone changes, and no evidence of early recurrence or complications. Note that right upper
lobectomy has been performed 16 days after ablation for other peripheral lung nodules. CT, computed tomography.
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the solidity of lesion. Solid components in mixed GGOs
can be augmented by tomosynthesis much more than pure
GGOs. In addition, the need for parking and unparking
of mobile C-arm machine in a hybrid theatre with floor-
mounted CBCT machine may prolong procedure, however
this may be offset by more accurate navigation in the first
attempt, thus saving time from repeated CBCT spins due
to mis-navigation related to CT-to-body divergence. Total
radiation dose in the present case was 26,129 pGym®,
only slightly less than the average of 27,120 pGyrnz in our
previous case series of ENB ablation. This may be due to
the effect of initial learning curve of using the new platform,
and the need of double ablation in this case.

Conclusions

Ilumisite™

is an advance electromagnetic navigation
platform that corrects for CT-to-body divergence by
fluoroscopic navigation technology. Accurate access
to nodule is ensured by the adjusted nodule location,
and continuous positional data is provided by the novel
embedment of positional coils at the tip of EWC. This
precision is especially important for the placement
of ablation catheter, as slight deviation would lead to

insufficient ablation margin and future recurrence.
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